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A b s t r a c t

Q u a nt u m c o m p uti n g is a f o r m of c o m p uti n g b as e d o n t h e p ri n ci pl es of q u a nt u m   m e c h a ni cs.  Q u a nt u m
c o m p uti n g  p r o mis es  t o  r e v ol uti o nis e  s o ci et y  t h r o u g h  t e c h n ol o gi c al  s ol uti o ns  t o  p r e vi o usl y
u ns ol v a bl e  p r o bl e ms  o r  b y  e n h a n ci n g  t h e  c a p a citi es  of  c u r r e nt  c o m p ut ati o n al  t e c h n ol o gi es.
A d diti o n all y,  q u a nt u m  c o m p uti n g  h as  t h e  p ot e nti al  t o  r e v ol uti o nis e  t h e  h u m a niti es  a n d  s o ci al
s ci e n c es.   W e d e n ot e t h e st u d y of t h es e c h a n g es as “ q u a nt u m h u m a niti es ” ,   w h os e st u d y f o c us es o n t h e
p ot e nti al  of  q u a nt u m  c o m p uti n g.  T his  p a p e r  p r o p os es  a  r es e a r c h  p r o g r a m m e  f o r  q u a nt u m
h u m a niti es,   w hi c h i n cl u d es t h e a p pli c ati o n of q u a nt u m al g o rit h ms t o h u m a niti es r es e a r c h, r efl e cti o n
o n  t h e   m et h o ds  a n d  t e c h ni q u es  of  q u a nt u m  c o m p uti n g  a n d  e v al u ati o n  of  its  p ot e nti al  s o ci et al
i m pli c ati o ns.   M o r e o v e r,   w e a r g u e t h at, f o u n d ati o n all y,  q u a nt u m   m e c h a ni cs  h as s e ri o us i m pli c ati o ns
f o r t h e   w a ys i n   w hi c h  d at a  a n d i nf o r m ati o n  a r e  us e d t o  p r o d u c e s e e mi n gl y  o bj e cti v e t e c h n ol o gi es.
T h us,  q u a nt u m  c o m p uti n g is  a  n e x us f o r  t h e  st u d y  of  k n o wl e d g e its elf.  T his  r es e a r c h  p r o g r a m m e
ai ms  t o  d efi n e  t h e  fi el d  of  q u a nt u m  h u m a niti es  a n d  t o  est a blis h  it  as  a   m e a ni n gf ul  p a rt  of  t h e
h u m a niti es  a n d  s o ci al  s ci e n c es.

K e y w o r d s: Q u a nt u m h u m a niti es;  r es p o nsi bl e  r es e a r c h  a n d  i n n o v ati o n  ( R RI);  t r a nsf o r m ati o n
ass ess m e nt

I.  I n t r o d u c ti o n

F r o m t h e c r a dl e t o t h e  g r a v e,   m o d e r n  h u m a n lif e is s u r r o u n d e d  b y t e c h n ol o g y, s h a p e d  b y
t e c h n ol o g y a n d d e p e n d e nt o n t e c h n ol o g y.   O u r li v es a r e d efi n e d b y t h e c o nst a nt e n c o u nt e r,
us e, p r o d u cti o n, c o n c e pti o n, d esi g n a n d i nt e r p r et ati o n of t e c h n ol o g y. T h e o m ni p r es e n c e of
t e c h n ol o g y i n  o u r li v es is  p e r h a ps  es p e ci all y t r u e i n t h e c as e  of c o m p uti n g t e c h n ol o gi es. 1

F r o m ti m e t o s p a c e, o u r li vi n g c o n diti o ns a r e l a r g el y t e c h ni c all y c o nst r u ct e d. 2 T o  p ut it as
cl e a rl y  as  p ossi bl e:  o n e i m p o rt a nt  as p e ct  of t h e “ h u m a n  c o n diti o n ” is t e c h n ol o g y  a n d its
d e v el o p m e nt. 3

© T h e   A ut h o r(s), 2 0 2 3. P u blis h e d b y C a m b ri d g e   U ni v e r sit y P r ess. T his is a n   O p e n   A c c es s a rti cl e, dist ri b ut e d u n d e r t h e t e r ms of t h e
C r e ati v e  C o m m o ns   Att ri b uti o n- S h a r e Ali k e  li c e n c e  ( htt p: / / c r e ati v e c o m m o ns. o r g /li c e ns es / b y-s a / 4. 0 / ),   w hi c h  p e r mits  r e- u s e,
dist ri b uti o n, a n d r e p r o d u cti o n i n a n y   m e di u m,  p r o vi d e d t h e s a m e  C r e ati v e  C o m m o ns li c e n c e is  us e d t o  dist ri b ut e t h e r e- us e d  o r
a d a pt e d  a rti cl e  a n d  t h e  o ri gi n al  a rti cl e is  p r o p e rl y  cit e d

1 M   W eis e r, “ T h e  C o m p ut e r  of  t h e  2 1st  C e nt u r y ” ( 1 9 9 1)  3  S ci e ntifi c   A m e ri c a n  2 6 5;   H  R ei m e r, “ B SI  St u di e:
‘P e r v asi v e  C o m p uti n g:  E nt wi c kl u n g e n  u n d   A us wi r k u n g e n ’ ” ( 2 0 0 6)  3 0  D at e ns c h ut z  u n d  D at e nsi c h e r h eit  7 4 8.

2 M  C ast ells, T he  Rise  of t he   Net w or k  S ociet y ,  2 n d  e diti o n ( O xf o r d, J o h n   Wil e y   &  S o ns  2 0 1 0).
3 H   A r e n dt, T he   H u m a n  C o n diti o n ( C hi c a g o, I L,   U ni v e rsit y  of  C hi c a g o  P r ess  1 9 5 8.

E ur o pe a n J o ur n al  of  Ris k  Re g ul ati o n ( 2 0 2 3), 1 4 ,  4 3 5– 4 5 6
d oi: 1 0. 1 0 1 7 / e rr. 2 0 2 3. 7 1
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As J as a n off e x pl ai n s, t h e r e c e nt ris e of t e c h n ol o gi es  h as c o- p r o d u c e d  n e w d efi niti o ns of
w h at  c o nstit ut es  h u m a nit y  a n d  a ut o n o m y. 4 As  R a m m e rt  r e c e ntl y  p ut it,  t e c h n ol o g y  a n d
c ult u r e  a r e i nt e r w o v e n. 5 T e c h n ol o g y  is  p a rt  of  e v e r y d a y lif e,   m e a ni n g: “ T e c h ni q u es  a r e
wit h o ut  q u esti o n   m e di ati n g,  s h a pi n g,  a n d f o u n di n g  el e m e nt s  of  s o ci al  a cti o ns  a n d  s o ci al
s yst e ms  i n  all  ti m es  a n d  pl a c es.  [ : : : ]  T h us,  t e c h ni q u es  a r e  n ot  o nl y  e n gi n e e ri n g
c o nst r u cti o n s  of  eff e cti v e t o ols  a n d   m a c hi n es,  b ut  als o s o ci al  c o nst r u cti o ns  of t h e   m e a ns
a n d f o r ms  of   w o r ki n g,  r es e a r c hi n g,  c o m m u ni c ati n g,  a n d li vi n g i n  s o ci eti es. ” 6 As  a  r es ult,
c o m p ut ati o n al t e c h n ol o gi es  a r e  c o nst a ntl y  gi v e n  a g e n c y t o  c h o os e   w h at   w e s h o ul d  b u y, 7

w h o  s h o ul d  b e  l a b ell e d  as  c ri mi n als 8 a n d   w h at  it   m e a ns  t o   wi n  a  d e m o c r ati c  el e cti o n. 9

R a m m e rt st at es t h at t e c h ni c al i nf r ast r u ct u r e  c o nsists  n ot  o nl y  of t h e i n di vi d u al  pi e c es  of
a p p a r at us  a n d  n et w o r ks,  b ut als o  of a ut h o rit ati v e s o ci al st a n d a r ds ( e g t h os e  p r o d u c e d  vi a
t h e a r c hit e ct u r e  of a n a p p a r at us s u c h as t h e  a r c hit e ct u r e  of s oft w a r e), e c o n o mi c s yst e ms,
l e g al st r u ct u r es a n d r e g ul at o r y a ut h o riti es s u c h as o p e r at o r o r g a nis ati o ns.1 0 B e c a us e t his is
s o,   w e  c a n n ot  t hi n k  of  t e c h n ol o gi es  as  t e c h ni c al  a rt ef a cts  t o  b e  c o nsi d e r e d i n is ol ati o n.
I nst e a d,   w e   m ust c o nsi d e r t h e  o v e r all s o ci al c o nt e xt a n d i m p a cts  of t h e t e c h ni c al a rt ef a ct,
w hi c h i n  o u r  c as e is  t h e  q u a nt u m  c o m p ut e r.

Q u a nt u m  c o m p ut e rs,  a n d  q u a nt u m  t e c h n ol o gi es  i n  g e n e r al,  h a v e  b e c o m e  a n
i n c r e asi n gl y i m p o rt a nt  p a rt  of  o u r   w o rl d,  as  s o m e  e x p e rts  cl ai m.1 1 T h e i m p a ct  t h at  t his
n e w f o r m of c o m p uti n g  h as  h a d a n d   will  h a v e o n o u r s o ci et y a n d es p e ci all y i n t h e fi el ds of
t h e  h u m a niti es is  still  a   m att e r  of  d e b at e.  T o  ass ess  t h es e  p ossi bl e  c h a n g es,  p r eli mi n a r y
w o r ks  c oi n e d  t h e  t e r m “ q u a nt u m  h u m a niti es ” , i n  a n al o g y  t o  t h e “ di git al  h u m a niti es ” .1 2

A  c o ns e q u e nt  a n al ysis  of t h e i niti al  u n d e rst a n di n g  of t his  n e w  d o m ai n  h as  s h o w n t h at  a
c o n c e pt u al  e xt e nsi o n is f r uitf ul  h e r e: t h e t e r m “ q u a nt u m  h u m a niti es ” r ef e rs,  o n t h e  o n e
h a n d, t o t h e  us e of q u a nt u m al g o rit h ms i n t h e  h u m a niti es, all o wi n g   m o difi e d o r e v e n  n e w
q u esti o ns i n t h e h u m a niti es a n d s o ci al s ci e n c es t o b e a d d r ess e d.   O n t h e ot h e r h a n d, it   m ust
als o  i n cl u d e  t h e  e v al u ati o n  of  t h e  p ossi bilit y  of  t h e  d e e p  a n d   wi d es p r e a d  i m p a cts  o n
s o ci et y  t h at  t his  f u n d a m e nt all y  n e w  t e c h n ol o g y – q u a nt u m  c o m p uti n g – is  e x p e ct e d  t o
h a v e  b y s o m e  e x p e rts, t h e  d et ails  of   w hi c h r e m ai n i n  q u esti o n. 1 3 T h e r ef o r e,   w e  c a n st at e
t h at  t his  e m e r gi n g  fi el d  is  c o m p os e d  of  t h e  f oll o wi n g  el e m e nts:  ( 1)  t h e a p plic ati o n of
q u a nt u m  al g o rit h ms   wit hi n  a   wi d e  v a ri et y  of r es e a r c h  q u esti o ns r ais e d i n t h e  h u m a niti es

4 S J as a n off, Refr a mi n g  Ri g hts:  Bi oc o nstit uti o n alis m i n t he  Ge netic  A ge ( C a m b ri d g e,   M A,   MI T  P r ess  2 0 1 1.  S e e  als o:

S J as a n off a n d S- H  Ki m, “ C o nt ai ni n g t h e at o m: S o ci ot e c h ni c al i m a gi n a ri es a n d  n u cl e a r p o w e r i n t h e   U nit e d St at es
a n d  S o ut h  K o r e a ” ( 2 0 0 9)  4 7( 2)   Mi n e r v a  1 1 9.

5 W  R a m m e rt, “ T h e  C ult u r al S h a pi n g  of  T e c h n ol o gi es a n d t h e  P oliti cs  of  T e c h n o di v e rsit y ” i n  K H S ø r e ns e n a n d

R   Willi a ms ( e ds), S h a pi n g Tec h n ol o g y,  G ui di n g P olic y – C o nce pts, S p aces  & T o ols ( C h elt e n h a m, E d w a r d El g a r P u blis hi n g
2 0 0 2).

6 W  R a m m e rt, “ T e c h ni k,   H a n d el n  u n d  S o zi alst r u kt ur:  Ei n e  Ei nf ü h r u n g i n  di e  S o zi ol o gi e  d e r  T e c h ni k ” ( 2 0 0 6),
T e c h ni c al   U ni v e rsit y  T e c h n ol o g y  St u di es   W o r ki n g  P a p e rs  T U T S- W P- 3- 2 0 0 6,  8 < htt ps: / / n b n- r es ol vi n g. o r g / u r n:
n b n: d e: 0 1 6 8-ss o a r- 1 1 9 9 7 > (l ast  a c c ess e d  1 9  S e pt e m b e r  2 0 2 3).

7 D E  B a m b a u e r  a n d   M  Ris c h, “ W o rs e  T h a n   H u m a n ? ” ( 2 0 2 1)  5 3   A ri z o n a  St at e  L a w J o u r n al  1 0 9 1.
8 A   N aji bi, “ R a ci al  Dis c ri mi n ati o n i n  F a c e  R e c o g niti o n  T e c h n ol o g y ” ( S ci e n c e i n t h e   N e ws,   H a r v a r d   U ni v e rsit y,

2 0 2 0) < htt ps: / /sit n. h ms. h a r v ar d. e d u /fl as h / 2 0 2 0 / r a ci al- dis c ri mi n ati o n-i n-f a c e- r e c o g niti o n-t e c h n ol o g y / > (l ast

a c c ess e d  2 1  S e pt e m b e r  2 0 2 3).
9 J  C a rs o n, “ O p e ni n g t h e  D e m o c r a c y  B o x ” ( 2 0 0 1)  3 1( 3)  S o ci al  St u di es  of  S ci e n c e  4 2 5ff.
1 0 W  R a m m e rt, Tec h ni k – H a n del n – Wisse n Z u ei ner pr a g m atistisc he n Tec h ni k- u n d S ozi alt he orie , 2 n d e diti o n ( B e rli n,

S p ri n g e r  2 0 1 6)  p  7.
1 1 D  T o u z ali n  et  al, “ Q u a nt u m   m a nif est o – A  n e w  e r a  of  t e c h n ol o g y ” ( Q u a nt u m   M a nif est o  f o r   Q u a nt u m

T e c h n ol o gi es | F U T U RI U M | E u r o p e a n  C o m missi o n 2 0 1 6) < htt ps: / / e c. e u r o p a. e u /f ut u ri u m / e n / c o nt e nt / q u a nt u m-
m a nif est o- q u a nt u m-t e c h n ol o gi es. ht ml > (l ast  a c c ess e d  2 1  S e pt m e b e r  2 0 2 3).

1 2 J  B a r z e n  a n d  F  L e y m a n n, Q u a nt u m   H u m a nities – A  Visi o n f or  Q u a nt u m  C o m p uti n g i n  Di git al   H u m a nities ( B e rli n,
S p ri n g e r  2 0 1 9)  p p  2 – 3.

1 3 J F  B o bi e r  et  al, “ W h at   H a p p e ns   W h e n ‘If’ T u r ns  t o ‘W h e n ’ i n   Q u a nt u m  C o m p uti n g ?” ( B ost o n  C o ns ulti n g

G r o u p  P u blis h e r, 2 0 2 1) < b c g- w h at- h a p p e ns- w h e n-if-t u r ns-t o- w h e n-i n- q u a nt u m- c o m p uti n g-j ul- 2 0 2 1- r. p df > (l ast
a c c ess e d  2 1  S e pt e m b e r  2 0 2 3).

4 3 6   Ast ri d  B ötti c h e r et  al.
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a n d  s o ci al  s ci e n c es;  ( 2) reflecti o n o n  t h e   m et h o ds,  t e c h ni q u es  a n d  i m p a cts  t h at  a r e
c o n n e ct e d t o  q u a nt u m  c o m p uti n g  a n d its  p hil os o p hi c al f o u n d ati o ns;  a n d ( 3) t h e s o ci et al,
c ult u r al  a n d  s o ci al  (i n cl u di n g  b e h a vi o u r al) i m plic ati o ns t h at  a r e  e x p e ct e d  t o  h a v e  t h e
p ot e nti al f o r  dis r u pti o n  b y  s o m e  e x p e rts, 1 4 alt h o u g h  ot h e rs  c all  t his “ h y p e ” .1 5

T his  arti cl e  ai ms  t o  c o ntri b ut e  t o  a d dr essi n g t h e f oll o wi n g  q u esti o ns:  h o w  c a n  q u a nt u m
h u m a niti es  b e  d efi n e d ?   W h at  ki n d  of  r es e ar c h  pr o gr a m m e  e m er g es  fr o m  t h e  fi el d ?   W h at
i n n o v ati o ns  d o  q u a nt u m  h u m a niti es  off er ?  A n d  h o w  c a n t h e y  b e   m e a ni n gf ull y  e m b e d d e d i n
t h e  h u m a niti es ?  O ur  c o ntri b uti o n  is  a n  el ab or ati o n  of  t h es e  c or e  t h e m es,  e ns uri n g  a
c o m pr e h e nsi v e   m a p pi n g of t h e s u bj e ct   m att er i n or d er t o l a y t h e f o u n d ati o ns of t h e r es e ar c h
pr o gr a m m e a n d all o w f or criti c al e n g a g e m e nt   wi t h a n d i n t h e fi el d. T his s er v es as pr eli mi n ar y
w or k f or  assi g ni n g  q u a nt u m  h u m a niti es  a   m e a ni n gf ul  r ol e   wit hi n t h e  h u m a niti es.

I n  t his   w o r k,   w e   m ai nl y  li mit  o u r  a r g u m e nt  a n d  t h e  p r o p os al  f o r  t h e  p r o g r a m m e  of
q u a nt u m  h u m a niti es t o t h e  c o nfi n es  of  q u a nt u m  c o m p uti n g.   W e   m a k e t his  c h oi c e  d u e t o
t h e  e xisti n g  c h a n g es  t h at  q u a nt u m  c o m p uti n g  h as  al r e a d y  c a us e d  i n  ot h e r  fi el ds  of
k n o wl e d g e a n d t h e f r a mi n g of p r e vi o us d efi niti o ns. T h e a r g u m e nts   w e d e v el o p i n t his   w o r k
c a n b e e xt e n d e d t o c o v e r ot h e r fi el ds of q u a nt u m t e c h n ol o gi es d u e t o t h ei r c o m m o n b asis,
e v e n if t h ei r  s p e cifi c i m p a cts  o r  s o ci et al i m pli c ati o ns  a r e  diff e r e nt. 1 6

1.   D e v el o p m e nt  of  q u a nt u m  t e c h n ol o gi es

T o  b e a bl e t o  u n d e rst a n d t h e  p ossi bl e i m p a ct  of  q u a nt u m t e c h n ol o gi es  o n t h e  h u m a niti es,
w e   m ust fi rst  u n d e rst a n d t h ei r  hist o r y.  T h e fi rst  q u a nt u m r e v ol uti o n   w as t ri g g e r e d  b y t h e
r e alis ati o n  t h at  el e ct r o ns,  t y pi c all y  t h o u g ht  of  as  p a rti cl es,  c a n  b e h a v e  li k e   w a v es.
Si mil a rl y, li g ht,   w hi c h   w as p r e vi o usl y c o n c ei v e d of as a   w a v e p h e n o m e n o n, c a n b e h a v e li k e

1 4 J  Ki et z m a n n  et  al, “ H ell o   Q u a nt u m!   H o w   Q u a nt u m  C o m p uti n g   Will  C h a n g e  t h e   W o rl d ” ( 2 0 2 1)  2 3( 4)  I T

P r of essi o n al 1 0 6ff. S e e als o:  P  C o o p e r et al, “ Q u a nt u m C o m p uti n g J ust   Mi g ht S a v e t h e  Pl a n et ” (Mc Ki nse y  Di git al , 1 9
M a y  2 0 2 2) < htt ps: / / w w w. m c ki ns e y. c o m / c a p a biliti es / m c ki ns e y- di git al / o u r-i nsi g hts / q u a nt u m- c o m p uti n g-j ust-

mi g ht-s a v e-t h e- pl a n et > (l ast a c c ess e d 2 1 S e pt e m b e r 2 0 2 3). S e e als o:  C   M ei e r, “ I n t h e  n e xt 2 0 y e a rs, t h e  q u a nt u m
c o m p ut e r   will  b e c o m e  a  r e alit y ” (I nt e r vi e w, Hel m h oltz   Ne wsr o o m ,  2 0 2 0) < htt ps: / / w w w. h el m h olt z. d e / e n /
n e w s r o o m / a rti cl e /i n-t h e- n e xt- 2 0- y e a r s-t h e- q u a nt u m- c o m p ut e r- will- b e c o m e- a- r e alit y / > (l ast  a c c ess e d  2 1

S e pt e m b e r  2 0 2 3).
1 5 S D  S a r m a, “ Q u a nt u m  C o m p uti n g   H as  a   H y p e  P r o bl e m ” (MI T  Tec h n ol o g y  Re vie w ,  2 8   M a r c h  2 0 2 2) < htt ps: / /

w w w.t e c h n ol o g y r e vi e w. c o m / 2 0 2 2 / 0 3 / 2 8 / 1 0 4 8 3 5 5 / q u a nt u m- c o m p uti n g- h as- a- h y p e- p r o bl e m / > (l ast a c c ess e d 2 1
S e pt e m b e r  2 0 2 3).  S e e  als o: J   H o r g a n, “ Will   Q u a nt u m  C o m p uti n g  E v e r  Li v e   U p t o Its   H y p e ? ” (Scie ntific  A meric a n ,
2 0  A pril  2 0 2 1) < htt ps: / / w w w.s ci e ntifi c a m eri c a n. c o m / arti cl e / will- q u a nt u m- c o m p uti n g- e v e r-li v e- u p-t o-its- h y p e / >

(l ast  a c c ess e d  2 1  S e pt e m b er  2 0 2 3).
1 6 T h e r e a r e s p e cifi c as p e cts t h at   mi g ht b e  u ni q u e t o e a c h a r e a  of  q u a nt u m t e c h n ol o g y.   H o w e v e r,   m a n y  of t h e

f u n d a m e nt al iss u es  a n d c h all e n g es  ass o ci at e d   wit h  q u a nt u m t e c h n ol o gi es  a r e si mil a r  e n o u g h t h at i nsi g hts f r o m
ot h e r  fi el ds  c a n  b e  us e d  a n d  a p pli e d  t o  q u a nt u m   m et r ol o g y,  q u a nt u m  s e nsi n g  a n d  q u a nt u m  c o m m u ni c ati o n.
Q u a nt u m   m et r ol o g y, s e nsi n g  a n d c o m m u ni c ati o n  a r e  all  b as e d  o n t h e  p ri n ci pl es  of  q u a nt u m   m e c h a ni cs  a n d  us e

q u a nt u m   m e c h a ni c al p h e n o m e n a t o s ol v e s e c u r e d c o m m u ni c ati o n t as ks. Si n c e q u a nt u m c o m p ut ers a r e als o b as e d
o n t h es e q u a nt u m   m e c h a ni c al p ri n ci pl es, t h e r e is a c o m m o n b asis.   H e r e,   w e fi n d a si mil a rit y t o di git al h u m a niti es,
w h e r e  all  di git al  d e vi c es  a n d  t e c h n ol o gi es  f r o m   w e b  d e v el o p m e nt  t o  d at a  a n al ysis  a r e  d e alt   wit h  i n  di git al

h u m a niti es.  Si mil a rl y  t o  di git al  h u m a niti es,  t h e  diff e r e n c es  i n  t h e  v a ri o us  q u a nt u m  t e c h n ol o gi es  a r e  i n  t h e
i m pli c ati o ns, a p pli c ati o ns, r efl e cti o ns a n d  d e v el o p m e nts – n ot i n t h e f r a m e w or k.  F ut u r e  p a p e rs   will  h a v e t o  d e al

wit h  ot h e r  a p pli c ati o ns.  T h e i nt e r a cti o ns  a n d s y n e r gi es  b et w e e n t h e  diff e r e nt s u bfi el ds  of  q u a nt u m t e c h n ol o g y
c o ul d  b e i nt e nsifi e d  a n d l e a d  t o i n n o v ati v e  s ol uti o ns (i e  st u di es f o c usi n g  o n  ot h e r  q u a nt u m  t e c h n ol o gi es  t h a n
q u a nt u m  c o m p uti n g  c o ul d  b e  d e v el o p e d  a c c o r di n g  t o  t h e  r es e a r c h  o utli n e   w e  d e v el o p  h e r e).   A c c e pt a n c e  a n d

r e g ul ati o n  of  n e w  t e c h n ol o gi es  oft e n  d e p e n d  o n  si mil a r  f a ct o rs,   w h et h e r  t h e y  a r e  q u a nt u m  c o m p ut e rs  o r
q u a nt u m  t e c h n ol o gi es  s u c h  as  q u a nt u m   m et r ol o g y,  q u a nt u m  s e nsi n g  o r  q u a nt u m  c o m m u ni c ati o n,   w hi c h  is

i m p o rt a nt f o r d e v el o p m e nt, a p pli c ati o ns a n d i m pli c ati o ns of t h e t e c h n ol o gi es as a   w h ol e. T h e r es ults b as e d o n o n e
of t h es e i n n o v ati o ns c o ul d h el p t o b ett e r u n d e rst a n d q u a nt u m t e c h n ol o gi es as a   w h ol e. It   m a k es s e ns e t o c r e at e a
c o m m o n  f r a m e w or k  f o r  r es e a r c h,  as  ot h e r  r es e a r c h  a n d   w o r ki n g  g r o u ps  a r e  als o   w o r ki n g  o n  t h es e  iss u es  i n

p a r all el.  S e e,  e g,   O  v a n  D e v e nt e r  et  al, “ T o w a r ds  E u r o p e a n  st a n d a r ds  f o r  q u a nt u m  t e c h n ol o gi es ” ( 2 0 2 2)  9  E PJ
Q u a nt u m  T e c h n ol o g y  3 3.

E ur o pe a n J o ur n al  of  Ris k  Re g ul ati o n 4 3 7
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p a rti cl es.  T h es e  dis c o v e ri e s  l e d  t o  t h e  f o r m ul ati o n  of  q u a nt u m   m e c h a ni cs.   Q u a nt u m
m e c h a ni cs  e n a bl e d  a  b ett e r  t h e o r eti c al  u n d e rst a n di n g  of  n at u r e  as  b ei n g   m a d e  u p  of
el e m e nt a r y  fi el ds,  of   w hi c h  p a rti cl es  a r e  s p e cifi c  vi b r ati o n al   m o d es.  T h es e  t h e o r eti c al
u n d e r pi n ni n gs  a m o u nt e d  t o  e x pl ai ni n g  e x p e ri m e nts  s u c h  as  r a di ati o n,  c r yst all o g r a p hi c
st r u ct u r es,  c o n d u cti vit y  a n d  n o v el  t e c h n ol o gi es  s u c h  as   m a g n eti c  r es o n a n c e  i m a gi n g
( M RI).  T h e fi rst q u a nt u m r e v ol uti o n   m a d e it  p ossi bl e t o d es c ri b e a n d e x pl ai n  p a rti cl es a n d
t h ei r  b e h a vi o u r, s o t h at  o n e c o ul d  d e al   wit h t h e  gi v e n c a p a biliti es  of t h e  n at u r al  p a rti cl es
of t h e  p e ri o di c t a bl e  a n d  us e t h e m t o  d e v el o p t e c h n ol o gi es s u c h  as   M RI, l as e rs  a n d   m o r e.
T h e  s e c o n d  q u a nt u m  r e v ol uti o n   w as  b r o u g ht  a b o ut  b y  t h e  r e alis ati o n  t h at  q u a nt u m
m e c h a ni c al  o bj e cts  c o nt ai n  a n d  p r o c ess  i nf o r m ati o n  i n   w a ys  t h at  j ust  p a rti cl es  o r  j ust
w a v es c a n n ot.  T hi s r e alis ati o n  h as f u ell e d r es e a r c h i nt o c o nt r olli n g si m pl e  o bj e cts s u c h as
at o ms a n d c o m pl e x s yst e ms s u c h as c o m p osit e p a rti cl es, q u a nt u m d ots, e x cit o ns, pl as m o ns
a n d   m o r e.  T h e  c o m p uti n g  t e c h n ol o g y  e n visi o n e d  f r o m  c o nt r olli n g i nf o r m ati o n i n  t h es e
s yst e ms is  us u all y  c all e d “ q u a nt u m t e c h n ol o g y ” .  R es e a r c h i nt o  q u a nt u m t e c h n ol o gi es,  as
s u m m a ris e d  b y  D o wli n g  a n d   Mil b u r n,  s e e ks  t o  d e v el o p  us ef ul  e n gi n e e ri n g  t o ols  t h at
e x pl oit t h e  p ri n ci pl es  of  q u a nt u m  p h ysi c s t h at  p oss ess  n o  cl assi c al  c o u nt e r p a rts,  s u c h  as
i nt e rf e r e n c e,  s u p e r p ositi o n  a n d  e nt a n gl e m e nt.1 7 I n  t h e lit e r at u r e,  q u a nt u m  t e c h n ol o gi es
a r e  oft e n  di vi d e d  i nt o  f o u r  a r e as:  q u a nt u m   m et r ol o g y,  q u a nt u m  si m ul ati o n,  q u a nt u m
c o m m u ni c ati o ns  a n d  q u a nt u m  c o m p uti n g. 1 8

E v e n  t h o u g h  t h e y  a r e  i n  t h ei r  i nf a n c y,  t o d a y ’s  q u a nt u m  c o m p ut e rs  h a v e  pl a y e d  a
c o nt ri b uti n g  r ol e  i n  o u r   w o rl d,  a n d  e x p e rts  cl ai m  t h at  t h e y  a r e   m e a ni n gf ul  a n d   will
b e c o m e  e v e n   m o r e  i m p a ctf ul  as  t h ei r  d e v el o p m e nt  c o nti n u es. 1 9 T h e  hi g hl y  a nti ci p at e d
f o r m  of f a ult-t ol e r a nt  q u a nt u m c o m p ut e rs is  n ot f ull y r e alis e d t o d a y, s o   w e a r e i n t h e a g e
of t h e  n ois y i nt e r m e di at e-s c al e  q u a nt u m ( NI S Q):  e r r o r- p r o n e  c o m p ut e rs   w h os e  p ot e nti al
h as  n ot  b e e n f ull y  e x pl oit e d. 2 0 Q u a nt u m  c o m p ut e rs  e m pl o y  q u a nt u m  v e rsi o ns  of “ bits ” ,
c all e d “ q u bits ” , f o r  c o m p ut ati o n.  Diff e r e nt  q u bit  a p p r o a c h es  o r  a r c hit e ct u r es  a r e  al r e a d y
o n  t h e   m a r k et:  i o n  t r a p  q u a nt u m  c o m p ut e rs,  s u p e r c o n d u ct o r  q u a nt u m  c o m p ut e rs,
p h ot o ni c  ci r c uits  a n d,  alt h o u g h  it  is  d e b at e d  as  t o   w h et h e r  it  is  a “ t r u e  q u a nt u m
c o m p ut e r ” ,  t h e  q u a nt u m  a n n e al e r.2 1

I n  t h ei r  c u r r e nt  it e r ati o n,  q u a nt u m  c o m p ut e rs  a r e  al r e a d y  i m p a cti n g  h u m a niti es
r es e a r c h  t h r o u g h  t h e  a p pli c ati o n  of  q u a nt u m  al g o rit h ms  f o r  h u m a niti es-f o c us e d  a n d
s o ci all y  r el e v a nt  q u esti o n s. 2 2 Al o n g si d e  t his,  q u a nt u m  c o m p uti n g  a p pli c ati o ns   mi g ht  b e

1 7 J P   D o wli n g  a n d  G   Mil b u r n, “ Q u a nt u m  t e c h n ol o g y – t h e  s e c o n d  q u a nt u m  r e v ol uti o n” ( 2 0 0 3)  3 6 1( 1 8 0 9)

P hil os o p hi c al  T r a ns a cti o ns:   M at h e m ati c al,  P h ysi c al  a n d  E n gi n e e ri n g  S ci e n c es,  I nf o r m ati o n,  K n o wl e d g e  a n d
T e c h n ol o g y  1 6 5 5ff.

1 8 A   A cí n et al, “ T h e  q u a nt u m t e c h n ol o gi es r o a d m a p – a  E u r o p e a n c o m m u nit y  vi e w ” ( 2 0 1 8)  2 0   N e w J o u r n al  of
P h ysi cs  0 8 0 2 0 1.

1 9 J M   A r r a z ol a,  E  Di a m a nti  a n d J  K e r e ni dis, “ Q u a nt u m  s u p e ri o rit y f o r  v e rif yi n g   N P- c o m pl et e  p r o bl e ms   wit h

li n e a r o pti cs” ( 2 0 1 8) 4 n pj   Q u a nt u m I nf o r m ati o n 5 6. S e e als o: S B oi x o et al, “ C h a r a ct eri zi n g q u a nt u m s u p r e m a c y i n
n e a r-t e r m d e vi c es ” ( 2 0 1 8) 1 4   N at u r e P h ysi cs 5 9 5– 6 0 0. S e e als o: P r oj e ct   w e bsit e   Q u S C o | P u bli c ati o ns < q us c o-it n. e u >
(l ast  a c c ess e d  2 1  S e pt e m b er  2 0 2 3).

2 0 J  P r es kill, “ Q u a nt u m  C o m p uti n g i n t h e   NI S Q  E r a  a n d  B e y o n d ” ( 2 0 1 8)  2   Q u a nt u m  7 9.
2 1 J   M arr e, “ q u a nt e n c o m p ut er-i nf o - Ei n fr ei es O nli n e- B u c h ü b er Q u a nt e n c o m p ut e r.   W el c h e Q u a nt e n c o m p ut er gi bt es

j etzt s c h o n ?” < q u a nt e n c o m p ut er-i nf o. d e > (l ast  a c c ess e d  2 9  S e pt e m b er  2 0 2 3).  S e e  als o:  P L A N Q K, “ S u p er c o n d u ct or  vs.
i o n tr a ps: Pr o p erti es of diff er e nt q u a nt u m ar c hit e ct ur es” ( 7 D e c e m b er 2 0 2 0) < htt ps: / / pl a n q k. d e / n e ws /s u p er c o n d u ct or-
vs-i o n-tr a ps- pr o p erti es- of- di ff er e nt- q u a nt u m- ar c hit e ct ur es /> (l ast a c c ess e d 2 1 S e pt e m b er 2 0 2 3). S e e als o: J M  Arr az ol a

et al, “ Q u a nt u m cir c uits   wit h   m a n y p h ot o ns o n a pr o gr a m m a bl e n a n o p h ot o ni c c hi p ” ( 2 0 2 1) 5 9 1   N at ur e 5 4ff. S e e als o:   N B
Li n k e  et  al, “ E x p eri m e nt al  c o m p aris o n  of  t w o  q u a nt u m  c o m p uti n g  ar c hit e ct ur es ” ( 2 0 1 7)  1 1 4( 1 3)  Pr o c e e di n gs  of  t h e

N ati o n al  A c a d e m y of S ci e n c es of t h e   U nit e d St at es of  A m eri c a 3 3 0 5 – 1 0. S p e ci al s eri es of I n a u g ur al  Arti cl es b y   m e m b ers
of t h e   N ati o n al  A c a d e m y  of  S ci e n c es  el e ct e d i n  2 0 1 6 ( 1  F e br u ar y  2 0 1 7).

2 2 J  B a r z e n, “ F r o m  Di git al   H u m a niti es  t o   Q u a nt u m   H u m a niti es:  P ot e nti als  a n d   A p pli c ati o ns ” i n  E R   Mi r a n d a

( e ds), Q u a nt u m  C o m p uti n g i n  t he  Arts  a n d   H u m a nities ( B e rli n,  S p ri n g e r  2 0 2 2).  S e e  als o:  J M   A r r a z ol a, “ Q u a nt u m-
i ns pi r e d  al g o rit h ms i n  p r a cti c e” ( 2 0 2 0)  4   Q u a nt u m  3 0 7.

4 3 8   Ast ri d  B ötti c h e r et  al.
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sti m ul ati n g t r a n sf o r m ati o n  p r o c ess es i n t h e  a r e as  of  p oliti cs, t h e  e c o n o m y  a n d s o ci et y,  a
st at e m e nt   w h os e t r ut h  h as  y et  t o  b e  p r o v e n  b ut  n e e ds  t o  b e i n v esti g at e d.

Q u a nt u m  c o m p uti n g   m a y  als o  h a v e  a n i m p a ct  as  a t o ol   w h e n it  c o m es t o  h u m a niti es-
m oti v at e d  a n al ysis  of  l a r g e  d at as ets  o r  c o m pli c at e d  li n k a g es,  as  i n  t h e  fi el d  of  s o ci al
n et w o r k  a n al ysis. 2 3 At t h e s a m e ti m e, it is  e x p e ct e d t o  h a v e  a n i m p a ct  o n  o u r s o ci eti es  as
p at h  d e p e n d e n ci es  a r e c r e at e d  a n d  n et w o r ks  a r e  b uilt   w hil e c a pt u ri n g t h e i nt e r est  of t h e
r es e a r c h  c o m m u nit y. 2 4 It  h as  n ot  y et  b e e n  e x pl o r e d   w h et h e r t h es e  c h a n g es   will  a ct u all y
h a v e a n i m p a ct o n h u m a n d e v el o p m e nt a n d   w h at t his i m p a ct   mi g ht b e.   A d diti o n all y, t h e r e
is a q u esti o n of   w h et h e r s u c h a p pli c ati o ns   will f u n d a m e nt all y c h a n g e t h e   w a y   w e r es e a r c h
a n d  d e v el o p  o r l e a d t o  n e w i nsi g hts t h r o u g h r efl e cti o n  o n t h es e t e c h n ol o gi es,   w hi c h s o m e
b eli e v e   will  o c c u r. 2 5

P r a g m ati c all y,  q u a nt u m  h u m a niti es  a r e  n ot  a b o ut f ull y  u n d e rst a n di n g  e v e r y  d et ail  of
q u a nt u m   m e c h a ni cs  a n d  its  p r e c o n diti o ns,  j ust  as  t h e  h u m a niti es  a r e  n ot  li mit e d  t o
p hil os o p h y o r t o o nt ol o gi c al d e b at e.   Q u a nt u m h u m a niti es a r e als o a b o ut e pist e m ol o g y a n d
t h e si m pl e y et d a u nti n g f a ct of i nt r o d u ci n g q u a nt u m t e c h n ol o g y a n d its o ut c o m es i nt o t h e
r es p e cti v e   w o r k  of  a  f ull  r a n g e  of  dis ci pli n es  s u bs u m e d  u n d e r  t h e  h u m a niti es.  T his
i nt r o d u cti o n is  n e c ess a r y,  as i n n o v ati o ns i n  q u a nt u m t e c h n ol o gi es,  s u c h  as t h e  q u a nt u m
c o m p ut e r,  a r e  p r e di ct e d  t o  b e c o m e  i m p o rt a nt  t o ols  i n  t h e  f ut u r e  f o r  a  n u m b e r  of
a p pli c ati o ns,   m a n y of   w hi c h   w e c a n n ot p r e di ct t o d a y, a n d it is u n cl e a r   w h et h e r, h o w,   w h e n
a n d   w h at   will  u n d e r g o  a n y  s u c h  c h a n g es. 2 6

2.  Pr e vi o us  d es cri pti o ns  of  q u a nt u m  h u m a niti es

H a vi n g  d es c ri b e d  t h e  d e v el o p m e nt  of  q u a nt u m  t e c h n ol o gi es  a n d  s o m e  of  t h e  e a rl y
p ossi biliti es f o r c h a n g es, it   will c o m e as n o s u r p ris e t h at t h e fi el d of q u a nt u m h u m a niti es is
still  i n  its  e a rl y  st a g es.  T h e r ef o r e,  its  p r e cis e  b o u n d a ri es  a n d   m et h o d ol o gi es  a r e  b ei n g
a cti v el y  e x pl o r e d.   As  a n  i nt e r dis ci pli n a r y  fi el d,  it  e n c o u r a g es  c oll a b o r ati o n  b et w e e n
q u a nt u m  p h ysi cists, c o m p ut e r s ci e ntists,  p hil os o p h e rs, li n g uists,  a nt h r o p ol o gists, lit e r a r y
s c h ol a rs,  hist o ri a ns a n d  ot h e r e x p e rts f r o m  b ot h t h e  n at u r al s ci e n c es a n d t h e  h u m a niti es.
J o h a n n a  B a r z e n,   w h o  c oi n e d  t h e  t e r m “ q u a nt u m  h u m a niti es ” ,  a r g u e d  t h at  t r a diti o n al
r es e a r c h i n t h e  h u m a niti es  h as r eli e d  o n  h e r m e n e uti cs,   w hi c h i n v ol v es i nt e r p r et ati o n a n d
a n al ysis  b as e d  o n  t h e  t e xts  o r  o bj e cts  of  st u d y. 2 7 Wit h  t h e  i nt r o d u cti o n  of  di git al
h u m a niti es,  c o m p ut ati o n al   m et h o ds  h a v e  b e e n  i nt e g r at e d  t o  s u p p o rt  a n d  e n h a n c e
h e r m e n e uti c  a p p r o a c h es.   H o w e v e r,  t h e  li mit ati o ns  of  cl assi c al  c o m p ut e rs  b e c o m e
a p p a r e nt   w h e n  c o nsi d e ri n g  t h e  p ot e nti al  of  q u a nt u m  c o m p ut e rs.  T h e r ef o r e,  t h e  t e r m
“ q u a nt u m  h u m a niti es ” w as  p r o p os e d  b y  B a r z e n  t o  c a pt u r e  t h e  u ni q u e  c a p a biliti es  of
q u a nt u m  t e c h n ol o gi es  f o r  s ol vi n g  h u m a niti es- r el at e d  p r o bl e ms.   Wit h  its  f u n d a m e nt all y
diff e r e nt a p p r o a c h a n d a d v a nt a g es, q u a nt u m c o m p uti n g is s e e n as a n e w fi el d t h at e xt e n ds
a n d e n ri c h es e xisti n g   m et h o ds i n di git al  h u m a niti es. 2 8 B a r z e n   w as o n e of t h e fi rst s c h ol a rs
f r o m t h e  h u m a niti es t o  a p p r e ci at e t h e  p ot e nti al  of t h e  q u a nt u m  c o m p ut e r,  p r es e nti n g  a
s yst e m atis ati o n  p r oj e ct ( M U S E)  d e m o nst r ati n g t h at t h e  q u a nt u m c o m p ut e r is a t o ol t o  b e

2 3 N   A m o r os o  et  al, “ P ot e nti al  e n e r g y  of  c o m pl e x  n et w o r ks:  a  q u a nt u m   m e c h a ni c al  p e rs p e cti v e ” ( 2 0 2 0)  1 0

S ci e ntifi c  R e p o rts  1 8 3 8 7.
2 4 S u c h  as t h e  r es e a r c h  p r oj e ct l e d  b y  C h rist o p h er  C o e n e n:  K a rls r u h e I nstit ut e  of  T e c h n ol o g y ( KI T):   Q u T e c –

Q u a nt u m T e c h n ol o g y I n n o v ati o ns f o r S o ci et y. S e e als o: t h e C e nt r e f o r   Q u a nt u m a n d S o ci et y u n d e r   Q u a nt u m  D elt a

i n t h e   N et h e rl a n ds < htt ps: / / q u a nt u m d elt a. nl > (l ast  a c c ess e d  2 9  S e pt e m b e r  2 0 2 3).
2 5 C  C o e n e n  et  al, “ Q u a nt u m  T e c h n ol o gi es  a n d  S o ci et y:  T o w a r ds  a  Diff e r e nt  S pi n ” ( 2 0 2 2)  1 6   N a n o et hi cs  1ff.
2 6 F  G e r k e  et  al, “ Q u a nt u m   A w a r e n ess i m I n g e ni e u r w es e n:   W el c h e  K o m p et e n z e n   w e r d e n i n  d e r I n d ustri e  v o n

m o r g e n  g e b r a u c ht ? ” ( 2 0 2 0)  1  P h y Di d  B -  B eit r ä g e  z u r  D P G- F r ü hj a hrst a g u n g.
2 7 J  B a r z e n  a n d  F  L e y m a n n, “ Q u a nt u m  h u m a niti es:  a  visi o n  f o r  q u a nt u m  c o m p uti n g  i n  di git al  h u m a niti es ”

( 2 0 1 9)  3 5  SI C S  S oft w a r e-I nt e nsi v e  C y b e r- P h ysi c al  S yst e ms  2– 3.
2 8 i bi d.

E ur o pe a n J o ur n al  of  Ris k  Re g ul ati o n 4 3 9
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t a k e n s e ri o usl y.2 9 Y et   M U S E   w as d efi n e d as b ei n g p a rt of di git al h u m a niti es at fi rst, a n d t h e
t e r m “ q u a nt u m  h u m a niti es ” w as  d e v el o p e d l at e r  b as e d  o n t h e  s a m e  p r oj e ct,  d r a wi n g  o n
t h e s a m e c o m bi n ati o n  of  h e r m e n e uti cs  a n d its e xt e nsi o n t h r o u g h t h e   m et h o d ol o gi c al  us e
of  t h e  q u a nt u m  c o m p ut e r. 3 0

B ut e v e n t h o u g h h e r m e n e uti cs is a n i m p o rt a nt a p p r o a c h i n t h e h u m a niti es, it is n ot t h e
o nl y  o n e,   w hi c h  is   w h y  q u a nt u m  h u m a niti es  n e c essit at es  a  f o u n d ati o n  a p a rt  f r o m  t his
si n g ul a r  a p p r o a c h.   W h y  a r e  q u a nt u m  h u m a niti es  n ot j ust  di git al  h u m a niti es ?   A p a rt f r o m
t h e f a ct t h at a  q u a nt u m c o m p ut e r c a n  d o t hi n gs   m u c h f ast e r,   w h at   m a k es t his   m a c hi n e s o
s p e ci al  t h at it i n a u g u r at es its  o w n fi el d  of  r es e a r c h ?

T h e  fi el d  of  di git al  h u m a niti es  is  c o nst a ntl y  e v ol vi n g,  a n d  d efi niti o ns  c a n  q ui c kl y
b e c o m e  o ut d at e d  o r  r est ri cti v e. 3 1 T r a diti o n all y,  di git al  h u m a niti es  c o m bi n e  t r a diti o n al
h u m a niti es  dis ci pli n es   wit h c o m p ut ati o n al t o ols a n d t e c h n ol o gi es,  y et s o m e e x pl o r e ( o n a
s m all e r s c al e) t h e i m p a ct s of di git al t e c h n ol o gi es o n s o ci et y. 3 2 Q u a nt u m  h u m a niti es b r e a ks
wit h  t his  t r a diti o n,  as  it  h as  a  g r e at e r  f o c us  o n  d e v el o p m e nt,  r efl e cti o n  a n d  t h e
i m pli c ati o n s  of  t his  t e c h n ol o g y  (s e e  S e cti o n III).   Y et  q u a nt u m  h u m a niti es  a r e  a
c o nti n u ati o n  of  t his  t e c h n ol o g y- b as e d   w a y  of   w o r ki n g,  usi n g  q u a nt u m  t e c h n ol o g y.
H o w e v e r, b e c a us e q u a nt u m p h ysi c s c h all e n g es t h e f u n d a m e nt al i d e ol o gi c al ass u m pti o ns of
r e alis m a n d  d et e r mi nis m,  q u a nt u m  h u m a niti es  p oss ess a  n e w  q u alit y t h at s e p a r at es t h e m
f r o m  di git al  h u m a niti es  i n  a d diti o n  t o  j ust  i n c r e as e d  c o m p uti n g  p o w e r.  I n  c o nt r ast  t o
di git al  h u m a niti es,   w hi c h  a r e  p ri m a ril y  c o n c e r n e d   wit h   m et h o ds  of  usi n g  di git al
t e c h n ol o gi es,  q u a nt u m  h u m a niti es t a k e  o n  a  q u alit ati v e  v al u e  of t h ei r  o w n  b e c a us e t h e y
a r e  b as e d  o n  q u a nt u m   m e c h a ni cs (s e e  als o  S e cti o n III. 3)  a n d  e x pl o r e  p ossi bl e i m p a ct s  o n
s o ci et y  t o  a  g r e at e r  e xt e nt  t h a n  di git al  h u m a niti es. 3 3

T o  g r as p t his  diff e r e n c e,   w e   m ust  d el v e i nt o t h e  o bj e ct its elf.   A  q u a nt u m c o m p ut e r is a
diff e r e nt   m a c hi n e f r o m  a  u ni v e rs al  c o m p ut e r  as it  us es  q u a nt u m   m e c h a ni cs  t o  p e rf o r m
c al c ul ati o n s. 3 4 A n ot h e r  a r g u m e nt  as  t o   w h y  q u a nt u m  h u m a niti es  a r e  n ot  si m pl y  di git al
h u m a niti es,  as   w e  cl ai m,  li es  i n  t h e  disti n ct  c o m p ut ati o ns  p e rf o r m e d  o n  a  q u a nt u m
c o m p ut e r. 3 5 T w o  i m p o rt a nt  f u n cti o ns  c h a n g e.  Fi rst,  t h e  q u esti o ns  c h a n g e  b e c a us e  t h e y
h a v e  t o  b e  as k e d i n  a   w a y  t h at is  a d a pt e d  t o  t h e  al g o rit h m.  T his is  n ot  a  t ri vi al   m att e r,
b e c a us e  t h e  q u a nt u m  c o m p ut e r   w o r ks   wit h  at o ms,   w hi c h  c al c ul at e  f o r  us,  a n d  s o  o u r
q u esti o ns   m ust  fi n d  a  p h ysi c al  e q ui v al e nt.  S e c o n d,  t h e  a ns w e rs  als o  c h a n g e  b e c a us e

2 9 M U S E | I nstit ut f ü r   A r c hit e kt u r  v o n   A n w e n d u n gss yst e m e n |   U ni v e rsit ät  St utt g a rt < u ni-st utt g a rt. d e > (l ast
a c c ess e d  2 9  S e pt e m b e r  2 0 2 3).

3 0 J  B a r z e n, We n n  K ost ü me  s prec he n – M usterf orsc h u n g  i n  de n  Di git al   H u m a nities  a m  Beis piel  vesti me nt ärer
K o m m u ni k ati o n i m  Fil m ( D P hil T h esis,   U ni v e rsit y  of  C ol o g n e  2 0 1 8).

3 1 C   W a r wi c k,   M  T e r r as  a n d J   N y h a n, Di git al   H u m a nities i n  Pr actice ( L o n d o n,  F a c et  P u blis hi n g  2 0 1 2).
3 2 F  J a n dis, Di git al   H u m a nities ( B o n n,  G es ells c h aft  f ü r  I nf o r m ati k  2 0 1 7).  S e e  als o:   A  K o h, “ A  L ett e r  t o  t h e

H u m a niti es:  D H   Will   N ot S a v e   Y o u ” i n  D  Ki m a n d J St o m m el ( e ds), Disr u pti n g  Di git al   H u m a nities ( S a nt a  B a r b a r a, C A,

P u n ct u m  B o o ks  2 0 1 8).  S e e  als o:   M P  E v e, T he  Di git al   H u m a nities  a n d  Liter at ure  St u dies ( O xf o r d,   O xf o r d   U ni v e rsit y
P r ess  2 0 2 2)  p  1 3ff.

3 3 “ Y o u ’r e  g oi n g t o s e e a l ot  of e m p h asis  o n t o ols.   A l ot  of e m p h asis  o n  bi g  d at a a n al ysis.   A l ot  of e m p h asis  o n

c o m p ut ati o n,  a n d  t h e  p o w e r  of  c o m p ut ati o n.   W h at  a r e n ’t  y o u  g oi n g  t o  s e e  as   m u c h  of ?  E m p h asis  o n   w h y
c o m p uti n g,  t h e  c o n diti o ns  u n d e r   w hi c h  c o m p uti n g  is   m a n uf a ct u r e d,  a  c ult u r al  a n al ysis  of  t h e  i d e ol o gi es  of

c o m p uti n g. ” K o h, s u p r a, n ot e 3 2, 4 0f. S e e als o:   M T e r r as, “ C o m p uters a n d t he Cl assics – ( S.) S c h r ei b m a n, ( R.) Si e m e ns,
(J.)   U ns w o rt h ( E d d.)   A C o m p a ni o n t o  Di git al   H u m a niti es. P p.   X x viii 6 1 1.   M al d e n,   M A,   O xf o r d a n d C a rlt o n,   Vi ct o ri a:
Bl a c k w ell  P u blis hi n g,  2 0 0 8.  P a p e r,  £ 2 9. 9 9, € 4 2  ( C as e d,  £ 1 0 5, € 1 4 7).  I S B N:  9 7 8- 1- 4 0 5 1- 6 8 0 6- 9  ( 9 7 8- 1- 4 0 5 1- 0 3 2 1- 3

H b k) ” ( 2 0 0 9)  5 9( 1)  T h e  Cl assi c al  R e vi e w 2 8 8– 9 0.  S e e  als o:   A  B u r di c k et  al, Di git al_ H u m a nities ( C a m b ri d g e,   M A,   MI T
P r ess  2 0 1 2).

3 4 R P  F e y n m a n, “ Si m ul ati n g  p h ysi cs   wit h  c o m p ut e rs ” ( 1 9 8 2)  2 1 I nt e r n ati o n al J o u r n al  of  T h e o r eti c al  P h ysi cs
4 6 7 – 8 8.

3 5 S e e: J B a r z e n, “ F r o m  Di git al   H u m a niti es t o   Q u a nt u m   H u m a niti es: P ot e nti als a n d   A p pli c ati o ns ” i n E R   Mi r a n d a,

Q u a nt u m  C o m p uti n g i n t he  Arts  a n d   H u m a nities:  A n I ntr o d ucti o n t o  C ore  C o nce pts,  T he or y  a n d  A p plic ati o ns ( N e w   Y o r k,
S p ri n g e r I nt e r n ati o n al  P u blis hi n g  2 0 2 2).

4 4 0   Ast ri d  B ötti c h e r et  al.
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q u a nt u m  al g o rit h ms  a r e  p r o b a bilisti c.   As  a  r es ult,  p att e r ns  a r e  r e c o g nis e d  t h r o u g h
c o nst a nt it e r ati o ns.  T h e r e a r e t hi n gs t h at q u a nt u m c o m p ut e rs c a n d o t h at  n o p r o b a bilisti c
q u a nt u m  c o m p ut e r  c a n  d o.   A n  e x a m pl e  of  t his  is  t h e  g e n e r ati o n  of  l o n g- r a n g e
e nt a n gl e m e nt,   w hi c h  c a n  b e  p r o v e n  t o  b e  i nf e asi bl e  t o  c a pt u r e   w h e n  usi n g  a  cl assi c al
q u a nt u m c o m p ut e r.  C o m p ut ati o n a n d s u r v e y st r at e gi es a r e c h a n gi n g a n d  n e w a p p r o a c h es
will  b e  d e v el o p e d.  T his  cl e a rl y  h as  a n  i m p a ct  t h at  j ustifi es  t h e  cl ai m  t h at  q u a nt u m
h u m a niti es  a r e  diff e r e nt f r o m  di git al  h u m a niti es. 3 6

A  r es e a r c h  fi el d  c a n n ot  b e  b as e d  s ol el y  o n  t h e  us e  of  a  d e vi c e  s u c h  as  t h e  q u a nt u m
c o m p ut e r  b e c a us e  t his   w o ul d  n ot  d o  j usti c e  t o  t h e  h u m a niti es  as  a   w h ol e.  T his  n e w
g e n e r ati o n  of t e c h n ol o gi es mi g ht le a d t o  n e w   m a c hi n es,  n e w  p r o c ess es,  n e w c ult u r es,  n e w
a cti viti e s, n e w k n o wl e d g e a n d  n e w i nstit uti o ns. It is a   w a v e of dis r u pti v e i n n o v ati o n i n t h e
d e e p-t e c h n ol o g y  s e ct o r,  a n d  it  is  o u r  r es p o nsi bilit y  t o  t est  t his  st at e m e nt  a n d   m a k e
s ci e ntifi c all y  g ui d e d  o bs e r v ati o ns  a b o ut  t his  c o u rs e  of  d e v el o p m e nt  a n d  its  p ossi bl e
si g nifi c a n c e.  T o d a y,   w e c a n s e e t h at t h e fi rst st e ps of de vel o p me nt c a n f oll o w t h e c o n diti o ns
of de vel o p me nt a n d e m e r g e n c e,   w e c a n d es c ri b e t h e fi rst i n n o v ati o ns a n d t h ei r si g nifi c a n c e
f o r a p plic ati o ns o r  t h ei r i m plic ati o ns o n  s o ci et y  a n d   w e  c a n reflect o n   w h at  t his  n e w
k n o wl e d g e   m e a ns.

II.   D efi ni n g  q u a n t u m  h u m a ni ti e s

T o d es c ri b e q u a nt u m  h u m a niti es a n d a r ri v e at a r es e a r c h  p r o g r a m m e,   w e   w a nt t o b e cl e a r
o n   w h at fi el ds   w e a r e i n cl u di n g i n t h e t e r m “ h u m a niti es ” . T h e h u m a niti es t y pi c all y i n cl u d e
hist o r y,  p hil os o p h y, r eli gi o us st u di es,   m o d e r n a n d a n ci e nt l a n g u a g es, lit e r at u r e, t h e vis u al
a n d  p e rf o r mi n g  a rts,   m e di a  a n d  c ult u r al  st u di es,  a r c h a e ol o g y,  a nt h r o p ol o g y,  p e d a g o g y,
h u m a n  g e o g r a p h y  a n d l a w,  a n d  s o m e  a d d  t h e   m u c h   m o r e  r e c e nt  p oliti c al  s ci e n c es  t h at
e m e r g e d  f r o m  p u bli c  l a w.  T h e  e xt e nt  t o   w hi c h  q u esti o ns  i n  t h e  h u m a niti es  a r e  als o
aff e ct e d  b y t h e  d e v el o p m e nt  of  q u a nt u m  c o m p uti n g is s h o w n, f o r  e x a m pl e,  b y  q u esti o ns
a b o ut  d e m o c r a c y i n t e c h n ol o g y,  as  dis c uss e d  b y  S es ki r  et  al. 3 7

Q u a nt u m  h u m a niti es  r e p r es e nt  a  r es e a r c h  p a r a di g m  t h at  is  i nt e r dis ci pli n a r y.   As
d es c ri b e d,  t h e  us e  of  q u a nt u m  c o m p ut e rs  c h a n g es  o u r   w o r ki n g   m o d es,  a n d  s o   w e  c a n
d e v el o p  n e w a p plic ati o ns wit hi n  t h e  h u m a niti es.  T h e r ef o r e,  n e w  a p pli c ati o ns  n e e d  t o  b e
p a rt  of  a  r es e a r c h  f r a m e w o r k.  If   w e  c o nsi d e r  t h e i m plic ati o ns of  q u a nt u m  t e c h n ol o g y i n
t e r ms of t h e f u n d a m e nt al q u esti o n s of t h e h u m a niti es (i e t h e et hi c al, t h e l e g al, t h e s o ci et al,
t h e  c ult u r al,  t h e  p oliti c al  a n d  e v e r y d a y  c o ns e q u e n c es),  t his  p r o vi d es  a  s e c o n d  st e p i n  a
f r a m e w o r k f o r a n e m e r gi n g r es e a r c h  p r o g r a m m e. I n t h e  h u m a niti es, t h e i nt e r p r et ati o n of
t e c h n ol o g y de v el o p me nt i n lit e r a r y,  a rtisti c,  g e n d e r  a n d  c ult u r al  c o nt e xts  a n d its  c riti c al
reflecti o n a r e i m p o rt a nt, b ut als o i n r el ati o n t o diff e r e nt p e ri o ds, p o w e r r el ati o ns o r c ult u r al
t r a diti o ns.  T h e  a n al ysis  of s o ci et al  d y n a mi cs  a n d st r u ct u r es i n r el ati o n t o t e c h n ol o g y, t h e
st u d y  of  t e c h n ol o g y  a c c e pt a n c e,  s o ci al  n et w o r ks  o r  t e c h n ol o g y-i n d u c e d  c h a n g es  i n
i nstit uti o ns,  n e w   w a ys  of  p r o d u ci n g  k n o wl e d g e  a n d  e x pl o ri n g  t h e  f o u n d ati o n s  of
k n o wl e d g e its elf  a r e  p ot e nti al fi el ds  of i nt e r est.

F o r  t h es e  r e as o ns,   w e  s u g g est  t h e f oll o wi n g  d efi niti o n  of  q u a nt u m  h u m a niti es:

Q u a nt u m  h u m a niti es  r e p r es e nt  a  r es e a r c h  p r o g r a m m e  b as e d  o n  t h e  d e v el o p m e nt
of  t h e  s e c o n d  q u a nt u m   w a v e  t h at  e n c o m p ass e s  t h e o ri es,  c o n c e pts  a n d  r efl e cti o ns
t h at   m a y  b e  b as e d  o n  q u a nt u m   m e c h a ni c s  b ut   w h o s e  r es e a r c h  f o c us  is  o n  t h e

3 6 R   D e   W olf, “ T h e  p ot e nti al i m p a ct  of  q u a nt u m  c o m p ut e rs  o n  s o ci et y ” ( 2 0 1 7)  1 9( 4)  Et hi cs  a n d I nf o r m ati o n
T e c h n ol o g y  2 7 1 – 7 6.

3 7 Z C S es ki r et al, “ D e m o c r ati z ati o n of q u a nt u m t e c h n ol o gi es ” ( 2 0 2 3) 8   Q u a nt u m S ci e n c e a n d  T e c h n ol o g y 2. S e e

als o:  R   O w e n,  P   M a c n a g ht e n  a n d  J  Stil g o e, “ R es p o nsi bl e  r es e a r c h  a n d i n n o v ati o n – f r o m  s ci e n c e i n  s o ci et y  t o
s ci e n c e f o r  s o ci et y,   wit h  s o ci et y ” ( 2 0 1 2)  3 9  S ci e n c e  a n d  P u bli c  P oli c y  7 5 1– 6 0.
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d e v el o p m e nts r el at e d t o t h e s e c o n d q u a nt u m   w a v e a n d t h e s o ci et y t h at e m e r g es   wit h
it.  T h e r ef o r e,  q u a nt u m  h u m a niti es i n cl u d es t h os e  h u m a niti es r es e a r c h e rs   w h o utilis e
q u a nt u m  t e c h n ol o g y  a m o n g  t h ei r   m et h o d ol o gi c al  i nst r u m e nts  o r  r efl e ct  o n  t h ei r
us a g e, as   w ell as t h os e   w h o e x a mi n e t h e s o ci o- c ult u r al i m pli c ati o ns r el at e d t o d e vi c es
of  t h e  s e c o n d  q u a nt u m   w a v e  o r  t h ei r  d e v el o p m e nt.

1.  F o ur  ar e as  of  r es e ar c h

R es e a r c h   wit hi n  q u a nt u m  h u m a niti es is  h el d t o g et h e r  b y  a  b r a c k et t h at  as ks “ h o w t hi n gs
a r e  d o n e  diff e r e ntl y ” a n d  s u bs e q u e ntl y “ h o w  t hi n gs  a r e  vi e w e d  diff e r e ntl y ” as   w ell  as
“ h o w  t h es e  a cti viti es  a r e i nstit uti o n all y  a r r a n g e d  diff e r e ntl y ” 3 8 w hil e l o o ki n g  at  d a y-t o-
d a y  s ci e ntifi c  p r a cti c e  ( a n d “ p att e r ns  of  [ ot h e r]  p r a cti c es ” ),  i nstit uti o n al “ r e gi m es  a n d
st yl es ” s u c h  as  t h e  o r g a nis ati o n  of  n e w i nstit uti o n al  st r u ct u r es,  r o uti n e  s el e cti o n  o r  t h e
d e v el o p m e nt  of  r ul es,  as   w ell  as  t h e “ c o nfi g u r ati o ns  of  v al u e d  si g ns  a n d  s y m b ol s ”
r e g a r di n g  t h e  s e c o n d   w a v e  of  q u a nt u m  i n n o v ati o n. 3 9 I n  t h e  s h o rt  t e r m,  a n d  es p e ci all y
gi v e n  t h e  n e w  e m e r g e n c e  of  t e c h n ol o g y  i n  its  e a rl y  d e v el o p m e nt al  st a g es,  q u a nt u m
h u m a niti es  als o  h as  a n i m p o rt a nt  r ol e t o  pl a y i n  e x a mi ni n g t h e  c h oi c es t h at  c o ul d  s et  a
c o u rs e f o r l at e r  d e v el o p m e nts. 4 0 T h e r ef o r e, t o  b e  a bl e t o  a n al ys e t h es e  c h oi c es  a n d t h ei r
c o ns e q u e n c es   w e   m ust  l o o k  at  t e c h n ol o g y  as  a  p r o c ess  f oll o wi n g  t h e  G r e e k  c o n c e pt  of
“ tec h n e” – d oi n g s o m et hi n g – t h at d es c ri b es a cti o n as a   m att e r, s u b di vi d e d i nt o t h r e e a r e as:
“ Fi rstl y, t h e  usi n g  h a n dli n g  of t h e t e c h ni c al  o bj e cti v ati o ns ( w o r k,  c o ns u m pti o n,  us e,  a n d
utilis ati o n), – s e c o n dl y,  t h e  g e n e r ati n g  h a n dli n g  ( p r o d u cti o n,  c o nst r u cti o n,  i n v e nti o n,
dis c o v e r y)  a n d – t hi r d, t h e  a cti viti es  of t h e t e c h ni c al  o bj e ct its elf ( o p e r ati o n,   m e c h a ni c al
p r o c ess es,  a ut o m atis ms). ” 4 1

W e   will  t a k e  u p  t h e  p r o c ess  o ri e nt ati o n,   w hi c h  li es i n  t h e  a n ci e nt  G r e e k  c o n c e pt,  t o
cl assif y  o u r f o u r  a r e as  of r es e a r c h.   As   w e  g o f o r w a r d, “ q u a nt u m  h u m a niti es ” will r ef e r t o
t h e  f oll o wi n g  f o u r  disti n ct  a r e as  ( Fi g. 1 ):  ( 1)  t h e a p plic ati o n of  q u a nt u m  al g o rit h ms  i n
t h e  h u m a niti es  o r  i n  s ci e n c es  t h at  b ri n g  a b o ut  k n o wl e d g e  t h at   will  ( 2)  all o w  t h e
h u m a niti es t o reflect o n its  us e  at  a t h e o r eti c al  a n d   m et h o d ol o gi c al l e v el,   w hi c h   will  als o
i n cl u d e  ( 3)  t h e  e v al u ati o n  of  t h e  s o ci et al,  c ult u r al  a n d  s o ci al i m plic ati o ns a n d  ( 4)  gi v e
i nsi g hts  i nt o  t h e de vel o p me nt of  r es e a r c h,  e d u c ati o n  o r  n ati o n al  i n n o v ati o n  s yst e ms  f o r
q u a nt u m  c o m p ut e rs. 4 2

3 8 Pl e as e  n ot e t h at   w e f oll o w  h e r e a  g e n e r al i nt e r p r et ati o n  of t h e i nstit uti o n as  d e v el o p e d  b y  E mil e  D u r k h ei m

t h at l at e r  h as  b e e n  us e d  a n d f u rt h e r  d e v el o p e d  b y  D C   N o rt h.
3 9 R a m m e rt,  s u p r a,  n ot e  5,  1 7 5.
4 0 T h e dis c ussi o n a b o ut t h e c o n n e cti o n b et w e e n d esi g n a n d c ult u r e s e es a l a r g e list of t h e o r eti c al i nt e r v e nti o ns.

S e e t h e  d esi g n f o r  v al u es  a p p r o a c h  h e r e:  D  C olli n g ri d g e, T he  S oci al  C o ntr ol  of  Tec h n ol o g y ( L o n d o n,  F r a n c es  Pi nt e r
1 9 8 0).  S e e  als o: J   H o v e n  et  al ( e ds), H a n d b o o k of  Et hics,  V al ues, a n d  Tec h n ol o gic al  Desi g n ( B e rli n,  S p ri n g e r  2 0 1 5).  S e e
als o:  B F ri e d m a n et al, “ V al u e s e nsiti v e  d esi g n a n d i nf o r m ati o n s yst e ms ” i n  P  Z h a n g a n d  D  G all ett a ( e ds), H u m a n –

C o m p uter I nter acti o n i n   M a n a ge me nt I nf or m ati o n S yste ms: F o u n d ati o ns ( A r m o n k,   N Y,   M. E. S h a r p e 2 0 0 6) p p 3 4 8– 7 2. T his
h as  als o  e nt e r e d  ot h e r  fi el ds  of  st u d y  s u c h  as  p oliti c al  g e o g r a p h y,   w h e r e  t h e  dis c ussi o n  a b o ut  t h e  d esi g n  of

s yst e ms  h as  b e e n  c o n n e ct e d t o  p oliti c al  p o w e r.
4 1 W  R a m m e rt, “ T h e  T e c h ni c al  C o nst r u cti o n  as  P a rt  of t h e  S o ci al  C o nst r u cti o n  of  R e alit y ” .  C o nf e r e n c e  p a p e r

p r es e nt e d at Ne w Pers pecti ves i n t he S oci ol o g y of  K n o wle d ge:  O n t he  Act u alit y of a  Rese arc h P ar a di g m.  T h o m as L uc k m a n n

o n  his  7 5t h  Birt h d a y ( K o nst a n z,  2 1  J u n e  2 0 0 2).  T e c h ni c al   U ni v e rsit y  B e rli n,  T e c h n ol o g y  St u di es   W o r ki n g  P a p e rs
T U T S- W P- 2- 2 0 0 2,  8.

4 2 Pl e as e  s e e  t h e  dis c ussi o n:   W  R a m m e rt, “ Wi e  di e  S o zi ol o gi e  z u r ‘k ü nstli c h e n  I nt elli g e n z ’ k a m;  ei n e  k u r z e
G es c hi c ht e  i h r e r  B e zi e h u n g ” i n  F   M u hl e  ( e d.), S ozi ale  R o b oti k:  Ei ne  s ozi al wisse nsc h aftlic he  Ei nf ü hr u n g ( B e rli n,
D e G r u yt e r 2 0 2 3). Pl e as e s e e als o:  A B ötti c h e r et al, “ R ef r a mi n g P oliti c al P o w e r i n t h e Di git al C o nst ell ati o n - T a ki n g

T e c h n o p oliti cs S e ri o usl y ” . F ut u r e L a w   W o r ki n g P a p e r 2, 2 0 2 3. F ut u r e L a w   W o r ki n g P a p e rs – U ni v e rsit ät I n ns b r u c k
< ui b k. a c. at > (l ast  a c c ess e d  2 9  S e pt e m b e r  2 0 2 3).

4 4 2   Ast ri d  B ötti c h e r et  al.
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III.   C o n t e n t s  of  t h e  a r e a s  of  r e s e a r c h

B y  p r es e nti n g  a  r es e a r c h  b o d y,   w e  f oll o w  t h e  c all  of  Pi et e r  E.   V e r m a as  t o  n o r m alis e
q u a nt u m t e c h n ol o g y. 4 3 D u e t o t h e b r e a dt h of dis ci pli n es a n d t o pi cs   w e a r e g r o u pi n g  u n d e r
t h e  u m b r ell a  of “ q u a nt u m  h u m a niti es ” , it is c riti c al t o  b e cl e a r  o n   w h at is i n cl u d e d  u n d e r
e a c h  a r e a  of  r es e a r c h  a n d its  c o ns e q u e n c es f o r t h e fi el d.

1.   A p pli c ati o ns

T h e   m ost st r ai g htf o r w a r d of all of o u r s u bfi el ds t o d efi n e is t h e a p pli c ati o ns – o r t h e us e of
q u a nt u m  c o m p uti n g  t o  e x pl o r e  h u m a niti es  q u esti o ns  a n d  p r o d u c e   w o r ks  i n  t h e
h u m a niti es.  I n  t his  s u bfi el d   w e  c o nsi d e r  t h e  f oll o wi n g  q u esti o ns:   w h at  ki n d  of  visi o ns
f o r a p pli c ati o ns c a n   w e  d e v el o p f o r t h e  h u m a niti es ?   H o w c a n   w e  us e  q u a nt u m c o m p uti n g
t o s ust ai n a bl y e n a bl e r es e a r c h i n t h e  h u m a niti es ?   W h at a p pli c ati o ns  d o e xist a n d  h o w a r e
t h e y  aff e ct e d  b y  ot h e r  s ci e n c es ?

Utilisi n g t h es e  q u esti o ns as a st a rti n g  p oi nt,   w e c a n al r e a d y r e p o rt  o n fi rst e x p e ri e n c es
i n  t h e  us e  of  q u a nt u m  c o m p uti n g  f o r  h u m a niti es- o ri e nt at e d  r es e a r c h  q u esti o ns.   M a n y
r es e a r c h e rs  h a v e  al r e a d y st a rt e d  e x p e ri m e nti n g  a n d  e v e n  p r o d u ci n g   w o r k i n  a  q u a nt u m-
n ati v e   m a n n e r  i n  t h e  h u m a niti es.  F o u r  p a rti c ul a r  fi el ds – m usi c,  vis u al  a rts,  l a n g u a g e
p r o c essi n g a n d   m a c hi n e l e a r ni n g – h a v e al r e a d y p ositi o n e d t h ei r r es e a r c h at t h e v a n g u a r d
of  t his  s u bfi el d,  t a ki n g  a d v a nt a g e  of  t h e  i nt e rs e cti o n  of  q u a nt u m  t e c h n ol o gi es  a n d  t h e
p r o d u cti o n  of  h u m a niti es- o ri e nt at e d  r es e a r c h  a n d  a rtisti c   w o r ks.  T h e  dis c u ssi o n  of  t h e

Fi g u r e  1. C o r e  el e m e nts  of  q u a nt u m  h u m a niti es.
S o urc e: Ast ri d  B ötti c h e r. D esi g n: G e r h a r d   Ki e g e rl.

4 3 P E   V e r m a as, “ T h e  s o ci et al  i m p a ct  of  t h e  e m e r gi n g  q u a nt u m  t e c h n ol o gi es:  a  r e n e w e d  u r g e n c y  t o   m a k e
q u a nt u m t h e o r y  u n d e rst a n d a bl e ” ( 2 0 1 7)  1 9  Et hi cs  a n d I nf o r m ati o n  T e c h n ol o g y  2 4 1– 4 6.
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a p pli c ati o ns  h e r e is  n ot   m e a nt t o b e e x h a usti v e b ut j ust t o gi v e a c u rs o r y vi e w of t h e   w a ys
i n   w hi c h  q u a nt u m  c o m p uti n g is  b ei n g  us e d i n  h u m a niti es- r el at e d  st u di es.

O n e  of  t h e  a p pli c ati o n fi el ds   wit h  a n i n c r e asi n g  n u m b e r  of i nt e r n ati o n al  c o nf e r e n c es
a n d   w o r ks is t h at of q u a nt u m   m usi c.   Q u a nt u m   m usi c  h as  diff e r e nt it e r ati o ns,  b ut   m ost t r y
t o  us e  q u a nt u m  p h e n o m e n a t o  e x pl o r e  s u p e r p ositi o n  a n d  ot h e r  c o n c e pts   wit hi n   m usi c al
t h e o r y.  S e v e r al   w o r ks  i n  t his  a r e a  a r e  e asil y  i d e ntifi a bl e,  s u c h  as  P ut z  a n d  S v o zil,   w h o
q u a ntis e d  a  pi a n o. 4 4 W h e n  a  cl assi c al   m usi c  a u di e n c e  h e a rs  t h e  q u a nt u m   m usi c al  st at e,
i n di vi d u al list e n e rs   m a y  p e r c ei v e t h e  s o u n d  v e r y  diff e r e ntl y.  T h at is, t h e y   will  h e a r  o nl y
o n e  of  t h e  diff e r e nt  t o n es  pl a y e d  b y  t h e  q u a ntis e d  pi a n o.  T o  b e  cl e a r,  t r ul y  q u a nt u m
m e c h a ni c al   m usi c   will  n e v e r  p r o d u c e  a  u nifi e d list e ni n g  e x p e ri e n c e – it is  q uit e  p ossi bl e
f o r  o n e  p a rt  of  t h e  a u di e n c e  t o  h e a r  diff e r e nt   m a nif est ati o ns  of  t h e  q u a nt u m
m usi c al  c o m p ositi o n  c o nsisti n g  of  diff e r e nt  s e q u e n c es  of  t o n es,  off e ri n g  p ossi biliti es f o r
al e at o ri cis m i n   m usi c.

I n  a d diti o n,  t h e  vis u al  a rts  a r e  e x pl o ri n g  t h e  q u a nt u m  fi el d.  E v e n  t h o u g h  q u a nt u m
h u m a niti es  h a v e  o nl y j ust  b e g u n  d efi ni n g t h e ms el v es  o v e r t h e l ast f o u r  y e a rs,  q u a nt u m-
i ns pi r e d  o r  q u a nt u m- b as e d  a rt  h as  b e e n  r e p r es e nt e d  i n  a rt  g all e ri es  si n c e  t h e  2 0 1 0s.
E x a m pl es  c a n  b e  s e e n  b y  t h e  p r oj e ct  b y   H ell e r,  S wist  a n d  T h o m as, 4 5 w hi c h  utilis e d
q u a nt u m  p h e n o m e n a g r a p hi c all y t o   m o d el k e y   w o r ks  of a rt a n d e x p r essi o n.   Ot h e rs i n t his
fi el d  h a v e  e m b a r k e d  o n f a r- r e a c hi n g  p r oj e cts  s u c h   Q u a nt u m  Ci n e m a ( 2 0 1 0– 2 0 1 3),   w hi c h
c o nti n u es t o b e e x p a n d e d o n b y c u r r e nt s ci e ntists t o e x pl o r e t h e c a p a biliti es of ill ust r ati n g
q u a nt u m  p h e n o m e n a  a n d  f o c usi n g  o n  t h e  vis u alis ati o n  of  t h r e e- di m e nsi o n al  a ni m at e d
g e o m et r y. 4 6

Q u a nt u m  c o m p ut ati o n  p r es e nts  a  n e w  o p p o rt u nit y  f o r  t h os e  e n g a g e d  i n  n at u r al
l a n g u a g e  p r o c essi n g  a n d   m a c hi n e  l e a r ni n g.  I n  t h e  c as e  of  n at u r al  l a n g u a g e  p r o c essi n g,
p r oj e cts a r e  u n d e r w a y s u c h as t h at  of  C o e c k e et al,   w h o  h a v e  d esi g n e d   w a ys t o “ s p e a k” i n
q u esti o n- a n d- a ns w e ri n g  f o r m ats  i n  a  q u a nt u m- n ati v e   m a n n e r   wit h  e xisti n g  q u a nt u m
c o m p ut e rs. 4 7 I n  t h e  c as e  of   m a c hi n e  l e a r ni n g,  p r oj e cts  s u c h  as   M U S E  ( m e nti o n e d
p r e vi o usl y)  h a v e  al r e a d y  s h o w n  t h e  utilit y  of i n c o r p o r ati n g  q u a nt u m   m a c hi n e  l e a r ni n g
w hil e  als o s etti n g  a  p r e c e d e nt f o r   w h e n  q u a nt u m  c o m p ut e rs s u r p ass t h e   NI S Q  p h as e  a n d
t h ei r   m a c hi n e l e a r ni n g c a p a biliti es s u r p ass t h os e of o u r   m o r e e r r o r- p r o n e di git al s yst e ms.
It  is  i m p o rt a nt  t o  n ot e  h e r e  t h at  l e a r ni n g   m at e ri als  a n d  i n d ust r y  r e q ui r e m e nts  h a v e
al r e a d y st a rt e d p us hi n g f o r t h e us e of q u a nt u m a p p r o a c h es t o   m a c hi n e l e a r ni n g d u e t o t h e
c u r r e nt st at e  of t h e a rtifi ci al i nt elli g e n c e ( AI) a n d  d e e p l e a r ni n g fi el ds,   w hi c h   m a y l e a d t o
e v e n   m o r e  c o m bi n e d  a p pli c ati o ns.

I n  a d diti o n t o j ust st ri ctl y  h u m a niti es   w o r k,  q u a nt u m  c o m p uti n g  h as st a rt e d  aff e cti n g
t h e o r eti c al  a n d  p r a cti c al  c o n c e r ns i n t h e fi el d  of l a w,  as  a r g u e d  b y   Ati k  a n d J e ut n e r.  F o r
e x a m pl e,  t h e  p h e n o m e n o n  of  s u p e r p ositi o n i n  q u a nt u m  c o m p uti n g   m a k es it  p ossi bl e  t o
m o d el  sit u ati o ns  i n   w hi c h  c e rt ai n  b e h a vi o u rs  a r e  b ot h  l e g al  a n d  ill e g al.  T his  c o ul d  b e
h el pf ul i n r es ol vi n g  n o r m ati v e c o nfli cts i n   w hi c h  diff e r e nt l e g al  n o r ms  o v e rl a p.   Q u a nt u m
c o m p uti n g  c o ul d  als o i m p r o v e t h e   m o d elli n g  of l e g al  p h e n o m e n a  s u c h  as  r ul e- e x c e pti o n
d y n a mi cs  a n d  f u z z y  l e g al  c at e g o ris ati o n s.  S p e cifi c  a p pli c ati o n  a r e as  f o r  q u a nt u m
c o m p uti n g  i n  l a w  i n cl u d e  o pti misi n g  l e g al  d e cisi o n- m a ki n g  p r o c ess es,  r e d u ci n g  t h e
b u r d e n  of  p r o of  a n d i m p r o vi n g   m a c hi n e l e a r ni n g i n t h e l e g al  c o nt e xt.  T h e  a ut h o rs  a r g u e
t h at  t w o  c o n c e pt u al  st e ps  a r e  n e c ess a r y  t o  e x pl o r e  t h e  l e g al  a p pli c a bilit y  of  q u a nt u m

4 4 V  P ut z  a n d  K  S v o zil, “ Q u a nt u m   m usi c ” ( 2 0 1 7)  2 1  S oft  C o m p uti n g  1 4 6 7– 7 1.
4 5 R  C r e as e, “ Q u a nt u m-I ns pi r e d   A rt ” (P h ysics   W orl d ,  2 0 1 5) < htt ps: / / p h ysi cs w o rl d. c o m / a / q u a nt u m-i ns pi r e d-

a rt / > (l ast  a c c ess e d  2 9  S e pt e m b e r  2 0 2 3).
4 6 R C Z   Q u e h e n b e r g e r, “ Q u a nt u m  Ci n e m a a n d   Q u a nt u m  C o m p uti n g ” i n  E R   Mi r a n d a ( e d.), Q u a nt u m  C o m p uti n g i n

t he  Arts  a n d   H u m a nities ( B e rli n,  S p ri n g e r  2 0 2 2).
4 7 B C o e c k e et al, “ H o w t o   M a k e   Q u bits S p e a k ” i n E R   Mi r a n d a ( e d.), Q u a nt u m C o m p uti n g i n t he  Arts a n d   H u m a nities

( B e rli n,  S p ri n g e r  2 0 2 2).

4 4 4   Ast ri d  B ötti c h e r et  al.
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c o m p uti n g.  Fi rst,  t h e  p r o bl e m  a r e as  i n   w hi c h  q u a nt u m  c o m p uti n g  e nj o ys “ q u a nt u m
d o mi n a n c e ” n e e d t o b e i d e ntifi e d. S e c o n d, t h es e i d e ntifi e d a r e as n e e d t o b e c o nsi d e r e d i n a
l e g al c o nt e xt.   H o w e v e r, t h e y e m p h asis e t h at t h e l e g al si g nifi c a n c e  of  q u a nt u m c o m p uti n g
will  b e  li mit e d  t o  a  s p e cifi c  s u bs et  of  l e g al  iss u es,  a n d  t h at   m a n y  iss u es  c a n n ot  b e
a d e q u at el y  a d d r ess e d  b y ( q u a nt u m)  c o m p ut ati o n al l a w. 4 8

I n t his  bri ef  o v er vi e w,   w e  c a n  o bs er v e t h at t h e  a p pli c ati o ns  of  q u a nt u m  c o m p uti n g  ar e
st e a dil y d e v el o pi n g t h os e fi el ds i n t h e h u m a niti es, a n d t his d e v el o p m e nt h as b e e n o n g oi n g f or
at l e ast a  d e c a d e i n s o m e  a r e as, s etti n g t h e f o u n d ati o ns f or   m or e  p er v asi v e tr a nsf or m ati o ns
a m o n g  h u m a niti es  a p pli c ati o ns i n t h e  c o mi n g  y e ars. I n  a d diti o n,  b y j oi ni n g t h e m  t o g et h er
u n d er t h e  u m br ell a s u bfi el d  of “ a p pli c ati o ns   wit hi n  q u a nt u m  h u m a niti es ” , f ut u r e a c a d e mi cs
will  b e  a bl e t o  dr a w  o n t h e  e x p e ri e n c es  a n d  e x pl or ati o ns  of t h eir  c oll e a g u es t o  d efi n e  a n d
d e v el o p s ai d fi el d   wit h o ut r e m ai ni n g i n t h eir t o pi c- b as e d b u b bl e. T his j oi ni n g als o pr es e nts a n
o p p ort u nit y f or  h u m a niti es r es e a r c h ers t o  b e c o m e   m or e i nf or m e d r e g ar di n g t h e i m p a cts  of
pr o vi di n g t h eir i nf or m ati o n i n a  q u a nt u m- n ati v e   m a n n er, i n cr e asi n g t h ei r i nt er a cti o ns   wit h
t h e  ot h er  ar e as  of t h e  q u a nt u m  h u m a niti es  h er e  s p e cifi e d.

2. I m pli c ati o ns

T h e  i d e ntifi c ati o n  of  s o ci et al  i m pli c ati o ns  is  a n  i m p o rt a nt  g o al  of  k n o wl e d g e  b e c a us e
a c hi e vi n g t his e n a bl es  us t o a d vis e o n t h e t r a n sf o r m ati o n al iss u es t h at t h e   w o rl d is f a ci n g.
A c c o r di n g  t o  R a m m e rt, 4 9 t e c h n ol o g y is  a  n at u r al  p a rt  of  o u r  s o ci al  st r u ct u r e – b e c a us e,
wit h o ut it, e nti r e  b r a n c h es  of s o ci et y c o ul d  n ot  b e  u n d e rst o o d at all.  T e c h n ol o gi es f o r m e d
i n d ust ri es  a n d  e c o n o mi c  s e ct o rs,  as   w ell  as  t e c h ni c al  i nf r ast r u ct u r e  s yst e ms,   w hi c h
t o g et h e r f o r m e d  t h e  t e c h n ost r u ct u r e  of  s o ci et y,  as   M a y nt z  e x pl ai n s. 5 0

Q u a nt u m  h u m a niti es  h a v e  t h ei r  p r a cti c al  f o c us  o n  s o ci al  o r d e ri n g.  K o r n w a c hs  a n d
St e p h a n 5 1 e x pl ai n t h at e v e r y  d e vi c e  h as a n  o r g a nis ati o n al s h ell.  T his c o nsists  of a n a cti o n
s yst e m a n d a f a ct u al s yst e m. T h e r ef o r e, t e c h n ol o g y a cts as a ki n d of t r a n s mitt e r f o r p e o pl e
a n d f o r s o ci et y  at t h e   m a c r o-,   m es o-  a n d   mi c r o-l e v el s.   Q u a nt u m t e c h n ol o g y i n  g e n e r al is
n e g oti at e d i n   m ulti pl e a r e n a s of o u r s o ci eti es, a n d it   mi g ht p r o v o k e n e w   m a r k ets, n e w j o bs,
n e w   w o r k,  n e w i nstit uti o ns,  n e w a rt,  n e w  p hil os o p hi es, i nstit uti o n al c h a n g e,  n e w ki n ds  of
p oli c y  a n d  r e g ul ati o n  a n d  t r a nsf o r m ati o n al  c h a n g es   wit hi n  t h e  c ult u r e. 5 2 M a n a gi n g
c o m pl e xit y  p oi nts  t o  t h e  f a ct  t h at   w e  a r e  o n  t h e  v e r g e  of  r e c o n cili n g  t h es e  v a ri o us
p e rs p e cti v es  as  a  l a r g e r   w h ol e  b e c a us e  t h e  i n di vi d u al  i nstit uti o ns,  f a ciliti es,  h a bits  a n d
d a y-t o- d a y  p r a cti c es a r e a ki n t o (s o m eti m es   mis m at c h e d) g e a rs t h at   m es h t o g et h e r. 5 3 T h e
f o c us is o n t h e pitf all s of t r a nsf o r m ati o n a n d t h e b e n efits of a d v a n c e m e nt a n d t r a nsiti o n al
a cti viti e s  i n  s o ci et y,  t estif yi n g  t o  t h e  t r a nsf o r m ati v e  p o w e r  of  q u a nt u m  c o m p uti n g  o r
p r o vi di n g e vi d e n c e t o t h e c o nt r a r y.  Pitf alls i n cl u d e, f o r i nst a n c e, i ns uffi ci e nt r e g ul ati o n, 5 4

a  l a c k  of  i nt e r n ati o n al  c o o r di n ati o n  r e gi m es, 5 5 i ns uffi ci e nt  d e m o c r ati s ati o n  i n  s ci e n c e,

4 8 J   Ati k  a n d   V  J e ut n e r “ Q u a nt u m  c o m p uti n g  a n d  c o m p ut ati o n al  l a w ” ( 2 0 2 1)  1 3( 2)  L a w,  I n n o v ati o n  a n d
T e c h n ol o g y  3 0 2 – 2 4.

4 9 R a m m e rt,  s u p r a,  n ot e  1 0,  4f.
5 0 R   M a y nt z, “ G r o ß e  T e c h nis c h e  S yst e m e  u n d i h r e  g es ells c h aftst h e o r etis c h e  B e d e ut u n g ” ( 1 9 9 3)  4 5( 1)  K öl n e r

Z eits c h rift f ü r  S o zi ol o gi e  u n d  S o zi al ps y c h ol o gi e  9 7 – 1 0 8.
5 1 K  K o r n w a c hs a n d P F St e p h a n, “ D as   M e ns c h- Di n g   V e r h ält nis ” i n   O   H e r z o g a n d  T S c hil d h a u e r ( e ds), I ntelli ge nte

O bje kte – Tec h nisc he  Gest alt u n g,   Wirtsc h aftlic he  Ver wert u n g,  Gesellsc h aftlic he   Wir k u n g,  ac atec h  dis k utiert ( B e rli n,
S p ri n g e r  2 0 0 9)  p  1 8.

5 2 F oll o wi n g t h e i nt e r p r et ati o n  of c ult u r e f r o m  Cliff o r d  G e e rt z  as  a s p e ci al “ f r a m e   wit h   w hi c h t hi n gs  a r e s e e n
diff e r e ntl y, t hi n gs a r e  d o n e diff e r e ntl y, a cti viti es a n d i nstit uti o ns a r e a r r a n g e d diff e r e ntl y ” , as  us e d b y  R a m m e rt,

s u p r a,  n ot e  5.  C  G e e rt z, Dic hte  Besc hrei b u n g ( B e rli n,  S u h r k a m p  1 9 8 3).
5 3 R a m m e rt,  s u p r a,  n ot e  1 0.
5 4 CJ   H o of n a gl e, L a w  a n d  P olic y i n t he  Q u a nt u m  A ge ( C a m b ri d g e,  C a m b ri d g e   U ni v e rsit y  P r ess  2 0 2 1).
5 5 W hit e   H o us e, “ N ati o n al  S e c u rit y   M e m o r a n d u m / N S M- 1 0 ” < htt ps: / / w w w. q u a nt u m. g o v /st r at e g y /

# S T R A T E G Y- D O C U M E N T S > (l ast  a c c ess e d  2 1  S e pt e m b e r  2 0 2 3).

E ur o pe a n J o ur n al  of  Ris k  Re g ul ati o n 4 4 5
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r ei nf o r ci n g  o r  c r e ati n g  a  bi as  a g ai nst   w o m e n  o r  ot h e r   mi n o riti es i n  t e c h n ol o g y  us e  a n d
dis c o u rs e 5 6 a n d  a l a c k  of  dis c ussi o n  of s e nsi bl e  e c o n o mi c i n v est m e nts 5 7 a n d t h e  p ot e nti al
us e  of  s u c h  t e c h n ol o g y. 5 8 T h e  r el ati o ns hi p  b et w e e n  t e c h n ol o g y  a n d  s o ci et y  is  as
m ultif a c et e d  as  h o w t e c h n ol o g y is  p e r c ei v e d, i nt e g r at e d  a n d  s h a p e d i n  diff e r e nt  s o ci et al
c o nt e xts.  T e c h n ol o g y  h as  t h e i n h e r e nt  a bilit y  t o  e x e rt i nfl u e n c e  a n d i m p a ct  o n  v a ri o us
as p e cts of s o ci et y, 5 9 t h e r e b y s h a pi n g a n d e n g a gi n g t h e fi el ds of t h e h u m a niti es. I n di vi d u als
a n d  c o m m u niti es  p e r c ei v e  t e c h n ol o gi es   wit hi n  s p e cifi c  s o ci al,  c ult u r al  a n d  hist o ri c al
c o nt e xts as t h es e t e c h n ol o gi es a r e i nt e g r at e d i nt o diff e r e nt a r e as of h u m a n a cti vit y s u c h as
e d u c ati o n,   w o r k,  h e alt h, c o m m u ni c ati o n  a n d l eis u r e.  T e c h n ol o g y aff e cts  p o w e r  d y n a mi cs,
s o ci al  i n e q u aliti es,  et hi c al  c o nsi d e r ati o ns  a n d  t h e  dist ri b uti o n  of  r es o u r c es,  a n d  t h es e
f a ct o rs  i nfl u e n c e  t h e  i nt e g r ati o n  of  t e c h n ol o g y  i nt o  h u m a n  a cti o n.  B y  e x a mi ni n g
c o nt e xt u al  el e m e nts  s u c h  as  o r g a nis ati o n al  st r u ct u r es,  l e g al  f r a m e w o r ks,  t e c h n ol o gi c al
i nf r ast r u ct u r es  a n d  c ult u r al  p r a cti c es,   w e  c a n  u n d e rst a n d  h o w  t h es e  f a ct o rs  s h a p e  t h e
a d o pti o n,  us e  a n d  i m p a cts  of  q u a nt u m  c o m p uti n g.  T h e  t e c h n ol o gi c al  s h ell  p r o vi d es  a
f r a m e w o r k f o r c o nsi d e ri n g t h es e   wi d e r i m pli c ati o ns of t his t e c h n ol o g y f o r t h e h u m a niti es.
T h r o u g h  t h e  t e c h n ol o gi c al  s h ell,   w e  p e r c ei v e  t h e  p e r v asi v e n ess  of  t h e  p ossi bl e  s o ci et al
c h a n g es.  T his  f r a m e w o r k  r e c o g nis es  t h e  i nt e r c o n n e ct e d n ess  a n d  i nt e r d e p e n d e n c e  of
diff e r e nt  as p e cts   wit hi n  t h e  h u m a niti es.

Fi g u r e 2 p r es e nts  t h e  t e c h n ol o gi c al  s h ell. 6 0 It  p r o vi d es  a n  o v e r vi e w  a n d  l o c at es  t h e
m ultif o r m  p r o c ess e s  a n d  n et w o r ks  t h at  o r g a nis e  t h es e  p r o c ess es,  b e  t h e y   milit a r y
a d v a nt a g es  o r  as p e cts i n t h e fi g ht  a g ai nst  gl o b al   w a r mi n g  o r c o n c r et e  p r o c ess es  a n d  n e w
i nf r ast r u ct u r es  ( e g  t h e   Q u a nt u m  I nt e r n et   Alli a n c e)  f o r  f u n d a m e nt all y  n e w   m et o h ds  of
c o m m u ni c ati o ns  b as e d i n  o r bit  o r  n e w  st a n d a r ds. 6 1

H o w e v e r,  t h e  t e c h n ol o gi c al  s h ell   m o d el  f ails  t o  c riti c all y  r efl e ct  o n  t h e  p a rti es  o r
s o ci et al  i n q ui ri es  t h at  a r e  i n cl u d e d  a n d  l eft  o ut  of  t h e  t e c h n ol o g y ’s  d esi g n.   A  r e c e nt
c oll a b o r ati o n  b et w e e n  St a nf o r d   U ni v e rsit y  a n d  t h e   U ni v e rsit y  of   O xf o r d i nt r o d u c e d  t h e
Q u a nt u m- E L S PI  r es e a r c h  f r a m e w o r k,   w hi c h  a n al ys es  q u a nt u m  t e c h n ol o gi es  i n  t h e
r es p o nsi bl e  r es e a r c h  a n d  i n n o v ati o n  f r a mi n g. 6 2 T h e  E L S PI   m et a- p a r a di g m  f o c us es  o n
p r e d efi n e d c at e g o ri es  of c h a n g e s u c h as t h e et hi c al, l e g al, s o ci al a n d  p oliti c al i m pli c ati o ns
of  q u a nt u m t e c h n ol o g y. It s h a r es s o m e  of t h e i nsi g hts  of t h e t e c h n ol o gi c al s h ell i n t h at it
r e c o g nis e s  t h e  i nt e r c o n n e ct e d n ess  a n d  i nt e r d e p e n d e n c e  of  t h e  v a ri o us  di m e n si o ns.

5 6 S es ki r  et  al,  s u p r a,  n ot e  3 7.
5 7 N   M o h r  et  al, “ M c Ki ns e y   Q u a nt u m  T e c h n ol o g y   M o nit o r ” (J u n e  2 0 2 2) < htt ps: / / w w w. m c ki ns e y. c o m / ∼ /

m e di a / m c ki ns e y / b usi n ess % 2 0f u n cti o ns / m c ki ns e y % 2 0 di git al / o u r % 2 0i nsi g hts / q u a nt u m % 2 0 c o m p uti n g % 2 0f u n di n g %

2 0r e m ai ns % 2 0str o n g % 2 0 b ut % 2 0t al e nt % 2 0 g a p % 2 0r ais es % 2 0 c o n c er n / q u a nt u m-t e c h n ol o g y- m o nit or. p df > (l ast  a c c ess e d
2 9  S e pt e m b e r  2 0 2 3).

5 8 C  T e n   H olt e r,  P I n gl es a nt  a n d   M Ji r ot k a “ R e a di n g t h e  r o a d – c h all e n g es  a n d  o p p o rt u niti es  o n t h e  p at h t o
r es p o nsi bl e i n n o v ati o n i n  q u a nt u m c o m p uti n g ” ( 2 0 2 1)  3 5  T e c h n ol o g y   A n al ysis a n d  St r at e gi c   M a n a g e m e nt  1.  S e e
als o:  S  C h e n, “ S h o ul d   W e  B uil d   Q u a nt u m  C o m p ut e rs   At   All ? – A   Q & A   wit h  E m m a   M c K a y,   Q u a nt u m  P h ysi cist

T u r n e d   Q u a nt u m  S k e pti c ” (A P S   Ne ws ,  S e pt e m b e r  2 0 2 2) < htt ps: / / w w w. a ps. o r g / p u bli c ati o ns / a ps n e ws / 2 0 2 2 0 9 /
b uil d- q u a nt u m. cf m > (l ast  a c c ess e d  2 9  S e pt e m b e r  2 0 2 3).

5 9 M  K o o p, “ Q u a nt u m E L S PI:   A   N o v el Fi el d of  R es e a r c h ” ( 2 0 2 3) < htt p: / /l a w.st a nf o r d. e d u / w p- c o nt e nt / u pl o a ds /

2 0 2 3 / 0 5 / K o p_ Q u a nt u m- E L S PI_ A- N o v el- Fi el d- of- R es e a r c h. p df > (l ast  a c c ess e d  2 9  S e pt e m b e r  2 0 2 3).
6 0 I n t his r e g a r d,   w e   m e et   wit h Eli n e d e J o n g,   w h o c h a r a ct e ris es q u a nt u m t e c h n ol o g y as a “ s yst e m t e c h n ol o g y ” .

H o w e v e r,  t h e  c h os e n  a p p r o a c h  is  g r o u n d e d  i n  a  diff e r e nt  r ati o n al e.  S e e:  E  d e  J o n g, “ O w n  t h e   U n k n o w n:
A n   A nti ci p at o r y   A p p r o a c h t o  P r e p a r e  S o ci et y f o r t h e   Q u a nt u m   A g e ” ( 2 0 2 2)  1  Di git al  S o ci et y  1 5.

6 1 A B ötti c h e r, “ Q u a nt u m T e c h n ol o g y – O u r S ust ai n a bl e F ut u r e ” [ D o c u m e nt a r y] ( 2 0 2 1) < htt ps: / / w w w. y o ut u b e.

c o m / w at c h ? v = i B 2_i b v E cs E> (l ast  a c c ess e d  1 7   O ct o b e r  2 0 2 3).  S e e  als o:  J  D a r g a n, “ Q u a nt u m  T e c h n ol o g y:   O u r
S ust ai n a bl e  F ut u r e – O n e   Y e a r   O n ” ( T he  Q u a nt u m I nsi der,  2 7 J ul y  2 0 2 2) < htt ps: / /t h e q u a nt u mi nsi d e r. c o m / 2 0 2 2 /

0 7 / 2 7 / q u a nt u m-t e c h n ol o g y- o u r-s ust ai n a bl e-f ut u r e- o n e- y e ar- o n / > (l ast  a c c ess e d  1 7   O ct o b e r  2 0 2 3).  S e e  als o:
v a n  D e v e nt e r  et  al,  s u p r a,  n ot e  1 6.

6 2 K o o p, s u p r a,  n ot e  5 9;.  S e e  als o:  E  d e J o n g  et  al, “ T o w a r ds  R es p o nsi bl e   Q u a nt u m  T e c h n ol o g y.  B e r k m a n  Kl ei n

P u bli c ati o n  S e ri es   M a r  2 1 ” ( 2 0 2 3) < htt ps: / / c y b e r. h a r v a r d. e d u / p u bli c ati o n / 2 0 2 3 /t o w a r ds- r es p o nsi bl e- q u a nt u m-
t e c h n ol o g y> (l ast  a c c ess e d  2 9  S e pt e m b e r  2 0 2 3).

4 4 6   Ast ri d  B ötti c h e r et  al.
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https://www.mckinsey.com/~/media/mckinsey/business%20functions/mckinsey%20digital/our%20insights/quantum%20computing%20funding%20remains%20strong%20but%20talent%20gap%20raises%20concern/quantum-technology-monitor.pdf
https://www.mckinsey.com/~/media/mckinsey/business%20functions/mckinsey%20digital/our%20insights/quantum%20computing%20funding%20remains%20strong%20but%20talent%20gap%20raises%20concern/quantum-technology-monitor.pdf
https://www.mckinsey.com/~/media/mckinsey/business%20functions/mckinsey%20digital/our%20insights/quantum%20computing%20funding%20remains%20strong%20but%20talent%20gap%20raises%20concern/quantum-technology-monitor.pdf
https://www.aps.org/publications/apsnews/202209/build-quantum.cfm
https://www.aps.org/publications/apsnews/202209/build-quantum.cfm
http://law.stanford.edu/wp-content/uploads/2023/05/Kop_Quantum-ELSPI_A-Novel-Field-of-Research.pdf
http://law.stanford.edu/wp-content/uploads/2023/05/Kop_Quantum-ELSPI_A-Novel-Field-of-Research.pdf
https://www.youtube.com/watch?v=iB2_ibvEcsE
https://www.youtube.com/watch?v=iB2_ibvEcsE
https://www.youtube.com/watch?v=iB2_ibvEcsE
https://thequantuminsider.com/2022/07/27/quantum-technology-our-sustainable-future-one-year-on/
https://thequantuminsider.com/2022/07/27/quantum-technology-our-sustainable-future-one-year-on/
https://cyber.harvard.edu/publication/2023/towards-responsible-quantum-technology
https://cyber.harvard.edu/publication/2023/towards-responsible-quantum-technology
https://doi.org/10.1017/err.2023.71


I n d e e d,  r es e a r c h e rs  a n d  p oli c y m a k e rs  c u r r e ntl y  q u esti o n  t h e  et hi c al  i m pli c ati o ns  of
a c c el e r ati n g  r at es  of  dis c o v e r y,  t h e  l e g al  o p p o rt u niti es  a n d  c h all e n g es  p os e d  b y  a
t e c h n ol o g y  t h at  p r o mis es  t o  r e n d e r  c u r r e nt  e n c r y pti o n  o bs ol et e,  t h e  li mit ati o ns  of
b uil di n g   w o r kf o r c es  u p o n  al r e a d y-st r atifi e d  s o ci eti es 6 3 a n d  t h e  c h all e n g es  t h at  t h e
t e c h n ol o g y  p os es  i n  t h e  i nt e r n ati o n al  a r e n a. 6 4 C o nt r a r y  t o  t h e  t e c h n ol o gi c al  s h ell ’s
d es c ri pti v e  a p p r o a c h,   Q u a nt u m- E L S PI  i nsists  t h at  q u a nt u m  t e c h n ol o gi es  a r e  i n d e e d
r e v ol uti o n a r y, a n ass e rti o n t h at j ustifi es i n q ui ri n g a b o ut t h e s o ci o- p oliti c al i m p a cts of s u c h
t e c h n ol o g y.

Q u a nt u m- E L S PI  r efl e cts  o n  s e v e r al  l a r g el y   missi n g  di m e nsi o ns  of  i n n o v ati o n  a n d
a c k n o wl e d g es t h e i nt e r d e p e n d e n c e b et w e e n s o ci et al a n d t e c h ni c al q u esti o ns. It als o t a citl y
r e-i nstit uti o n alis es t h e  a c c e pt a n c e t h at t h e r e is i n d e e d  a “ g o o d ” q u a nt u m- e n a bl e d  gl o b al
f ut u r e.   Q u a nt u m- E L S PI  cl ai ms  t h at  s u c h  a  f ut u r e is  d eli v e r a bl e  t h r o u g h  t h e  st u d y  of  o r
r efl e cti o n o n t h e i m pli c ati o ns of t h e t e c h n ol o g y   w hil e l e a vi n g u n p r o bl e m atis e d  n o r m ati v e
cl ai ms t h at q u a nt u m t e c h n ol o g y   will r e v ol uti o nis e t h e   w o rl d a n d b e n efit s o ci et y.   W e a r g u e
t h at   Q u a nt u m- E L S PI  p u bli cl y  p e rf o r ms  a   W est e r n  s o ci o-t e c h ni c al  i m a gi n a r y – a
c oll e cti v el y  h el d a n d i nstit uti o n all y st a bili s e d  n oti o n  of a “ g o o d ” s ci e n c e- e n a bl e d f ut u r e. 6 5

Fi g u r e  2. T h e t e c h n ol o gi c al  s h ell,  usi n g t h e  e x a m pl e  of  a  P C.
S o urc e: I nt elli g e nt e   O bj e kt e.   A c at e c h  dis k uti e rt.   G e r m a n   A c a d e m y  of  S ci e n c e  a n d  E n gi n e e ri n g.   A d a pt e d  b y   Ast ri d  B ötti c h e r.

6 3 S e e:   QI S T   W o r kf o r c e  D e v el o p m e nt < q u a nt u m. g o v > (l ast  a c c ess e d  2 9  S e pt e m b e r  2 0 2 3).
6 4 I n  t h e   U S A,  f o r  e x a m pl e,  q u a nt u m  c o m p uti n g  is  i n cl u d e d  i n  cl ai ms  t h at  C hi n a  is  i n v esti n g  i n  e m e r g e nt

t e c h n ol o gi es f o r   milit a r y  a n d ci vili a n i n c e nti v es – w h at t h e   U S  D e p a rt m e nt  of  St at e c alls  a   milit a r y – ci vil f usi o n.

Cl ai ms of s u c h a f usi o n a r e us e d t o b a n t h e p a rti ci p ati o n of  C hi n es e s ci e ntists i n t h e   U S q u a nt u m e c os yst e m – s e e
P r esi d e nti al  P r o cl a m ati o n  1 0 0 4 3 – a n d t o  b a n t h e  p a rti ci p ati o n  of   A m e ri c a n c o m p a ni es i n t h e  C hi n es e  q u a nt u m

m a r k et – s e e  P r esi d e nt  Bi d e n ’s  E x e c uti v e   O r d e r  o n  t his  iss u e: < htt ps: / / w w w.f e d e r al r e gist e r. g o v / d o c u m e nts /
2 0 2 3 / 0 8 / 1 4 / 2 0 2 3- 1 7 1 6 4 / p r o visi o ns- p e rt ai ni n g-t o- us-i n v est m e nts-i n- c e rt ai n- n ati o n al-s e c u rit y-t e c h n ol o gi es- a n d-
p r o d u cts-i n > (l ast  a c c ess e d  2 9  S e pt e m b e r  2 0 2 3).

6 5 S  J as a n off  a n d  K  S a n g- H y u n ( e ds), Dre a msc a pes  of   M o der nit y:  S oci otec h nic al I m a gi n aries  a n d t he  F a bric ati o n  of
P o wer ( C hi c a g o, I L;  o nli n e  e diti o n,  C hi c a g o  S c h ol a rs hi p   O nli n e,  2 1 J a n u a r y  2 0 1 6) < htt ps: / / d oi- o r g. e z p- p r o d 1. h ul.

E ur o pe a n J o ur n al  of  Ris k  Re g ul ati o n 4 4 7
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http://www.quantum.gov
https://www.federalregister.gov/documents/2023/08/14/2023-17164/provisions-pertaining-to-us-investments-in-certain-national-security-technologies-and-products-in
https://www.federalregister.gov/documents/2023/08/14/2023-17164/provisions-pertaining-to-us-investments-in-certain-national-security-technologies-and-products-in
https://www.federalregister.gov/documents/2023/08/14/2023-17164/provisions-pertaining-to-us-investments-in-certain-national-security-technologies-and-products-in
https://doi-org.ezp-prod1.hul.harvard.edu/10.7208/chicago/9780226276663.001.0001
https://doi.org/10.1017/err.2023.71


I n d e m o c r ati c   W est e r n s o ci eti es, k n o wl e d g e o r d e rs a r e s e e n as a ut h o rit ati v e, i n e vit a bl e
a n d  s e e mi n gl y  f a ct u al,   w hil e  s o ci et al  o r d e rs  a r e  s e e n  as  s u bj e cti v e,  c h a n g e a bl e  a n d
l e giti mis e d t h r o u g h cl ai ms  of  o bj e cti vit y. I n  ot h e r   w o r ds, s ci e n c e st a bili s es s o ci et y  b y t h e
c o nst a nt l e v e r a gi n g  of e x p e rti s e as  a f u n d a m e nt al  p a rt  of ci vi c lif e. 6 6 Si mil a rl y,   Q u a nt u m-
E L S PI cl ai ms t h at  q u a nt u m t e c h n ol o gi es st a n d t o  d eli v e r s o ci et all y i m p a ctf ul s ol uti o ns. It
als o  cl ai ms  t h at  q u a nt u m  t e c h n ol o gi es  c a n  i n d e e d  c h a n g e,  o r  e v e n  i m p r o v e,  s o ci et y
s yst e mi c all y, a n d t h at s u c h c h a n g e c a n  b e r e n d e r e d  b e n efi ci al t h r o u g h t h e st e e ri n g  of t h e
t e c h n ol o g y’s “ c o u rs e ” .   Q u a nt u m- E L S PI  s e es t h e  p r o bl e m  of  q u a nt u m i n n o v ati o n  as t o  b e
i nstit uti o n alis e d al o n g t h e li n es  of r es p o nsi bl e i n n o v ati o n – i n n o v ati o n t h at  n e e ds f u rt h e r
d e m ystifi c ati o n,  c o nt e xt u alis ati o n,  st a k e h ol d e r  e n g a g e m e nt,  r e g ul ati o n  a n d  st r at e gi c
p ositi o ni n g – r ei nf o r ci n g  n oti o ns  of “ g o o d ” h el d  b y   W est e r n  d e m o c r a ci es a n d st a k e h ol d e r
c a pit alis m. I n d e e d,  n oti o n s  of  d e m o c r a c y i n   Q u a nt u m- E L S PI  a p p e a r  o nl y i n  t h e  s e ns e  of
li b e r al  d e m o c r a ci es,  a n d  all  ot h e r  f o r ms  of  g o v e r n m e nts  a r e  r ef e r r e d  t o  as “ a ut h o rit a r-
i a n” .6 7 If   Q u a nt u m- E L S PI is  a n  e m e r g e nt f r a m e w o r k, it  e m e r g es f r o m  t h e  e xisti n g  s o ci al
o r d e rs of   W est e r n k n o wl e d g e st at es. It i nstit uti o n alis es h o w s u c h a “ g o o d ” q u a nt u m f ut u r e
is  t o  b e  p u rs u e d  vis- à- vis  a  r es e a r c h f r a m e w o r k.

Q u a nt u m h u m a niti es h a v e a diff e r e nt st a rti n g p oi nt of i n q ui r y. I nst e a d of ass u mi n g t h at
q u a nt u m t e c h n ol o gi es   will b e r e v ol uti o n a r y, 6 8 w e ass e rt t h at s u c h cl ai ms s e r v e t o st a bilis e
t h e i nstit uti o n alis ati o n of a f ut u r e   w hil e o bf us c ati n g s u c h a p u rs uit ’s u n c e rt ai nt y. T h u s, t h e
a n al ysis  of  q u a nt u m  h u m a niti es  e n c o m p ass e s  hi g hli g hti n g  t h e  c oll e cti v es   m a ki n g  s u c h
cl ai ms  a n d  u n d e r   w h at  a ut h o rit y,  a n d  t h e  cl ai ms ’ hist o ri cit y  a n d   m at e ri alit y.  T h e r ef o r e,
w e  a c k n o wl e d g e t h at  s o ci al  o r d e rs  a n d  q u a nt u m t e c h n ol o gi c al  o r d e rs  a r e  c o- p r o d u c e d. 6 9

T h at is,  q u a nt u m s ci e n c e a n d t e c h n ol o g y a r e  n ot   m e r el y st a bilis e rs  of a s o ci et y t h at f u n ds
t h ei r  d e v el o p m e nt,  b ut  si m ult a n e o usl y  t h e y  a r e  eff o rts  st a bilis e d  b y  s o ci al  o r d e rs  s u c h
as  t h os e  of   W est e r n li b e r al  d e m o c r a ci es  a n d  t e c h n ol o g y- c e nt ri c  n oti o ns  of  d e m o c r a c y. 7 0

F o r  q u a nt u m  h u m a niti es,  a “ g o o d ” f ut u r e  n e e d  n ot  b e  a c hi e v e d  t h r o u g h  q u a nt u m
t e c h n ol o gi es.  I nst e a d,  t h e  q u esti o n  of   w h et h e r  t h e r e  e xists  a  r e v ol uti o n a r y  o r “ g o o d ”
q u a nt u m f ut u r e,  a n d f o r   w h o m,  r e m ai ns  t o  b e  r es ol v e d.

W e a r g u e t h at n o q u a nt u m t e c h n ol o g y c a n b e s e p a r at e d f r o m t h e h u m a n, a n d t h e r ef o r e
a  h olisti c,  r efl e xi v e  a n d  s y m m et ri c  r es e a r c h  p r o g r a m m e  is  n e e d e d  t o  a n al ys e  h o w  it
i nfl u e n c es a n d is i nfl u e n c e d  b y  v a ri o us s o ci et al  b o di es, i nstit uti o ns, c ult u r al  p r a cti c es a n d
h u m a n e x c h a n g es. T h e h u m a niti es s h o ul d sit at t h e c e nt r e of   w h at   w as p r e vi o usl y b eli e v e d
t o  b e  t h e  p u r el y  t e c h ni c al  a g e n d a  of  q u a nt u m i n n o v ati o n.

h a r v a r d. e d u / 1 0. 7 2 0 8 / c hi c a g o / 9 7 8 0 2 2 6 2 7 6 6 6 3. 0 0 1. 0 0 0 1 > (l ast  a c c ess e d  1 8   A u g ust  2 0 2 3).  S e e  als o:  C  P al a ci os-
B e r r a q u e r o,  L   M u e c k  a n d  D M  P e rs a u d, “ I nst e a d  of ‘s u p r e m a c y’ us e ‘q u a nt u m a d v a nt a g e ’ ” ( 2 0 1 9)  5 7 6   N at u r e  2 1 3.
S e e  als o: I  D u r h a m,  D  G a rist o  a n d  K   Wi es n e r, “ P h ysi cists  n e e d t o  b e   m o r e  c a r ef ul   wit h  h o w t h e y  n a m e t hi n gs ”

(Scie ntific  A meric a n ,  2 0 2 1) < htt ps: / / w w w.s ci e ntifi c a m e ri c a n. c o m / a rti cl e / p h ysi cists- n e e d-t o- b e- m or e- c a r ef ul-
wit h- h o w-t h e y- n a m e-t hi n gs / > (l ast  a c c ess e d  2 9  S e pt e m b e r  2 0 2 3).

6 6 S J as a n off, Desi g ns  o n   N at ure:  Scie nce  a n d  De m ocr ac y i n  E ur o pe  a n d t he   U nite d  St ates ( P ri n c et o n,   NJ,  P ri n c et o n

U ni v e rsit y  P r ess  2 0 0 5).
6 7 M  K o o p, “ Q u a nt u m- E L S PI:   A   N o v el  Fi el d  of  R es e a r c h ” ( 2 0 2 3)  2  Di git al  S o ci et y  2 0.  P a g e  1 4 st at es: “ Gi v e n t h e

r e alit y  of  a  r a c e  f o r  t e c h n ol o gi c al  s u p r e m a c y  b et w e e n  s yst e mi c  ri v als   wit h  i n c o m p ati bl e  i d e ol o gi es,  it  is  n ot
i n c o n c ei v a bl e t h at t h e  d e v el o p m e nt  a n d  u pt a k e  of t r a ns n ati o n al  q u a nt u m  p ri n ci pl es   will r u n  al o n g t h e li n es  of
d e m o c r ati c  a n d  a ut h o rit a ri a n  t e c h n ol o g y  g o v e r n a n c e   m o d els.   A g ai nst  t h at  b a c k g r o u n d,  h o w  c a n   w e  e m b e d

li b e r al- d e m o c r ati c v al u es i n gl o b all y a c c e pt e d h u m a n ri g hts s e nsiti v e i nt e r o p e r a bilit y st a n d a r ds a n d p r ot o c ols f o r
t his  c utti n g- e d g e  t e c h n ol o g y,  i n cl u di n g  q u a nt u m- m a c hi n e  l e a r ni n g  h y b ri ds ? ” T his  l a n g u a g e  r efl e cts  a  f als e

di c h ot o m y  b et w e e n  d e m o c r ati c  a n d  a ut h o rit a ri a n   w a ys  of  g o v e r ni n g.
6 8 d e J o n g,  s u p r a,  n ot e  6 0.
6 9 S  J as a n off, “ T h e  i di o m  of  c o- p r o d u cti o n ” i n  S  J as a n off  ( e d.) St ates  of  K n o wle d ge ( L o n d o n,  R o utl e d g e  2 0 0 4)

p p  1 – 1 2.
7 0 S es ki r  et  al,  s u p r a,  n ot e  3 7.

4 4 8   Ast ri d  B ötti c h e r et  al.
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3.   R efl e cti o ns

Q u a nt u m  c o m p uti n g  as  k n o wl e d g e- m a ki n g   m a y  p os e  i m p o rt a nt  s o ci et al  q u esti o ns  t o
r efl e ct  o n.  F r o m  a n  o pti mis ati o n  p e rs p e cti v e,  t h e y   m a y  s ol v e  p r e vi o usl y  i nt r a ct a bl e
p r o bl e ms  c o n c e r ni n g  c o m pl e x  n et w o r k s.  F r o m  a n   AI  p e rs p e cti v e,  t h e y   m a y  e n a bl e
si g nifi c a nt i n c r e as e s i n s p e e d i n l a n g u a g e  p r o c essi n g.  F r o m  a   m at e ri als  p e rs p e cti v e, t h e y
m a y e n a bl e b r e a kt h r o u g hs i n t h e d esi g n of cl e a n e n e r g y alt e r n ati v es.   As a r es ult,   w e   mi g ht
b e  a bl e t o  as k:   w h at c a n   w e  k n o w ?   H o w c a n   w e  a c q ui r e ne w or  acceler ate d k n o wl e d g e ?  F o r
w h o m  is  t his  k n o wl e d g e  i m p o rt a nt ?   W h o  is  b ei n g  l eft  o ut  of  k n o wi n g ?   W h at  p o w e r
r el ati o ns  a r e  b uilt  u p  a n d  f u rt h e r  est a blis h e d ?   A n d  h o w  a r e  i n e q u aliti es  t r a nsf o r m e d ?
T h e r ef o r e,  q u a nt u m  h u m a niti es  a r e  u ni q u el y  p ois e d t o st u d y t h e   m et h o ds,  p r o c ess e s  a n d
i m pli c ati o n s of k n o wl e d g e- m a ki n g t h r o u g h q u a nt u m c o m p ut e rs. P ut diff e r e ntl y, r efl e cti n g
o n  q u a nt u m  c o m p uti n g ’s   m et h o ds,  p r o c ess es  a n d i m pli c ati o n s   m a y s h e d li g ht  o n  c u r r e nt
u n c o mf o rt a bl e  t r ut hs,  ass u m pti o ns  a n d  v al u es.  Gi v e n  t h at  q u a nt u m  c o m p uti n g  is i n  its
e a rl y  st a g es,  r efl e cti n g  o n  t h es e  v al u es,  ass u m pti o ns  a n d  pitf all s   m a y  alt e r  t h e   w a ys i n
w hi c h t h e t e c h n ol o g y is i m pl e m e nt e d a n d t h e k n o wl e d g e   w e d e ci d e t o p u rs u e.   W h et h e r   w e
t r ust a  q u a nt u m c o m p ut e r’s  o ut p ut – o r s e e  o u r r es e a r c h  p ri o riti es as  q u esti o n a bl e  d u e t o
t h e  p r o b a bilisti c  n at u r e  of   m e as u r e m e nts – m a y  t ell  us   m u c h  a b o ut  t h e  v al u es  a n d
ass u m pti o ns  t h at  o u r  s o ci et y  c o m es t o li v e  b y 7 1 :

[ T] h es e  t e c h n ol o gi es   will  r e q ui r e  t h e  a c c e pt a n c e  of  s o m e  n e w  c o n c e pt s  a b o ut  t h e
n at u r e of r e alit y. I a m  h o p ef ul t h at at l e ast s o m e   will a c c e pt t h es e  n e w c o n c e pts, fi n d
t h e m  a p p e ali n g,  a n d  t h ri v e   wit h  t his  n e w  k n o wl e d g e. 7 2

R efl e cti o ns  o n met h o ds a r e  of  p r a cti c al  i m p o rt a n c e  as  t his  t e c h n ol o g y  b e c o m es  a
r es e a r c h  t o ol.  Di git al  h u m a niti es  e m p h asis e  q u a ntit ati v e  r es e a r c h  i nt o  t h e  r es e a r c h
li mit ati o ns  a n d  o p p o rt u niti es  of  cl assifi c ati o n,  cl ust e ri n g  a n d  d at a  r e d u cti o n7 3 a n d
t h e  i m p o rt a n c e  of  att e n di n g  t o  t h e   w a ys  i n   w hi c h  l a r g e  a m o u nts  of  d at a  a r e  o bt ai n e d
a n d  p r o c ess e d. 7 4 Si mil a rl y,  r e p osit o ri es  of  q u a nt u m  n at u r al  l a n g u a g e  p r o c essi n g
e x e m plif y  e a rl y  e q ui v al e nt  p r o bl e m atis ati o ns. 7 5 E a rl y  q u a nt u m  c o m p uti n g  r e q ui r es
cl assi c al  v e rifi c ati o n  t o  b e  t r ust w o rt h y.  T his  v e rifi c ati o n  d e m a n ds  t h e  p r o c essi n g  of
i ns u r m o u nt a bl e  a m o u nts  of  d at a,  as  s h o w n  i n  G o o gl e’s  e x p e ri m e nt  cl ai mi n g  q u a nt u m
“ s u p r e m a c y ” .7 6 S u c h  p r o c essi n g is  n ot  s c al a bl e,  r es ulti n g i n  q u a nt u m  e x p e rts  d esi g ni n g
c ult u r al  n o r ms  f o r  cl ai mi n g  t r ust w o rt h y  r es ults  i n  t h e  p r es e n c e  of  s m all e r  d at as ets 7 7

7 1 A n  e x a m pl e  c a n  b e  f o u n d  i n:  S  Is hi k a w a, “ Li n g uisti c  C o p e n h a g e n  I nt e r p r et ati o n  of   Q u a nt u m   M e c h a ni cs:
Q u a nt u m  L a n g u a g e ” ( 2 0 1 9)  K S T S / R R- 1 9 / 0 0 3,  R es e a r c h  R e p o rt,  D e p a rt m e nt  of   M at h e m ati cs,  K ei o   U ni v e rsit y,

Y o k o h a m a < htt p: / / w w w. m at h. k ei o. a c.j p / a c a d e mi c / r es e a r c h_ p df / r e p o rt / 2 0 1 9 / 1 9 0 0 3. p df > (l ast  a c c ess e d  2 9
S e pt e m b e r  2 0 2 3).

7 2 D P   Di Vi n c e n z o, “ S ci e ntists  a n d  citi z e ns:  g etti n g t o  q u a nt u m t e c h n ol o gi es ” ( 2 0 1 7)  1 9  Et hi cs i n I nf o r m ati o n

T e c h n ol o g y  2 4 7 – 5 1.
7 3 M   W ei c h b ol d et al, “ P ot e nti al a n d Li mits  of   A ut o m at e d  Cl assifi c ati o n  of  Bi g  D at a:   A  C as e St u d y ” ( 2 0 2 0) 4 5( 3)

Hist o ri c al  S o ci al  R es e a r c h  2 8 8 – 3 1 3.  S e e  als o:  S  G u pt a, “ A ut o m at e d  T e xt  Cl assifi c ati o n   Usi n g   M a c hi n e  L e a r ni n g ”

(T o w ar ds  D at a  Scie nce ,  2 0 1 8) < htt ps: / /t o w a r ds d at as ci e n c e. c o m / a ut o m at e d-t e xt- cl assifi c ati o n- usi n g- m a c hi n e-
l e a r ni n g- 3 df 4f 4f 9 5 7 0 b> (l ast  a c c ess e d  2 9  S e pt e m b e r  2 0 2 3).

7 4 N  B a u r et al, “ T h e   Q u alit y of Bi g  D at a -  D e v el o p m e nt, P r o bl e ms, a n d P ossi biliti es of   Us e of P r o c ess- G e n er at e d
D at a i n t h e  Di git al   A g e ” ( 2 0 2 0)  4 5( 3)   Hist o ri c al  S o ci al  R es e a r c h  2 0 9– 4 3.

7 5 Y  Z h a n g  et  al, “ A  q u a nt u m-i ns pi r e d   m ulti m o d al s e nti m e nt  a n al ysis f r a m e w o r k ” ( 2 0 1 8)  7 5 2( 1 5)  T h e o r eti c al

C o m p ut e r  S ci e n c e  2 1 – 4 0.  S e e  als o:  S  S hi r o,  R es e a r c h  R e p o rt,  K ei o   U ni v e rsit y,  D e pt.   M at h.  K S T S / R R- 1 8 / 0 0 2,
2 2   N o v e m b e r 2 0 1 8 < htt p: / / w w w. m at h. k ei o. a c.j p / a c a d e mi c / r es e a r c h_ p df / r e p o rt / 2 0 1 8 / 1 8 0 0 2. p df > (l ast a c c ess e d

2 9  S e pt e m b e r  2 0 2 3).
7 6 F   A r ut e  et  al, “ Q u a nt u m  s u p r e m a c y  usi n g  a  p r o g r a m m a bl e  s u p e r c o n d u cti n g  p r o c ess or ” ( 2 0 1 9)  5 7 4( 7 7 7 9)

N at u r e  5 0 5 – 1 0.
7 7 S   A a r o ns o n, “ S h a d o w t o m o g r a p h y of q u a nt u m st at es ” i n Pr ocee di n gs of t he 5 0t h  A n n u al A C M SI G A C T S y m p osi u m

o n  T he or y  of  C o m p uti n g ( N e w   Y o r k,   Ass o ci ati o n f o r  C o m p uti n g   M a c hi n e r y  2 0 1 8)  p p  3 2 5– 3 8.

E ur o pe a n J o ur n al  of  Ris k  Re g ul ati o n 4 4 9
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o r  h a r d w a r e  n ois e. 7 8 Q u a nt u m  h u m a niti es   m a y st u d y t h e  p r a cti c al c o nst r u cti o n  of  n o r ms,
t h e  p o w e r  d y n a mi cs  of  t h ei r  st a bili s ati o n  a n d   w h at  t h es e  n o r ms   m a y  t ell  us  a b o ut
cl assi c al  d at a.

R efl e cti o ns  o n pr ocesses m a y s h e d li g ht  o n  h o w  q u a nt u m- e n a bl e d  k n o wl e d g e  c o m es t o
b e k n o w n.  T h es e r efl e cti o ns  n e e d  n ot b e i nf o r m e d b y t h e   mi n ut e d et ails of t h e t e c h n ol o g y,
b ut t h e y   m a y  n e e d  g e n e r al  k n o wl e d g e  of t h e t e c h n ol o g y ’s  u n d e r pi n ni n gs  o r t h e  st at e  of
t h e  a rt.7 9 O n e  of  t h e   m ost  si g nifi c a ntl y  diff e r e nt  c o n c e pt s  of  q u a nt u m  t e c h n ol o gi es  t h at
di git al t e c h n ol o gi es d o n ot o n b o a r d is t h e li n k b et w e e n q u a nt u m   m e c h a ni cs a n d t h e n at u r e
of  r e alit y.   O nt ol o gi c al  t h e o ri es  of  n at u r e  r es ulti n g  f r o m  q u a nt u m   m e c h a ni cs  h a v e
si g nifi c a nt  i m pli c ati o ns  f o r  o u r  u n d e rst a n di n g  of  s p a c e  (t el e p o rt ati o n 8 0 ),  ti m e  (ti m e
r e v e rs al al g o rit h ms 8 1 ) a n d   m att e r ( q u a nt u m d ots8 2 ).   At its c o r e, t h e r ef o r e, t h e st u d y of t h e
p h e n o m e n o n is  t r a ns dis ci pli n a r y   w o r k.

R efl e cti o ns  o n  n e w k n o wle d ge n e e ds  t o f o c us  b ot h  o n  t h e  u ni q u e i m p a cts  of  q u a nt u m
c o m p ut e rs a n d o n t h e i m p a cts q u a nt u m t e c h n ol o g y h as   w h e n assisti n g ot h e r t e c h n ol o gi es.
F o r e x a m pl e, q u a nt u m c o m p ut e rs   m a y r e n d e r c u r r e nt e n c r y pti o n o bs ol et e, 8 3 a n d t h e y   m a y
als o i m p a ct t h e  us e  of s yst e ms  of s u r v eill a n c e t h r o u g h  q u a nt u m- a ssist e d   AI. 8 4 As a r es ult,
t h e  e pist e m ol o gi es t h at  a r e  s u p p o rt e d  a n d  c h a n g e d  b y  q u a nt u m t e c h n ol o g y  c o ul d  aff e ct
h u m a n c o e xist e n c e a n d i m p a ct t h e  h u m a niti es a n d s o ci al s ci e n c es.  T his  di m e nsi o n  of  n e w
k n o wl e d g e  c o ul d  b ri n g  us, f o r i nst a n c e, t o  r e vis e  o u r   m o d els  a n d  ass u m pti o ns  r e g a r di n g
r es o u r c es i n g a m e t h e o r y.  T his fi el d als o i n cl u d es t h e   m e as u r e m e nt of s u c c ess, s u c h as t h e
a n al ysis  of  p at e nts fil e d   w o rl d wi d e  a n d  t h e  q u alit y  of  t h os e  p at e nts,  as  c o m p etiti o n is  a
m ai n f o r c e   wit hi n  t his  d e v el o p m e nt. 8 5

As n ot e d a b o v e, q u a nt u m t e c h n ol o gi es   m a y l e a d t o r efl e cti n g o n t h e o nt ol o g y of n at u r e,
d at a a n d e pist e m ol o g y.  T his li n e of q u esti o ni n g   m a k es q u a nt u m h u m a niti es diff e r e nt f r o m
di git al  h u m a niti es. 8 6

F o r e x a m pl e, e v e r si n c e t h e d e v el o p m e nt of  q u a nt u m   m e c h a ni cs i n t h e e a rl y t w e nti et h
c e nt u r y, s ci e nti sts a n d p hil os o p h e rs h a v e i nt e ns el y d e b at e d   w h at q u a nt u m   m e c h a ni cs t ells
us  a b o ut  t h e  n at u r e  of  r e alit y.   O n e  d o mi n a nt  vi e w  is  t h e  s o- c all e d  C o p e n h a g e n
I nt e r p r et ati o n  ( CI),   w hi c h  p r o p o s es  t h at  r e alit y  is  c h a n g e d  b y  h u m a n  a n d  n o n- h u m a n
o bs e r v ati o n t h r o u g h t h e s o- c all e d   w a v ef u n cti o n c oll a ps e. 8 7 T h e CI   w as fi rst s u m m a ris e d b y
B o h r,   W ei g n e r a n d   H eis e n b e r g,   w h o cl ai m e d it as a n i n dis p ut a bl e i nt e r p r et ati o n  of r e alit y

7 8 X  G a o et al, “ Li mit ati o ns of li n e a r c r oss- e nt r o p y as a   m e as u r e f o r q u a nt u m a d v a nt a g e ” ( 2 0 2 1) a r Xi v p r e p ri nt

a r Xi v: 2 1 1 2. 0 1 6 5 7 .
7 9 W   V o g d, Q u a nte n p h ysi k  u n d S ozi ol o gie i m  Di al o g – Betr ac ht u n ge n z u  Zeit,  Be o b ac ht u n g  u n d  Versc hr ä n k u n g ( B e rli n,

S p ri n g e r  S p e kt r u m  2 0 2 0).
8 0 S L N   H e r m a ns et al, “ Q u bit t el e p o rt ati o n b et w e e n n o n- n ei g h b o uri n g n o d es i n a q u a nt u m n et w o r k ” ( 2 0 2 2) 6 0 5

N at u r e  6 6 3 – 6 8.
8 1 G B L es o vi k, “ A r r o w of ti m e a n d its r e v e rs al o n t h e I B M q u a nt u m c o m p ut e r ” ( 2 0 1 9) 9   N at u r e S ci e ntifi c R e p o rts

4 3 9 6.
8 2 P   Mi c hl e r, “ V e rs c h r ä n kt i m   Q u a nt e n p u n kt ” ( 2 0 1 3)  1 2( 1)  P h ysi k J o u r n al  1 8– 1 9.
8 3 V   M a v r o ei dis  et  al, “ T h e i m p a ct  of  q u a nt u m  c o m p uti n g  o n  p r es e nt  c r y pt o g r a p h y ” ( 2 0 1 8)  a r Xi v  p r e p ri nt

a r Xi v: 1 8 0 4. 0 0 2 0 0 .
8 4 V   D u nj k o  a n d   HJ  B ri e g el “ M a c hi n e l e a r ni n g   &  a rtifi ci al i nt elli g e n c e i n  t h e  q u a nt u m  d o m ai n:  a  r e vi e w  of

r e c e nt  p r o g r ess ” ( 2 0 1 8)  8 1( 7)  R e p o rts  o n  P r o g r ess i n  P h ysi cs  0 7 4 0 0 1.
8 5 Z C S es ki r a n d  K W   Will o u g h b y, “ Gl o b al i n n o v ati o n a n d c o m p etiti o n i n  q u a nt u m t e c h n ol o g y, vi e w e d t h r o u g h

t h e  l e ns  of  p at e nts  a n d  a rtifi ci al  i nt elli g e n c e” ( 2 0 2 3)  1 3( 1)  I nt e r n ati o n al  J o u r n al  of  I nt ell e ct u al  P r o p e rt y
M a n a g e m e nt  4 0.

8 6 Di git al  h u m a niti es  a r e   m ai nl y  d es c ri b e d  as  a  s e ri es  of  di git al   m et h o ds:  T e r r as,  s u p r a,  n ot e  3 3.  S e e  als o:

B u r di c k  et  al,  s u p r a,  n ot e  3 3.
8 7 H P  St a p p, “ T h e  C o p e n h a g e n I nt e r p r et ati o n ” ( 1 9 7 2)  4 0( 8)   A m e ri c a n J o u r n al  of  P h ysi cs  1 0 9 8– 1 1 6.

4 5 0   Ast ri d  B ötti c h e r et  al.
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at  t h e  1 9 2 7  S ol v a y  C o nf e r e n c e. 8 8 T his  p r o cl a m ati o n   w as  s o  a ut h o rit ati v e  t h at  diff e r e nt
i nt e r p r et ati o n s (“ pil ot- w a v e ” ,  p r o p os e d  b y  d e  B r o gli e8 9 ;  a n d “ m a n y- w o rl ds ” ,  p r o p os e d  b y
E v e r ett a n d  D e uts c h 9 0 ) r e m ai n l a r g el y  u n d e rst u di e d, e v e n t h o u g h t h e y a r e c o nsist e nt   wit h
e x p e ri m e nt al  o ut c o m es. 9 1

Al b e rt  Ei nst ei n c all e d t h e  CI  p a r a d o xi c al  a n d  a n “ i n c o m pl et e” t h e o r y  as it  vi ol at e d t h e
ass u m pti o ns  of  r e alis m  a n d l o c alit y  t h at  Ei nst ei n ’s  o w n  t h e o r y  of  r el ati vit y  r est e d  o n. 9 2

I n 1 9 6 4, p h ysi cist J o h n B ell t h e o ris e d a n e x p e ri m e nt – c all e d a n “ i n e q u alit y” – t h at, i n 1 9 7 2,
p r o v e d  t h at  Ei nst ei n ’s  ass u m pti o n  of  l o c alit y  is  i n c o m p ati bl e   wit h  e x p e ri m e nt al
o bs e r v ati o ns.   H o w e v e r,  B ell  als o  r e alis e d  t h at  his  i n e q u alit y,   w hil e  n ot  v ali d ati n g  t h e
CI,  c o nst r ai n e d  it  t o  b ei n g  n o n-l o c al  a n d  n o n- r e al.  T h at  is,  a n  o bj e ct  is  p e r c ei v e d  b y
m e as u ri n g it   m a n y  ti m es,  b ut it  c a n  n e v e r  b e  s e e n  as it re all y is.

Ot h e r i nt e r p r et ati o ns, s u c h as t h e pil ot- w a v e i nt e r p r et ati o n, p r o p os e t h at r e alit y e xists,
b ut   w e j ust c a n n ot  o bs e r v e it  di r e ctl y – t h es e a r e  oft e n c all e d o nt ol o gic al t he ories .  R e c e ntl y,
c o nst r u ct o r  t h e o r y  h as  b e e n  d e v el o p e d. 9 3 R e g a r dl ess  of  t his  dis c r e p a n c y,  t h e  b eli ef  i n
q u a nt u m   m e c h a ni c s  as  a n  e pist e mi c  t h e o r y  h as i m p a ct e d  t h e   w a y  p e o pl e  s e e  t h e   w o rl d
t o d a y.9 4 If q u a nt u m   m e c h a ni cs as a n e pist e mi c t h e o r y is a c c e pt e d, t h e n   w h at d o   w e d e ci d e
t o  k n o w  n e xt,   wit h o ut  l o o ki n g  f o r  a n  o bj e cti v e  a ns w e r  b ut  f o r  a  cl e a r e r  visi o n  of  t h e
f ut u r e ?9 5 F o r  s o m e,  t h e  f ut u r e  is  o n e   wit h o ut  q u a nt u m  c o m p ut e rs 9 6 ;  f o r  ot h e rs,  it  is  a
f ut u r e   wit h  q u a nt u m  c o m p ut e rs  d e v el o p e d f o r  o nl y  s o ci all y  v al u e d i n d ust ri es – s u c h  as

8 8 J G  P e rill a n, Scie nce  bet wee n   M yt h  a n d   Hist or y:  T he  Q uest  f or  C o m m o n  Gr o u n d  a n d  Its  I m p ort a nce  f or  Scie ntific
Pr actice ( O xf o r d,   O xf o r d   U ni v e rsit y  P r ess  2 0 2 1).  S e e  als o:  G  B a c ci a g al u p pi  a n d   A   V al e nti ni, Q u a nt u m  T he or y  at t he

Cr ossr o a ds – Rec o nsi deri n g t he  1 9 2 7  S ol v a y  C o nfere nce ( C a m b ri d g e,  C a m b ri d g e   U ni v e rsit y  P r ess  2 0 1 3).
8 9 D  B o h m, “ A  S u g g est e d  I nt e r p r et ati o n  of  t h e   Q u a nt u m  T h e o r y  i n  T e r ms  of ‘Hi d d e n ’ V a ri a bl es ” ( 1 9 5 2)  8 5

P h ysi c al  R e vi e w J o u r n al  1 6 6.  S e e  als o: J S  B ell, “ O n t h e i m p ossi bl e  pil ot   w a v e ” ( 1 9 8 2)  1 2  F o u n d ati o ns  of  P h ysi cs

J o u r n al 9 8 9– 9 9. S e e als o:   A  D r e z et, “ F o r e w o r ds f o r t h e S p e ci al Iss u e ‘Pil ot- W a v e a n d  B e y o n d: L o uis d e  B r o gli e a n d
D a vi d B o h m ’s  Q u est f o r a   Q u a nt u m  O nt ol o g y ’ ( 2 0 2 3) 5 3 F o u n d ati o ns of P h ysi cs 6 2. S e e als o: J W M B us h, “ Pil ot- W a v e

H y d r o d y n a mi cs ” ( 2 0 1 5)  4 7   A n n u al  R e vi e w  of  Fl ui d   M e c h a ni cs  2 6 9– 9 2.
9 0 B S   D e Witt, “ Q u a nt u m   m e c h a ni cs a n d r e alit y ” ( 1 9 7 0) 2 3( 9) P h ysi cs T o d a y 3 0– 3 5. S e e als o:   H E v e r ett, T he   M a n y-

W orl ds I nter pret ati o n  of  Q u a nt u m   Mec h a nics – A  F u n d a me nt al  E x p ositi o n  b y   H u g h  E verett .  P ri n c et o n  S e ri es i n  P h ysi cs

( P ri n c et o n,   NJ,  P ri n c et o n   U ni v e rsit y  P r ess  1 9 7 3).  S e e  als o:  D  D e uts c h, “ Q u a nt u m t h e o r y  as  a  u ni v e rs al  p h ysi c al
t h e o r y” ( 1 9 8 5)  2 4 I nt e r n ati o n al J o u r n al  of  T h e o r eti c al  P h ysi cs  1– 4 1.

9 1 D   W all a c e, “ O n t h e  pl u r alit y  of  q u a nt u m t h e o ri es:  q u a nt u m t h e o r y as  a f r a m e w o r k, a n d its i m pli c ati o ns f o r
t h e  q u a nt u m   m e as u r e m e nt  p r o bl e m” i n  S  F r e n c h  a n d  J  S a atsi  ( e ds), Re alis m  a n d  t he  Q u a nt u m ( O xf o r d,   O xf o r d
U ni v e rsit y  P r ess  2 0 1 9)  p p  7 8 – 1 0 2.  Pl e as e  s e e  l at est  d e v el o p m e nts  h e r e: < htt ps: / / w w w. y o ut u b e. c o m /

@ o nt h es h o ul d e rs of e v er ett 5 0 1 / a b o ut > (l ast  a c c ess e d  1 7   O ct o b e r  2 0 2 3).  S e e  als o: < htt ps: / / w w w. y o ut u b e. c o m /
w at c h ? v = B 2 S SJ m E 0 T e M > (l ast a c c ess e d 1 7   O ct o b e r 2 0 2 3). S e e als o: < htt ps: / / w w w. c o nst r u ct o rt h e o r y. o r g / > (l ast

a c c ess e d  1 7   O ct o b e r  2 0 2 3).
9 2 A  Ei nst ei n,  B.  P o d ols k y  a n d   N.  R os e n, “ C a n   Q u a nt u m- M e c h a ni c al  D es c ri pti o n  of  P h ysi c al  R e alit y  B e

C o nsi d e r e d  C o m pl et e ? ” ( 1 9 3 5)  4 7  P h ysi c al  R e vi e w  7 7 7.
9 3 D   D e uts c h, “ C o nst r u ct or  t h e o r y ” ( 2 0 1 3)  1 9 0  S y nt h es e  4 3 3 1– 5 9.
9 4 A  Z eili n g e r, Ei nstei ns  S p u k – Tele p ort ati o n  u n d   weitere   M ysterie n  der  Q u a nte n p h ysi k ,  1 3t h  e diti o n  ( M u ni c h,

G ol d m a n n 2 0 0 7)  p p 6 5 – 6 9. S e e als o:   M J a m m e r, T he P hil os o p h y of  Q u a nt u m   Mec h a nics:  T he I nter pret ati o ns of  Q u a nt u m

Mec h a nics i n   Hist oric al  Pers pecti ve ( N e w   Y o r k,   Wil e y  1 9 7 4).  S e e  als o:  R  S ki b b a, “ Ei nst ei n,  B o h r  a n d  t h e   w a r  o v e r
q u a nt u m t h e o r y ” ( 2 0 1 8)  5 5 5   N at u r e  5 8 2– 8 4.  S e e  als o:   M  S c hl oss h a u er, J  K ofl e r  a n d   A  Z eili n g e r, “ A  s n a ps h ot  of

f o u n d ati o n al attit u d es t o w a r d q u a nt u m   m e c h a ni cs” ( 2 0 1 3) 4 4( 3) St u di es i n   Hist o r y a n d P hil os o p h y of S ci e n c e P a rt
B:  St u di es i n   Hist o r y  a n d  P hil os o p h y  of   M o d e r n  P h ysi cs  2 2 2 – 3 0.

9 5 Ei nst ei n  et  al, s u p r a,  n ot e  9 2.  S e e  als o: “ P h ysi cs is  a n  att e m pt  c o n c e pt u all y t o  g r as p r e alit y  as it is t h o u g ht

i n d e p e n d e ntl y  of its  b ei n g  o bs e r v e d. I n t his s e ns e  o n e s p e a ks  of ‘p h ysi c al r e alit y ’. I n  p r e- q u a nt u m  p h ysi cs t h e r e
w as n o d o u bt as t o h o w t his   w as t o b e u n d e rst o o d. I n   N e wt o n ’s t h e o r y r e alit y   w as d et e r mi n e d b y a   m at e ri al p oi nt

i n s p a c e  a n d ti m e; i n   M a x w ell’s t h e o r y,  b y t h e fi el d i n s p a c e  a n d ti m e. I n  q u a nt u m   m e c h a ni cs it is  n ot s o  e asil y
s e e n.” A  Ei nst ei n, “ N ot es f o r  a n   A ut o bi o g r a p h y ” (T he  S at ur d a y  Re vie w of  Liter at ure ,  2 6   N o v e m b e r  1 9 4 9) < htt ps: / /
a r c hi v e. o r g / d et ails / Ei nst ei n A ut o bi o g r a p h y > (l ast  a c c ess e d  1 7   O ct o b e r  2 0 2 3).

9 6 E   M c K a y, “‘ K e e p t h e fi g ht u nf ai r ’:   Milit a r y r h et o ri c i n q u a nt u m t e c h n ol o g y” ( 2 0 2 2) a r Xi v p r e p ri nt a r Xi v: 2 2 0 3.
0 1 4 1 5 .

E ur o pe a n J o ur n al  of  Ris k  Re g ul ati o n 4 5 1
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h e alt h c a r e – t h at  a r e  p r o p e rl y  p r ot e ct e d  b y  t h e  st at e. 9 7 F o r  ot h e rs  still,  q u a nt u m
c o m p ut e rs  c a n  b e  d esi g n e d   wit hi n   m a r k ets  as  l o n g  as  t h e y  p r o d u c e  h u m a n
u n d e rst a n di n g, 9 8 p u bli c  e d u c ati o n, 9 9 s ol uti o ns  t h at  a c c el e r at e  t h e  g r o wt h  of  c o r p o r a-
ti o ns,1 0 0 as a   w a y t o i n c r e as e t h e s af et y  of v ul n e r a bl e i n di vi d u als  o r as a   m e a ns t o s e c u r e a
p ositi o n i n t h e i nt e r n ati o n al  r a c e f o r   milit a r y  d e v el o p m e nt. 1 0 1

Si mil a rl y,  as s u c h  o ut c o m es  a r e  p r o b a bilisti c all y  o bs e r v e d,   w h at  c o nstit ut es  a r es ult is
s o ci all y c o nst r u ct e d.  F o r e x a m pl e, a  q u a nt u m c o m p ut e r is  us e d t o s ol v e  p r o bl e ms  b y fi rst
r u n ni n g  a n  al g o rit h m  i n  it  a n d  t h e n   m a ki n g  a   m e as u r e m e nt  t h at  c oll a ps es  t h e
w a v ef u n cti o n t o a d efi nit e r es ult.  B y r e p e ati n g t hi s e x p e ri m e nt   m a n y ti m es a n d c oll e cti n g
t h e st atisti cs of t h e o bs e r v e d   m e as u r e m e nts, t h e e x p e ri m e nt alist c a n dis c e r n p att e r ns t h at
c a n t h e n  b e cl ai m e d t o  b e a ns w e rs t o t h e  p r o bl e m t h at t h e c o m p ut e r   w as t r yi n g t o s ol v e.
B ut f o r s u c h a cl ai m t o c a r r y   w ei g ht, st a n d a r ds a n d   m et ri cs h a v e t o b e s o ci all y c o nst r u ct e d
t o  est a blis h  a   m et h o d ol o g y  of  v ali d ati o n.

4.   D e v el o p m e nt

I n  t h e  c o nt e xt  of  q u a nt u m  h u m a niti es,  t h e  d e v el o p m e nt  of  q u a nt u m  c o m p uti n g
t e c h n ol o g y  is  a n  i m p o rt a nt  a r e a  of  st u d y.  T his  i n cl u d es  n ot  o nl y  t h e  t e c h ni c al  as p e cts
of  t h e  d e v el o p m e nt  of  q u a nt u m  c o m p ut e rs,  b ut  als o  t h ei r  c r e ati o n,  r e g ul ati o n  a n d
d esi g n, 1 0 2 as   w ell  as  t h e  b r o a d e r  s o ci al,  c ult u r al  a n d  p oliti c al  c o nt e xt  i n   w hi c h  t his
t e c h n ol o g y  is  b ei n g  d e v el o p e d.   U n d e rst a n di n g  t h e  d e v el o p m e nt  of  q u a nt u m  c o m p uti n g
c a n  h el p  us  a nti ci p at e  its  p ot e nti al  i m pli c ati o n s  a n d  a p pli c ati o ns  i n  t h e  fi el ds  of  t h e
h u m a niti es  a n d  s o ci al  s ci e n c es.  It  c a n  als o  p r o vi d e  i nsi g hts  i nt o  t h e  c o n diti o ns  of
k n o wl e d g e  p r o d u cti o n  a n d  h o w  s ci e n c e is i nfl u e n c e d  b y  s o ci et al f a ct o rs.

T his u n d e rst a n di n g c a n b e us ef ul f o r r es e a r c h e rs a n d p oli c y m a k e rs   w o r ki n g i n t h e fi el d
of  q u a nt u m  h u m a niti es,  as it c a n  h el p t h e m   m a k e i nf o r m e d  d e cisi o ns  a b o ut t h e  di r e cti o n
a n d f o c us of t h ei r r es e a r c h a n d p oli c y c o nsi d e r ati o ns. T e c h n ol o gi c al i n n o v ati o n h as al w a ys
b e e n  a  t ri g g e r  f o r  s o ci et al  c h a n g e.   H o w e v e r,  it  is  n ot  a n  i n h e r e ntl y  l o gi c al  a n d  li n e a r
d e v el o p m e nt p r o c ess. P ost- di giti s ati o n, alt h o u g h a d ri v e r of d e v el o p m e nt, is c h a r a ct e ris e d
b y   m ut u al i nfl u e n c e f r o m t h e s o ci et y i n   w h os e i nstit uti o n al f r a m e w o r k it is l o c at e d a n d t h e
t e c h n ol o g y t h at  e xists  o r is  b ei n g  d e v el o p e d.  T h e  d e v el o p m e nt  of t e c h n ol o g y c o ul d s e r v e
as t h e fi rst   m a r k e r  at t his  p oi nt  b e c a us e,  of c o u rs e, t h e  d e v el o p m e nt  of t e c h n ol o g y c o ul d
off e r  us  t h e  fi rst  cl u es  as  t o  its  a g e n c y,  t o  t h e  cl assifi c ati o n  of  t h e  i m pli c ati o n s  b ei n g
f o c us e d  u p o n a n d als o f o r r efl e cti o n. E v e n t h o u g h it is al m ost i m p ossi bl e t o  d efi n e a  p oi nt

9 7 i bi d; T  D e k k e r a n d F   M a rti n- B arit e a u, “ R e g ul ati n g   U n c e rt ai n St at es:   A  Ris k- B as e d P oli c y   A g e n d a f o r   Q u a nt u m

T e c h n ol o gi es ” ( 2 0 2 2) < htt ps: / / p a p e rs.ss r n. c o m /s ol 3 / p a p e rs. cf m ? a bst r a ct_i d = 4 2 0 3 7 5 8 > (l ast  a c c ess e d  2 9
S e pt e m b e r  2 0 2 3).

9 8 “ B ut I  b eli e v e t h at t h e  b e n efits   m a y  n ot  o nl y  b e i n t h e   m at e ri al t e c h n ol o gi es t h at  e m e r g e,  b ut  als o i n t h e

e nl a r g e d  u n d e rst a n di n g  t h at  q u a nt u m  i d e as   will  b ri n g;  t o  p ut  it  g r a n dl y,  t h es e  t e c h n ol o gi es   will  r e q ui r e  t h e
a c c e pt a n c e of s o m e n e w c o n c e pts a b o ut t h e n at u r e of r e alit y. ” T his q u ot e p oi nts at h o w q u a nt u m s ci e n c e c h a n g es
o u r  u n d e rst a n di n g  of  n at u r e  a n d  gi v es  us  a  n e w  u n d e rst a n di n g  of  o u r s u r r o u n di n gs:  Di Vi n c e n z o, s u p r a,  n ot e  7 2.

9 9 J R   W o ott o n  et  al, “ T e a c hi n g  q u a nt u m  c o m p uti n g   wit h  a n  i nt e r a cti v e  t e xt b o o k ” i n 2 0 2 1  I E E E  I nter n ati o n al
C o nfere nce  o n  Q u a nt u m  C o m p uti n g  a n d  E n gi neeri n g ( Q C E) ( Pis c at a w a y,   NJ, I E E E  2 0 2 1)  p p  3 8 5– 9 1.

1 0 0 S e e, e g, I B M I nstit ut e of B usi n ess   V al u e, “ T h e   Q u a nt u m D e c a d e ” ( 2 0 2 2) < htt ps: / / w w w.i b m. c o m / d o w nl o a ds /
c as / Q 5 Q 8 Z O W R > (l ast  a c c ess e d  2 1  S e pt e m b e r  2 0 2 3).

1 0 1 W hit e   H o us e, “ N ati o n al  S e c u rit y   M e m o r a n d u m / N S M- 1 0:   N ati o n al   Q u a nt u m  St r at e g y – N ati o n al   Q u a nt u m

I niti ati v e” ( n. d.) < htt ps: / / w w w. q u a nt u m. g o v /st r at e g y / # S T R A T E G Y- D O C U M E N T S > (l ast  a c c ess e d  2 9  S e pt e m b e r
2 0 2 3).  S e e  als o:  E  K a ni a  a n d  J  C ost elll o “ Q u a nt u m  L e a p  ( P a rt  1) – C hi n a ’s   A d v a n c es  i n   Q u a nt u m  I nf o r m ati o n

S ci e n c e ” ( 2 0 1 6)  1 6( 1 8)  C hi n a  B ri ef  1 1.
1 0 2 C  C o e n e n  a n d   A  G r u n w al d, “ R es p o nsi bl e r es e a r c h  a n d i n n o v ati o n ( R RI) i n  q u a nt u m t e c h n ol o g y ” ( 2 0 1 7)  1 9

Et hi cs a n d I nf o r m ati o n  T e c h n ol o g y 2 7 7 – 9 4. S e e als o:  K L   N o usi ai n e n a n d J  K es ki- R a h k o n e n, “ L e g al  B usi n ess i n t h e

P ost- Q u a nt u m  S o ci et y ” (Le g al  B usi ness   W orl d ,  6  S e pt e m b e r  2 0 2 2) < htt ps: / / w w w.l e g al b usi n ess w o rl d. c o m / p ost /
l e g al- b usi n ess-i n-t h e- p ost- q u a nt u m-s o ci et y> (l ast  a c c ess e d  2 9  S e pt e m b e r  2 0 2 3).

4 5 2   Ast ri d  B ötti c h e r et  al.
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z e r o  i n  t h e  d e v el o p m e nt  of  a  t e c h n ol o g y,  i m p o rt a nt  p a rt  of  q u a nt u m  h u m a niti es  a r e
visiti n g  r es e a r c h e rs  at  t h ei r  l a b o r at o ri es  a n d  t al ki n g  t o  i n v e nt o rs,  d e v el o p e rs  o r
e nt r e p r e n e u rs.   O n e   w o r k  t h at  c a n  b e  cit e d  o n  t h e  d e v el o p m e nt  of  q u a nt u m  c o m p ut e rs
wit h  a  p a rti c ul a r  f o c us  o n  t h ei r  d e v el o p e rs is  t h e  o bs e r v ati o n al  a n d  r efl e cti o n  st u d y  b y
W e r n e r   V o g d. 1 0 3 H e visit e d   A nt o n Z eili n g e r at his l a b o r at o r y a n d dis c u ss e d h o w k n o wl e d g e
is  c r e at e d i n  s o ci ol o g y  a n d  q u a nt u m  p h ysi cs  a n d   w h at  as p e cts  s u c h  k n o wl e d g e- c r e ati o n
p r o c ess es s h a r e. T hi s di m e nsi o n of q u a nt u m h u m a niti es als o e n c o m p ass es q u esti o ns a b o ut
t h e c o n diti o ns of k n o wl e d g e p r o d u cti o n, b e t h e y l e g al f r a m e w o r ks f o r r es e a r c h o r r es e a r c h
a cts,  p oli ci es  s u c h  as  t h e  p r oj e ct f u n di n g l a n ds c a p e  a n d  p oli c y i n n o v ati o n   m a n a g e m e nt,
h o w  s ci e n c e  is  i nfl u e n c e d  b y  d a y-t o- d a y  p r a cti c es,  a n d  s o  o n.   A nti ci p ati n g   w h at  a
t e c h n ol o g y   mi g ht e nt ail,  h o w it   mi g ht b e a p pli e d a n d   w h at   m e a ni n g it   mi g ht  h a v e o n e d a y
c a n  als o  b e f o u n d i n  o u r  p a p e r  b e c a us e  t h e  st e p  b et w e e n  a p pli c ati o n  a n d i m pli c ati o n is
p r e cis el y t h e a nti ci p ati o n  of   w h at   m e a ni n g a n a p pli c ati o n   will  h a v e f o r o n e ’s s u bj e ct a r e a.
D e v el o p m e nt  t h us  g o es  b e y o n d  t h e  c o m m e r ci al  a p pli c ati o n  of  t e c h n ol o g y  as  a  p oi nt  of
i n v esti g ati o n  a n d  c o nsi d e r ati o n.1 0 4

I n  a d diti o n  t o  st u d yi n g  t h e  t e c h n ol o gi c al  i n n o v ati o ns  i n  t h e  fi el d  of  q u a nt u m
c o m p uti n g,  t h e  s u bfi el d  of  d e v el o p m e nt  s h o ul d  st u d y  t h e  e d u c ati o n al  st a n d a r ds  a n d
i nstit uti o ns e m e r gi n g i n t h e fi el d.   As   w e  h a v e s e e n i n r e c e nt y e a rs, i n d ust r y l e a d e rs1 0 5 a n d
e nt h usi asts  h a v e  st a rt e d  d e v el o pi n g  e d u c ati o n  a p p r o a c h es  a n d  c r e d e nti als  t o  s oli dif y
c a r e e r  p at hs i n  q u a nt u m c o m p uti n g  p r o g r a m mi n g.  T h es e e d u c ati o n a p p r o a c h es as   w ell as
t h os e b ei n g i n d e p e n d e ntl y d e v el o p e d b y i nstit uti o ns ( e g q u a nt u m s ci e n c e a n d e n gi n e e ri n g
( Q S E)  P h Ds   wit h  q u a nt u m  c o m p uti n g s p e ci alis ati o ns)  a r o u n d t h e  gl o b e   will  p r o v e  c riti c al
t o  s u p p o rti n g  d e v el o p m e nt i n t h es e fi el ds. 1 0 6

Q u a nt u m  c o m p uti n g is  vi e w e d  as  a t e c h n ol o g y   wit h t h e  p ot e nti al t o  p e rf o r m  s p e cifi c
t as ks  i n  v e r y  diff e r e nt  s ci e ntifi c  fi el ds.  T o  d et e r mi n e  t h e  i m pli c ati o ns  of  q u a nt u m
c o m p ut e rs,  e x p e rts  r el y  o n  t h ei r  k n o wl e d g e  a n d i nsi g hts  t o  e n visi o n  t h es e  p ossi biliti es.
T h e y  as c ri b e   m e a ni n g  t o  t h e  o bj e ct  of  a  q u a nt u m  c o m p ut e r.  T his  i niti al  st a g e  s ets  t h e
c o u rs e  f o r  f ut u r e  d e v el o p m e nts,  t h o u g h  t h e   m e a ni n g  of  a n  o bj e ct  c a n  al w a ys  b e
r ei nt e r p r et e d. 1 0 7 T h e  assi g n m e nt  of   m e a ni n g t o  a n  o bj e ct   will  h a v e  eff e cts  o n t h e s o ci et al
e m b e d d e d n ess  of t h e  q u a nt u m c o m p ut e r.  T h e  q u a nt u m c o m p ut e r is  d e v el o p e d  b y  p e o pl e
w h o li v e i n o u r   mi dst – t h e y oft e n s h a r e g e n e r al b asi c ass u m pti o ns a b o ut o u r li v es, c ult u r e
a n d  s o  o n.

T h e r ef o r e, t h e  d e v el o p m e nt  of t his t e c h n ol o g y,  as   w ell as t h e  us e  of it, is  of i nt e r est t o
q u a nt u m  h u m a niti es.  T h e  d e v el o p m e nt  of  s ci e ntifi c  a n d  t e c h n ol o gi c al  i d e as, i n v e nti o ns
a n d  dis c o v e ri es  a n d  t h e  ass o ci at e d  s o ci al  a n d  c ult u r al  c o nt e xts  a r e  t o pi cs  of  hist o ri c al
st u di es, c ult u r al st u di es a n d s o  o n, as c ult u r al  di m e nsi o ns  of t e c h n ol o g y  d e v el o p m e nt a n d
t h e i nfl u e n c e  of  c ult u r al i d e ntit y  o n t e c h n ol o g y  d e v el o p m e nt  a r e  als o  a d d r ess e d  h e r e. I n
a d diti o n t o t h e  utilis ati o n  of t e c h n ol o g y, t h e r e is t h e  p r o c ess  of t e c h n ol o g y  d e v el o p m e nt,
w hi c h o c c u rs b ef o r e its i m pl e m e nt ati o n a n d i n v ol v es a cti v e p a rti ci p ati o n.   Wit hi n t h e l e g al
s ci e n c es,  es p e ci all y l e g al t h e o r y, t h e fi el ds  of l a w a n d  et hi cs  a r e li n k e d i n s u c h a   w a y t h at
m o r al  q u esti o ns  a n d r es p o nsi biliti es i n  c o n n e cti o n   wit h t e c h n ol o g y  d e v el o p m e nt,  et hi c al
g ui d eli n e s  a n d  p ri n ci pl es  f o r  t h e  r es p o nsi bl e  d e v el o p m e nt  of  t e c h n ol o g y  a r e  d e v el o p e d

1 0 3 V o g d,  s u p r a,  n ot e  7 9.
1 0 4 F  B o v a,   A  G ol df a r b a n d  R G   M el k o, “ C o m m e r ci al a p pli c ati o ns  of  q u a nt u m c o m p uti n g ” ( 2 0 2 1) 8  E PJ   Q u a nt u m

T e c h n ol o g y  2.
1 0 5 I B M  C e rtifi e d   Ass o ci at e  D e v el o p e r – Q u a nt u m  C o m p ut ati o n  usi n g   Qis kit  v 0. 2 X < htt ps: / / w w w.i b m. c o m /

t r ai ni n g / c e rtifi c ati o n / C 0 0 1 0 3 0 0> (l ast  a c c ess e d  2 9  S e pt e m b e r  2 0 2 3).
1 0 6 E x a m pl e  p r o g r a m  of   Q S E  at   H a r v a r d   U ni v e rsit y < htt ps: / /s e as. h a r v a r d. e d u / n e ws / 2 0 2 1 / 0 4 / h a r v a r d-

l a u n c h es- p h d- q u a nt u m-s ci e n c e- a n d- e n gi n e e ri n g> (l ast  a c c ess e d  2 9  S e pt e m b e r  2 0 2 3).
1 0 7 A P o w ell, “ H a r v a r d   w ei g hs i n o n G o o gl e ’s   Q u a nt u m S u p r e m a c y ” (H ar v ar d G azette , 2 9   O ct o b e r 2 0 1 9) < htt ps: / /

n e ws. h a r v a r d. e d u / g a z ett e /st o r y / 2 0 1 9 / 1 0 / h a r v a r d- w ei g hs-i n- o n- g o o gl es- q u a nt u m-s u pr e m a c y / > (l ast  a c c ess e d
2 1  S e pt e m b e r  2 0 2 3).

E ur o pe a n J o ur n al  of  Ris k  Re g ul ati o n 4 5 3
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a n d  dis c uss e d.  Si n c e  p oliti c al  s ci e n c e  e m e r g e d  f r o m  t h e  st u d y  of  c o nstit uti o n al  l a w,
r ef e r e n c es  t o  p oliti c al  s ci e n c e  c a n  als o  b e  f o u n d  h e r e.  T e c h ni c al  i n n o v ati o ns  h a v e
d y n a mi cs,  a n d  t h ei r  d e v el o p m e nt al  st e ps  a r e  t h e  r es ult s  of  c ult u r al  a cti o ns. 1 0 8

L astl y, t h e d e v el o p m e nt s u bfi el d   m ust als o e x pl o r e t h e c o n c e pt of c o n v e r g e n c e b et w e e n
q u a nt u m  c o m p uti n g  a n d  t r a diti o n al  di git al  t o ols.  B e c a us e  q u a nt u m  c o m p ut e rs  a r e  n ot
b ei n g  d e v el o p e d i n a t e c h n ol o gi c al v a c u u m, a d v a n c es i n g r a p hi c s  p r o c essi n g  u nits ( G P Us),
m a c hi n e  l e a r ni n g,  hi g h- p e rf o r m a n c e  c o m p uti n g  s yst e ms  a n d  t r a diti o n al  s yst e m
a r c hit e ct u r es  a r e  b o u n d  t o  aff e ct  t h ei r  d e v el o p m e nt,  as  t h e y  all  c o nti n u e  t o  d e v el o p
si m ult a n e o usl y.   A d diti o n all y,  i n d ust r y  its elf  is   m o vi n g  t o w a r ds  h y b ri d  cl as si c al  a n d
q u a nt u m s yst e ms t o i n c o r p o r at e “ t h e  b est  of  b ot h   w o rl ds” w h e n s ol vi n g t h e  p r o bl e ms  of
t o m o r r o w.  T his  c a n  cl e a rl y  b e  s e e n  b y  t h e  e m e r g e n c e  of  t h e  q u a nt u m  p r o c essi n g  u nit
( Q P U),  i n  a  si mil a r  f as hi o n  t o  t h e  i nt e g r ati o n  of  G P Us  i n  t h e   m o d e r n  a r c hit e ct u r e.
M o r e o v e r, t h e i d e a of c o n v e r g e n c e is s u p p o rt e d b y n ati o n al g o v e r n m e nts, as is e x e m plifi e d
b y  t h e  c r e ati o n  of   N A S A ’s  q u a nt u m  a n d   AI  l a b o r at o r y,   w hi c h  ai ms  t o  d e m o nst r at e  t h e
utilit y  of  q u a nt u m   m a c hi n e l e a r ni n g. 1 0 9

I V.   Q u a n t u m  h u m a ni ti e s:  a  r e s e a r c h  p r o g r a m m e

T h e  p r o p o s e d  r e s e a r c h  p r o g r a m m e  f o r  q u a nt u m  h u m a niti e s  i n cl u d e s  f o u r  k e y
el e m e nt s:  ( 1)  t h e  a p pli c ati o n  of  q u a nt u m  c o m p uti n g  t o  a d d r e s s  q u e sti o n s  i n  t h e
h u m a niti e s;  ( 2)  r efl e cti o n  o n  t h e   m et h o d s  a n d  t e c h ni q u e s  of  q u a nt u m  c o m p uti n g;
( 3)  t h e  e v al u ati o n  of  q u a nt u m  c o m p uti n g’s  p ot e nti al  s o ci et al i m pli c ati o n s;  a n d ( 4)  a n
e x a mi n ati o n  of  t h e  d e v el o p m e nt  p r o c e s s e s  a n d  e c ol o g y  of  q u a nt u m  c o m p uti n g.
B y f o c u si n g  o n t h e s e  el e m e nt s, t h e r e s e a r c h  p r o g r a m m e  ai m s t o  e x pl o r e t h e  p ot e nti al
of  q u a nt u m  c o m p uti n g t o  a d v a n c e  o u r  u n d e r st a n di n g  of t h e  h u m a niti e s,  a s   w ell  a s t o
c o n si d e r t h e t e c h n ol o g y i n s o ci et y. T h r o u g h t hi s p r o g r a m m e, r e s e a r c h e r s i n t h e fi el d of
q u a nt u m  h u m a niti e s  c a n  d e v el o p  a  d e e p e r u n d e r st a n di n g  of  t h e  c a p a biliti e s  a n d
li mit ati o n s  of  q u a nt u m  c o m p uti n g  a n d  u s e  t hi s  f o r  r e s e a r c h  a n d  d e ci si o n- m a ki n g.
F u rt h e r i n v e sti g ati o n of t h e si g nifi c a n c e o f q u a nt u m c o m p uti n g   will p r o b a bl y i n v ol v e a
c o m bi n ati o n  of  r e s e a r c h  i n  t h e  fi el d s  of  q u a nt u m   m e c h a ni c s,  c o m p ut e r  s ci e n c e,  t h e
h u m a niti e s  a n d  t h e  s o ci al  s ci e n c e s.  T hi s  r e s e a r c h   will  p r o b a bl y  i n v ol v e  t h e
d e v el o p m e nt  of  n e w  q u a nt u m  al g o rit h m s  a n d  t e c h ni q u e s  f o r  s ol vi n g  p r o bl e m s  i n
t h e s e  fi el d s,  a s   w ell  a s  t h e  st u d y  of  t h e  p ot e nti al  s o ci et al  i m pli c ati o n s  of  q u a nt u m
c o m p uti n g.  It   will  al s o  p r o b a bl y  i n v ol v e  c oll a b o r ati o n  a n d  di al o g u e  b et w e e n
r e s e a r c h e r s  f r o m  diff e r e nt  di s ci pli n e s t o  d e v el o p  a  d e e p e r  u n d e r st a n di n g  of  t h e
p ot e nti al  of  q u a nt u m  c o m p uti n g  t o  a d v a n c e  o u r  u n d e r st a n di n g  of  t h e   w o rl d.

T o  f a cilit at e  t hi s  r e s e a r c h,  it   m a y  b e  n e c e ss a r y  t o  e st a bli s h  d e di c at e d  r e s e a r c h
p r o g r a m m e s  a n d  f u n di n g  o p p o rt u niti es  f o r  s ci e nti st s   w o r ki n g i n  t h e  fi el d  of  q u a nt u m
h u m a niti e s.  T hi s  c o ul d  i n cl u d e  t h e  d e v el o p m e nt  of  i nt e r di s ci pli n a r y  r e s e a r c h  c e nt r e s
a n d  n et w o r k s,  a s   w ell  as  t h e  c r e ati o n  of  o p p o rt u niti es f o r  c oll a b o r ati o n  a n d  e x c h a n g e
a m o n g  r e s e a r c h e r s  f r o m  diff e r e nt  fi el ds.   W hil e  c r e ati n g  t h e s e  o p p o rt u niti e s,  it  i s
i n e vit a bl e  t h at  c e rt ai n  h u r dl e s  i n  t h ei r  i m pl e m e nt ati o n   will  c o m e  t o  li g ht.  I m p o rt a nt
a m o n g t h e s e i s  h o w t o  d e v el o p a c o m m o n v o c a b ul a r y f o r s u c h a n i nt e r di s ci pli n a r y fi el d.
T hi s  p r o bl e m  h a s  al r e a d y  b e e n  t a c kl e d  i n q u a nt u m  c o m p uti n g  it s elf   w h e n  j oi ni n g
c o m p ut e r  s ci e nti st s  a n d  q u a nt u m  p h y si ci st s   wit hi n  t h e  s a m e  fi el d.   D u e  t o  t h e  e v e n
g r e at e r r a n g e  of fi el d s i n si d e  q u a nt u m  h u m a niti e s, a c o m m o n  gl o s s a r y as   w ell a s a  k e e n
u n d e r st a n di n g of t h e u n d e rl yi n g t e n et s of t h ei r   m o st b a si c c o m p o n e nt s ( s o t h at t h e y c a n

1 0 8 R a m m e rt,  s u p r a,  n ot e  1 1,  1 6.
1 0 9 S e e   Q u AI L ’s   missi o n  o n its   w e bsit e: < htt ps: / / w w w. n as a. g o v / c o nt e nt / n as a- q u a nt u m- a rtifi ci al-i nt elli g e n c e-

l a b o r at o r y- q u ail> (l ast  a c c ess e d  2 1  S e pt e m b e r  2 0 2 3).
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b e  u n d e r st o o d b y all   m e m b e r s; e g et hi c s,  q u bit s)   m u st b e c r e at e d a s   w e   m o v e f o r w a r d i n
t h e fi el d.

B uil di n g  u p o n  t h e  c o n c e pts  a n d  p ri n ci pl es  of  q u a nt u m  h u m a niti es,   w e  p r es e nt  t h e
f oll o wi n g  t h es es  e n c a ps ul ati n g  t h e  k e y  di m e nsi o ns  dis c uss e d i n  t his  p a p e r.

1.   T h es es  o n  q u a nt u m  h u m a niti es

( 1)   Q u a nt u m   m e c h a ni cs  c o ul d  aff e ct  o u r  u n d e rst a n di n g  of ti m e,  dist a n c e,  s p a c e  a n d
i nf o r m ati o n  t r a nsf e r,  l e a di n g  t o  o nt ol o gi c al,  c o nst r u cti vist  a n d  e pist e m ol o gi c al
c h a n g es.   Q u a nt u m  h u m a niti es ai ms t o i n c o r p o r at e t h es e c h a n g es i nt o its r es e a r c h
c o n c e pts,   m o vi n g  a w a y f r o m  p r e d et e r mi n e d  n oti o ns  a n d  e m b r a ci n g  a t r a ns dis ci-
pli n a r y  vi e w.

( 2)   Q u a nt u m  h u m a niti es  ai ms  t o  a p pl y  t h e  p ri n ci pl es  a n d  c o n c e pts  of  q u a nt u m
m e c h a ni cs t o st u d y a n d  u n d e rst a n d v a ri o us as p e cts of  h u m a n c ult u r e, s o ci et y a n d
k n o wl e d g e.  T e c h n ol o gi c al  i n n o v ati o n  a n d  us e  a r e  i nt e rt wi n e d   wit h  c ult u r al
p r a cti c es,  s o ci al  u n d e rst a n di n gs  a n d  e v e r y d a y  a cti o ns.

( 3)   Q u a nt u m  h u m a niti es  r efl e cts  o n  t h e  hist o ri c al– s o ci al  p r o c ess es  t h at  l e a d
t o  t h e  a c q uisiti o n  of  u n d e rst a n di n g  of  t h e   w o rl d  t h r o u g h  q u a nt u m  t h e o ri es
a n d  t e c h n ol o gi es  a n d  e x pl o r es  h o w  k n o wl e d g e  is  g e n e r at e d  t h r o u g h  t h es e
t e c h n ol o gi es.

( 4)  Si mil a rl y  t o  q u a nt u m   m e c h a ni c s,  q u a nt u m  h u m a niti es  p r o p os es  t h at  t h e   w o rl d
c a n  o nl y  b e e pist e m ol o gi c all y  u n d e rst o o d,  a n d t h us  n o st a bl e  v e rsi o n  of   w h at t h e
w o rl d is e xists  o utsi d e  of  h u m a n  a cti o n  a n d i nt e r p r et ati o n.   W e  c all i nt o  q u esti o n
a n y cl ai m  of  o bj e cti vit y i n  d at a, al g o rit h ms, t e c h n ol o gi c al  d e v el o p m e nt  o r  h u m a n
a cti o n.

( 5)   Q u a nt u m h u m a niti es diff e rs f r o m di git al h u m a niti es,   w hi c h p ri m a ril y f o c us o n t h e
us e  of  di git al t e c h n ol o gi es i n  h u m a niti es r es e a r c h,  b y e m p h asisi n g t h e  q u alit ati v e
v al u e  d e ri v e d  f r o m  q u a nt u m   m e c h a ni cs  i n  a d diti o n  t o  t h e  us e  of  q u a nt u m
t e c h n ol o gi es i n  h u m a niti es  r es e a r c h.

( 6)  T h e  a p pli c ati o ns  of  q u a nt u m  t e c h n ol o g y i n  q u a nt u m  h u m a niti es  e xt e n d  b e y o n d
t h e  us e  of  q u a nt u m  c o m p ut e rs  as r es e a r c h t o ols.   Q u a nt u m  h u m a niti es  r e c o g nis e
t h at  c o m p ut ati o n  a n d s u r v e y st r at e gi es  a r e  c h a n gi n g, l e a di n g t o  a  n e w  a p p r o a c h
t h at i m p a cts s o ci et y  a n d  r es e a r c h i n t h e  h u m a niti es  a n d t h e s o ci al  s ci e n c es.  T h e
c h oi c e  of   m et h o ds  i n  q u a nt u m  h u m a niti es   m ust  r e m ai n  o p e n  as  o bs e r v ati o ns
i n e vit a bl y i m p a ct  r e alit y.

( 7)   Q u a nt u m  h u m a niti es  a c k n o wl e d g e  t h e  e m e r g e n c e  of  a  n e w  s et  of  q u a nt u m
t e c h n ol o gi es  a n d  t h ei r  p ot e nti al  f o r  dis r u pti v e  i n n o v ati o n.  T h e y  r e c o g nis e  t h e
bi rt h  of  n e w   m a c hi n es,  p r o c ess es,  c ult u r es,  a cti viti es  a n d  k n o wl e d g e.  T h e r ef o r e,
t h e y  e x pl o r e t h e  p ossi bl e i m pli c ati o n s  of  q u a nt u m t e c h n ol o gi es  a n d t h e  p ossi bl e
i m p a cts  of  t h es e  c h a n g es.   Y et  t h e  d e v el o p m e nt  of  c o n c e pt s  i n  q u a nt u m
h u m a niti es  e xt e n ds  b e y o n d  s p e cifi c fi el ds  of  s o ci al  r e g ul ati o n,  s u c h  as  et hi cs  o r
p oliti cs,  t o  e n c o m p ass  b r o a d e r  c o nt e xts  a n d i nt e r c o n n e cti o ns.

( 8)   Q u a nt u m  h u m a niti es c riti c all y  q u esti o n t h e ass u m pti o n  of a r e v ol uti o n a r y f ut u r e
t h r o u g h  q u a nt u m  t e c h n ol o gi es  o r  t h at  t h es e  t e c h n ol o gi es  c a n  e n a bl e  a “ g o o d ”
f ut u r e  t h at  c a n  b e  a c hi e v e d  t h r o u g h  st u d y,  s e ei n g  i n  t his  a n  ill e giti m at e
st a bilis ati o n  of  a  p a rti c ul a r  visi o n  of  t h e  f ut u r e  t h r o u g h  s ci e n c e,  p ot e nti all y
e nt r e n c hi n g c e rt ai n n o r m ati v e vi e ws.   Q u a nt u m h u m a niti es a r g u e t h at s u c h cl ai ms
o bs c u r e t h e u n c e rt ai nt y of p u rs ui n g s u c h visi o ns of t h e f ut u r e. T h e y e m p h asis e t h e
n e e d f o r a h olisti c, r efl e xi v e a n d s y m m et ri c al r es e a r c h p r o g r a m m e t o a n al ys e h o w
q u a nt u m t e c h n ol o g y is i nfl u e n c e d  b y  diff e r e nt s o ci al  a ct o r s, i nstit uti o ns,  c ult u r al
p r a cti c es  a n d  h u m a n  e x c h a n g es,  a n d  vi c e  v e rs a.

E ur o pe a n J o ur n al  of  Ris k  Re g ul ati o n 4 5 5
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( 9)   Q u a nt u m  h u m a niti es a c k n o wl e d g e t h at q u a nt u m t e c h n ol o gi es d o  n ot d e v el o p i n a
v a c u u m,  a n d t h at t h e y   will  b e ti e d t o  ot h e r  e m e r gi n g t e c h n ol o gi es.   As  s u c h,  o u r
st u di es   m ust t a k e i nt o a c c o u nt t his c o n v e r g e n c e a n d e q u all y c o n v e r g e   wit h  ot h e r
fi el ds  t h at  s h e d   m o r e  c o m pl et e li g ht  o n  t h e  o bj e cts  of  st u d y.

A c k n o wl e d g m e n t s. A b o v e all,   w e   w o ul d li k e t o e x p r ess o u r   m ost si n c e r e a n d g r a ci o us t h a n ks t o Z e ki C a n S es ki r
of t h e  K a rls r u h e I nstit ut e of  T e c h n ol o g y.   Wit h o ut  his c o m m e nts, i n p ut a n d dis c ussi o n, t his  p a p e r   w o ul d  n ot  h a v e

b e e n  p ossi bl e.   W e  als o   w o ul d li k e  t o t h a n k J o h a n n a  B a r z e n,   w h o i niti at e d t his   w o r k t h r o u g h  c o n v e rs ati o n.

C o m p e ti n g i n t e r e s t s. T h e  a ut h o rs  d e cl a r e  n o n e.

Cit e  t hi s  a rti cl e: A  B ötti c h e r,  J   H e r n a n d e z,   M C  K ett e m a n n,   V  G ast,  a n d  R   A r ai z a  B r a v o ( 2 0 2 3). “ I nt r o d u ci n g  a

R es e a r c h  P r o g r a m m e f o r   Q u a nt u m   H u m a niti es:  T h e o r eti c al I m pli c ati o ns ” . E ur o pe a n J o ur n al  of  Ris k  Re g ul ati o n 1 4 ,
4 3 5 – 4 5 6. htt ps: / / d oi. o r g / 1 0. 1 0 1 7 / e r r. 2 0 2 3. 7 1

4 5 6   Ast ri d  B ötti c h e r et  al.
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