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Achieving this goal involves developing predictive theoretical models that allow us to understand the 
emergent phenomena associated with small-scale many-body quantum systems of finite size. The detailed 
quantum properties of nuclei depend on the intricate interplay of strong, weak, and electromagnetic 
interactions of nucleons and ultimately their quark and gluon constituents. A predictive theoretical 
description of nuclear properties requires an accurate solution of the nuclear many-body quantum 
problem — a formidable challenge that, even with the advent of super-computers, requires simplifying 
model assumptions with unknown model parameters that must be constrained by experimental 
observations.  

Fundamental to Understanding 

The importance of rare isotopes to the field of 
low-energy nuclear science has been 
demonstrated by the dramatic advancement in 
our understanding of nuclear matter over the 
past twenty years. We now recognize, for 
example, that long-standing tenets such as 
magic numbers are useful approximations for 
stable and near stable nuclei, but they may 
offer little to no predictive power for rare 
isotopes. Recent experiments with rare 
isotopes have shown other deficiencies and 
led to new insights for model extensions, 
such as multi-nucleon interactions, coupling 
to the continuum, and the role of the tensor 
force in nuclei. Our current understanding has 
benefited from technological improvements 
in experimental equipment and accelerators 
that have expanded the range of available 
isotopes and allow experiments to be 
performed with only a few atoms. Concurrent 
improvements in theoretical approaches and 
computational science have led to a more 
detailed understanding and pointed us in the 
direction for future advances.  

We are now positioned to take advantage of these developments, but are still lacking access to beams of 
the most critical rare isotopes. To advance our understanding further low-energy nuclear science needs 
timely completion of a new, more powerful experimental facility: the Facility for Rare Isotope Beams 
(FRIB). With FRIB, the field will have a clear path to achieve its overall scientific goals and answer the 
overarching questions stated above. Furthermore, FRIB will make possible the measurement of a majority 
of key nuclear reactions to produce a quantitative understanding of the nuclear properties and processes 
leading to the chemical history of the universe. FRIB will enable the U.S. nuclear science community to 
lead in this fast-evolving field. 

 
Figure 1: FRIB will yield answers to fundamental questions 
by exploration of the nuclear landscape and help unravel 
the history of the universe from the first seconds of the Big 
Bang to the present.  
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Standard Model is the current starting point 
for describing the nuclear processes 

that brought the universe to the present time 
and can provide fusion energy for the future

This starting point defines our “ab initio” 
or “from the beginning” theory of the atomic nucleus

Can we successfully proceed from that starting point
to explain/predict nuclear phenomena and use 

discrepancies with experiment to reveal new physics?
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An Effective Field Theory (EFT) expresses a system’s properties 
in terms of the constituents (degrees of freedom) most relevant to the 
energy/momentum scales being probed. An EFT is derivable, in principle, 
from an underlying theory such as the Standard Model.

For the low-lying spectroscopy and reactions of the mesons and baryons, 
this could be an EFT of interacting constituent quarks and gluons.
Example:  Basis Light Front Quantization (BLFQ) with Effective Hamiltonians
inspired by Light-Front Holography with residual interactions from QCD.

For the low-lying spectroscopy and reactions of atomic nuclei this could be 
Chiral EFT applied within the ab initio No-Core Shell Model (NCSM)

Let us first review the Basis Light Front Quantization (BLFQ) approach 
to the properties of the mesons and baryons and to their interactions



Dirac’s Forms of Relativistic Dynamics [Dirac, Rev.Mod.Phys. ’49]

Front form defines QCD on the light front (LF) x+ ! t + z = 0 .

P ± ! P 0 ± P 3, !P ! ! (P 1, P 2), x± ! x0 ± x3, !x ! ! (x1, x2), E i = M + i ,
E + = M + " , F i = M " i , K i = M 0i , J i = 1

2 "ijk M jk .

instant form front form point form

t = x0 x+ ! x0 + x3 # !
!

t2 " !x 2 " a2

H = P 0 P " ! P 0 " P 3 P µ

!P , !J !P ! , P + , !E ! , E + , Jz !J, !K
!K, P 0 !F ! , P " !P , P 0

p0 =
!

!p 2 + m2 p" = ( !p 2
! + m2)/p + pµ = mvµ (v2 = 1 )

Yang Li, Iowa State U, May 20, 2016 2/1 Baryons 2016, Tallahassee, FL
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where a"{ }  satisfy usual (anti-) commutation rules.

Furthermore, f"
!
x( )  are arbitrary except for conditions:

                            f"
!
k! ,x( ) f" '

*
!
k! ,x( ) d2k! dx

(2# )32x(1) x)* = $" " '

                            f"
!
k! ,x( ) f"

*
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!
k! x(1! x)( ) ! l x( )

! nm  2D-HO functions as in AdS/QCD

! l     Jacobi polynomials times xa(1! x)b
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Baryon number                                                bi
i

! = B

Charge                                                              qi
i

! = Q                               

Angular momentum projection (M-scheme)    (mi +
i

!  si ) = Jz                  

Longitudinal momentum (Bjorken sum rule)   xi
i

! =
ki

Ki
! = 1 

Longitudinal mode regulator (Jacobi)              li
i

! " L                

Transverse mode regulator (2D HO)                (2ni+  mi
i

! + 1)" Nmax

" Internal coordinates" 
!
ki! =

!
pi! " xi

!
P!   "   

!
ki!

i
! = 0

H ! H + ! HCM

Global Color Singlets (QCD)

Light Front Gauge

Optional Fock-Space Truncation
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Light-Front Wavefunctions (LFWFs)
|! h (P, j, " )! =

!

n

"
[dµn ] ! n/h ({#ki ! , xi , " i } n )|{ #pi ! , p+

i , " i } n !

LFWFs areframe-independent(boost invariant) and depend only on the
relative variables:xi ! p+

i /P + , !ki ! ! !p i ! " x i !P!

LFWFs provides intrinsic information of the structure of hadrons, and are
indispensable for exclusive processes in DIS [Lepage Õ80]

! Overlap of LFWFs: structure functions (e.g. PDFs), form factors, ...
! Integrating out LFWFs: light-cone distributions (e.g. DAs)

ÒHadron Physics without LFWFs is like Biology without DNA!Ó
Ñ Stanley J. Brodsky

GTMDs

TMFFs
TMDs

TMSDs

GPDs

charges

FFs

PDFs

d2b! d2k!dx
!!!

!!!

!!!
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!k! # !r ! , !! ! # !b! ,
!b! = !r ! " !R!

[Lorc«e & Pasquini Õ11]

hadron tomography



Overview of BLFQ/tBLFQ applications to mesons and baryons

Common features
Transverse confinement from 2D HO (in common with LF Holography)
Longitudinal confinement (Y. Li, et al, PLB 2016, PRD 2017)
Basis states from exact solutions of a reference Hamiltonian
Compare results with experiment, lattice, DSE/BSE, . . . 

Distinct features
For Veff
1) perturbative one-gluon exchange (Y. Li, et al, PLB 2016, PRD 2017)
2) NJL model for light meson applications (S. Jia, et al, PRC 2019)

For Fock space truncation
1) Valence sector
2) Valence sector plus dynamical gluon (plus sea quarks, plus …)

For observables
1) Single state properties and decays
2) Transitions between states
3) Non-perturbative probes (tBLFQ)

Next Methods
BLFQ on Quantum Computers
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+ / P+, 

!
k! =

!
kq! =

!
pq! " x

!
P! = "

!
kq! = "

!
pq! " (1" x)

!
P!( ), !r! =

!
rq! "

!
rq! .

Heavy Quarkonia       [Y. Li, et al., Phys. Letts. B 758, 118 (2016); Phys. Rev. D 96, 016022 (2017)]
 

(initially)



Spectroscopy [YL, Maris & Vary, PRD 96, 016022 (2017); arXiv:1704.06968]

! (GeV) mq (GeV) rms (MeV) "J M (MeV) Nmax basis dim.

cøc 0.966 1.603 31 17 32 1812

bøb 1.389 4.902 38 8 32 1812

! determined from Þts to spectrum follows the HQET trajectory! h !
"

M h , in
agreement with recent LFH result [Dosch et al, PRD95 (2017)]
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Spectroscopy             [Y. Li, et al., Phys. Letts. B 758, 118 (2016); Phys. Rev. D 96, 016022 (2017)]
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Effective Nucleon Interaction !
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Chiral perturbation theory (! PT) allows for controlled power series expansion

� 

Expansion parameter:  
Q
! "

# 

$ 
% % 

& 

'  
( ( 

)

, Q* momentum transfer, 

! " +1 GeV, " - symmetry breaking scale

Within !! "# !$! -NNN Low Energy Constants (LEC) 
are related to the NN -interaction LECs {c i}.

#%&'(!()**%(+%,!-.+/.0!+/%
#$%&'()*+&,-&.',%/0)1$+/&2 !

Regularization is essential, which is also 
implicit within the Harmonic Oscillator (HO) 
wave function basis (see below)

C. C/

R. Machleidt and D.R. Entem, Phys. Rep. 503, 1 (2011);
E. Epelbaum, H. Krebs, U.-G Meissner, Eur. Phys. J. A51, 53 (2015); Phys. Rev. Lett. 115, 122301 (2015)  
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• 13C@+XM$T30TC3M+C4$0L$N30PE@$/E@$CYX+MC@$4M/MC4$0L$
S+N.M$EPXSC+$O+M.$30QP4M$M.C03CM+X/S$C3303$C4M+D/MC4I

• BC4M$X0E4+4MCEM$*Z[1\] $X.+3/S$CLLCXM+FC$L+CS@$M.C037$
<ZUB?$+EMC3/XM+0E4$O+M.$=($/E@$H(EPXSC0E$L03XC4I

• ZYMCE@$/E@$MC4M$/$8/7C4+/E$4M/M+4M+X/S$D0@CS$M./M$
SC/3E4$L30D$M.C$03@C3(Q7(03@C3$ZUB$X0EFC3NCEXC$
T/MMC3E$M0$/XX0PEM$L03$X033CS/MC@$CYX+M/M+0E4I$

• U+34M$MC4M$0L$E0FCS$X.+3/S$EPXSC0E(EPXSC0E$T0MCEM+/S4$
O+M.$X0E4+4MCEM$M.3CC(EPXSC0E$L03XC4I

• ^CD0E4M3/MC4$PE@C34M/E@+EN$0L$M.C03CM+X/S$
PEXC3M/+EM+C4$@PC$M0$X.+3/S$ZUB$CYT/E4+0EI

• KXX0PEM+EN$L03$X033CS/M+0E4$T30@PXC4$/N3CCDCEM$
O+M.$CYTC3+DCEM/S$CYX+M/M+0E$CEC3N+C4$<4CC$L+NP3C?I

• ZYXCTM+0E4$+E$+)]$/E@$+)8$+E@+X/MC$@+LLC3CEM$
M.C03CM+X/S$X033CS/M+0E4$+E$M.C$EPXSC/3$4M3PXMP3CI

Objectives

Impact

Excitation energies from effective field 
theory with quantified uncertainties

1I$2/3+4$CM$/S#$1.74I$_CFI$]$"#$#$>:J>>&$<=>=&?`$
Z@+M034a$bPNNC4M+0E`$/3,+FG$=>&=I&=Hc'$!EPXS(M."

Accomplishments
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$$$$$$$$$$$$$$$$$$$$$$$L0SS0OC@$Q7$1./4C(ZhP+F/SCEM$B3/E4L03D/M+0E4$<1ZB4?$
M0$L+M$4CSCXMC@$T30TC3M+C4$0L$S+N.M$EPXSC+I

!!!!!!!!!!!!FGHG!I/#$2E296!.GJG!I/#)6!KG!L#56!HG!I2%2)E#)46!MG!H4$#%!4)<!JGMG!N4$86
!!!!!!!!!!!!OAP@D!AA!#)&,$4*&#2)!4<Q:%&,<!&2!+#0/&!):*+,#!#)!47!,R#&:!4(($24*/6S
!!!!!!!!!!!!M/8%G!@,&&%G!C!TUV6!WT!XYZVU[\!4$]#9-!VUZ^GZZ_VP!

! =1.5 fm! 1

\*1-,('.$.,c
',,(7YOY_7(#,'P-.'(X,-*A

Application to excited states of p-shell nuclei



Tetraneutron  discovery
confirms prediction

Impact  
! ?#%*29,$8!#)!YZYY!4))2:)*,< !#)!A4&:$,! `Va!*2)1#$5%!+=#

(&(,(%#&/,2$8! ($,<#*&#2)%!1$25!YZVU!`Ya! !21!4!%/2$&'+#9,<!
&,&$4),:&$2)!$,%2)4)*,!4&!+2b!,),$08 !4)<!&/, !47%,)*,!21!
4!&,&$4),:&$2)!72:)< !%&4&,

! ?,52)%&$4&,%!&/, ! ($,<#*&#9,! (2b,$ !21!+=#(&(,(%#):*+,4$!
&/,2$8! %#)*,! &/,2$8! 4)<! ,R(,$#5,)& ! 4$,! b#&/#)! &/,#$!
*257#),< !:)*,$&4#)&#,%

! I,&%! %&40,! 12$! 1:$&/,$! ,R(,$#5,)&4+! 4)<! &/,2$,&#*4+!
$,%,4$*/!2) !),b !%&4&,%!21!54&&,$!12$5,<!2)+8!21!),:&$2)%

! I/2b%! ),,< ! &2! 4)&#*#(4&,! 4! +2)0! b4#&! &#5,! 12$!
,R(,$#5,)&4+!*2)1#$54&#2)!21!%:*/!4) !,R2&#*!(/,)25,)46 !
c!U!8,4$%!#)!&/#%!*4%,

! d5(/4%#e,%!&/, !94+:,!21!?Dd!%:(,$*25(:&,$ !4++2*4&#2)%!
XAdfI>[! 4)<! %:((2$&! 12$! 5:+&#'<#%*#(+#)4$8! &,45b2$E!
XI*#?F>gAh>@d.[

Accomplishments  
`Va!HG!?:,$ 6!,&!4+G6!A4&:$,!UZU6!UTW!XYZYY[

`Ya!FGHG!I/#$2E296!i G!M4(4<#5#&$#2:6!FG.G!H4e:$6!.GFG!H4e:$6!
f G! f2&/ ! 4)<! JGMG! N4$86! OM$,<#*&#2)! 12$! 4! 12:$' ),:&$2) !
$,%2)4)*,6S!M/8%G!f,9 G!@,&&G!VVT6!VWY^ZY!XYZVU[

Objectives
! >=#(&(,(%#):*+,4$!&/,2$8!4#5%!12$!(4$45,&,$'1$,,!($,<#*&#2)%!
21! ):*+,4$! ($2(,$&#,%! b#&/! *2)&$2++,<! :)*,$&4#)&#,%! :%#)0!
%:(,$*25(:&,$ !%#5:+4&#2)%

! I(,*#1#*! 024+! #%! &2! ($,<#*&! #1! &/, ! &,&$4),:&$2)! X_' ),:&$2) !
%8%&,5[!/4%!4!72:)< !%&4&,6!4!+2b'+8#)0!$,%2)4)*,!2$!),#&/,$

!"#$%&'$()*+(, *)-$.%/*0.%*)-$ *)$)%+($1)%.(23*%$3.(+(4$*$($%5/*
+(, *6&,)- 7*!" #$%$&$'#8. 9:.%$*;-$<<*=.,$< *>8:;=? *+(, *@+'.6 *
;-$<<*=.,$< *>@;=?*#%$,&4)&.(3*13$* ,&00$%$()* ($1)%.(9($1)%.(*
&()$%+4)&.(3*+(, *,&00$%$()*A+3&3*01(4)&.(*)$4-(&B1$37



Alpha clusters in Carbon - 12 from
ab initio theory & statistical learning

Objectives
! >=#(&(,(%#):*+,4$!&/,2$8!4#5%!12$!(4$45,&,$'1$,,!($,<#*&#2)%!
21! *$#&#*4+! ):*+,4$! ($2(,$&#,%! b#&/! *2)&$2++,<! :)*,$&4#)&#,%!
:%#)0!%:(,$*25(:&,$ !%#5:+4&#2)%

! I(,*1#*!024+!#%!&2!<,&,$5#), !,R&,)&!21!4+(/4!*+:%&,$#)0!#)!&/, !
i$2:)< !%&4&,!4)<!&/, !328+,!%&4&,!21!>4$72)'VY!X!" >[

F7!#)#&#2!H2)&, '>4$+2!I/,++!H2<,+!
$,%:+&%!12$!<,)%#&8!*2)&2:$%!21!VY>!
i$2:)< ! %&4&,! 4)<! 1#$%&! ,R*#&,<! Z#!
X328+,[!%&4&,!:%#)0!&/, !?4,Q,2)VU!
&b2' ):*+,2) !(2&,)&#4+G!I#5:+4&#2)%!
b,$, ! (,$12$5,< ! 2) ! ":04E: ! #)!
J4(4)6! &/, ! b2$+<j%! +4$0,%&!!
%:(,$*25(:&,$ !4&!&/, !&#5,G!

Accomplishments  
BG!D&%:E46!BG!F7,6!BG!K2%/#<46!KG!B%:)2<46!AG!I/#5#e:6!AG!.&404E#6!KG!h&%:)26!JG!N4$86!MG!H4$#%!4)<!3G!h,)26 !OF+(/4'>+:%&,$#)0!
#)!F&25#*!A:*+,#!1$25!"#$%&!M$#)*#(+,%!b#&/!I&4&#%&#*4+!@,4$)#)0!4)<!&/, !328+,!I&4&,!>/4$4*&,$6S!A4&:$,!>255:)#*4&#2)%!
VP-YYP_!XYZYY[

Impact  
! i$2:)< ! %&4&,! 12:)<! &2! /49, ! Uk ! 4+(/4! *+:%&,$#)0! b/#+,!

328+,!%&4&,!<#%*29,$,<!&2!7, !P'4+(/4%!UVk !21!&/, !&#5,

! l#&/ !&/#%!/#0/!(,$*,)&40, !21!P'4+(/4%6!&/, !328+,!%&4&,!#%!
*2)1#$5,<! 4%! 4! )4&:$4+! 04&,b48! %&4&,! 12$! &/, ! *2%5#*!
12$54&#2)!21!!" >6!&/, !E,8!,+,5,)& !12$!2$04)#*!+#1,

! I&4&#%&#*4+!+,4$)#)0!*2)1#$5%!P'4+(/4!1,4&:$,!21!328+,!%&4&,



Ab-initio effective interaction from the NCSM
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Flow

NCSM for 18F at Nmax

Heff for 18F at N = 0
(OLS)

16O at Nmax
(core energy)

17O, 17F at Nmax
(one-body terms)

! j , ! ij |Veff|kl"JT

Okubo, Progr. Theor. Phys. 12 (1954); Suzuki, Lee, Prog. Theor. Phys. 68 (1980)

Dikmen, Lisetskiy, Barrett, Maris, Shirokov, Vary, PRC91, 064301 (2015)

Vary, Basili, Du, Lockner, Maris, Pal, Sarker, PRC98, 065502 (2018)

Smirnova, Barrett, Kim, Shin, Shirokov, Dikmen, Maris, Vary, PRC100, 054329 (2019)
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Binding energies of O-isotopes

rms(DJ16-6) ! 3671 keV; rms(DJ16B) ! 235 keV; rms(USDB) ! 467 keV
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• Natural extension of the NCSM
• Non perturbative 
• Ab initio
• Full quantal coherence

!"#!"#$%$&$'#($%&'$&%(#
')*'&*)$+,-#

."#/+0( 12(3(-2(-$#
3%,'(44

• State vector becomes amplitudes
• Operators become matrices 

! P&4Q4&'RS9'7&12'0419'0#12'349'@S#12/#*'E?&19'P&4'TS*9'U412.*'T?#*9'#1"'5#+&<'76'8#)/9' !"#$%&'()%&*9: 9'IVWVLI'MLIHGNX
! P&4Q4&' RS9' 7&12' 0419' @S#12/#*' E?&19' U412.*' T?#*9' #1" ' 5#+&<' 76' 8#)/9' +,&!-./((0+,1$ &.2&3"(&4,3(-,53+.,56&*.,2(-(,/( &

789/6(5-&:"(.-# &+,&3"(&;9<(-/.=<93+,1 &>-5?@ABCD&E8:;> F@ABCGH&I"5J5-.)$KH &'9$$+5H&;(<3(=J(- &BL?@MH'LIHV6
! 7&12'0419'P&4Q4&'RS9'P&4'TS*9'U412.*'T?#* '#1" '5#+&<'76'8#)/9'56'7?/< 6'@'DSY,6'7#)%6'7?/< 6'WZ9'HLKHIL'MLILL NX'[ '41'$)&$6
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: !;+110(#$.&51+105&)<&$9&58510'=&2>?@AB&?C2D&#$&EFGD&H+5#5&I#1"&J+(.0&: !"#

: KL1"0(<)(6&M&9)J+(#N+1#)$&9)10$1#+J&1(+O0;1)(8&)<&B4
: !;+110(#$.&H+5#5&59+;0=&;)"0(0$1&5L90(9)5#1#)$&)<&"L$6(065&)<&51+105
: >P&1(+$5#1#)$&#$;JL606Q&4P&1(+$5#1#)$5&<)L$6&1)&H0&*0(8&I0+,&#$&;)'9+(#5)$

Peng Yin, Weijie Du, Wei Zuo, Xingbo Zhao and James P. Vary, J. Phys. G Nucl. Part. Phys. 49 125102 (2022)
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Solve EOM for CM motion in external field:

Vpot =Vc +Vpol

VI (t) = time-dependent electric dipole field 

            acting on np relative coordinates
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• Need for increased theory effort at deriving and validating EFTs
 Expand multi-disciplinary and multi-national collaborative efforts

• Need for enhanced computational power to greatly expand basis spaces
 Artificial Intelligence and/or Quantum Computing can be keys to progress



! !"#$%&'%()%*#+%,-./')*01*.+&'.-'2345&'*.*%'
#&0-0)%'6.7#/#-#%&

! 4(-%,$&'-8%')*%$#7-#9%')0:%*'06'!" #$%$&$'#,"7/%.*'
-8%0*;'<%;0,$'-8%'*%.78'06'7"**%,-'8#18'
)%*60*+.,7%'70+)"-#,1'&#+"/.-#0,&

! 4&-.</#&8%&'60",$.-#0,'60*'$%%)'/%.*,#,1'-00/&'#,'
,"7/%.*'-8%0*;'"&%6"/'60*'.':#$%'*.,1%'06'
.))/#7.-#0,&

!"#$"%"&'$&()'$*)+,-'&.!&"($."%"&)/&0"(1(,($.

• Develop ANNs that extend the 
reach of high performance 
computing simulations of nuclei

• Predict properties of nuclei 
based on %4*')','"*structure 
calculations in achievable basis 
spaces

• Produce accurate predictions of 
nuclear properties with quantified 
uncertainties using fundamental 
inter-nucleon interactions such 
as Daejeon16

2(3('4&0)5(.'"63

!""#$%"&'()(*$+,'$-./0"&'$1)(2)(*$3("'*4$&(2$5&2).6

!"#$%"#$%#$&'()*+, -$'+$,.#-$/012#$3'4#$5$!! -$67896:$;<6=>?@
!""#$%&&'()*+,-$.,#$.(*/&#*0&#12&34.3345&6!7$89:;.<<.4=>54?
5)A+,B+2C$$D4,E1F*,2+,+'#'GH@$'(A(F.I.#()4 $

# Developed artificial neural networks (ANNs) for extending 
the application range of the*%4*')','"*No-Core Shell Model 
(NCSM)

# Demonstrated predictive power of ANNs for converged 
solutions of weakly converging simulations of the nuclear 
radius

# Provided a new paradigm for matching deep learning with 
results from high performance computing simulations
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%$$$U0SS0O4$/TTS+X/M+0E$0L$8*UV([5*$D0@CS$0E$hP/EMPD$X0DTPMC34$$$$$CD%$3-4-1EF*GHHI7HJKKLM

%$$$RC3C$OC$/@0TM$M.C$R/D+SM0E+/E$P4C@$+E$/E0M.C3$T3CF+0P4$O03AG

! 8/4+4$3CT3C4CEM/M+0E$<8*UV?$+4$AC7$M0$3CT3C4CEM$M.C$R/D+SM0E+/E$0E$hPQ+M4
! bD/SS(4+WC$R/D+SM0E+/E4$<J(Q7(J$/E@$&'(Q7(&'?$/3C$P4C@
! ^+3CXM$CEX0@+EN$/E@$X0DT/XM$CEX0@+EN$/3C$X0DT/3C@
! i+M.$CF0SFC@$4M/MC4G$@CX/7$X0E4M/EM4#$1^U4#$M3/E4+M+0E$/DTS+MP@C4#$I$I$I$

CN&+(F*GHHL7OPKHQM

C;$$<$/F*OGHK7LIKQM
CD%$3-4-1EF*GHHG7HRHOQM

More qubits, less circuit depth (4-by-4 case):

Fewer qubits, greater circuit depth (4-by-4 case):
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Many outstanding nuclear physics 
puzzles and discoveries remain

Spin structure of the proton
Exotic systems including glueballs

Origin of successful constituent quark model
Origin of the successful nuclear shell model

Clustering phenomena
Nuclear reactions and breakup

Astrophysical processes & drip lines
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