Quantum Computing in NP: Nuclear Structure and Dynamics

A. Baroni, A. Roggero, |. Stetcu, J.C.

State Preparation on QC: variational for Shell Model

Promise of Quantum Computing: Scattering and Dynamics - BT
Linear Response is a natural early application 0'6 : [ T
Short time evolution contains a lot of information . 1o e
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Single-particle entanglement (left) and mutual information for HF s.p. states

State Preparation on QC: exact (in preparation)

'8 0.12 | T T T | |2(|) T | 'g. 0.125 :l & T 1T | T 1T 17T T T 1T T 1T 17T | T 1T 1T T T 1T 1T 1
= C .
& Siwa_ Ne A 0.100 F ¥ -
CF Y LT T TPy G B W wnn - =~ [ -
£ 0.10 - N"‘-O—--_-_...._ aomw A7 S C i P h——————— 4 .
S A T ] 00075 TTTT=== - 4
: X OF s :
C% — | R . C% = ——— l 1 l (R l T l F——— l (R l
10-1 ﬁm@. LA L L B B I g | | I I | |
%Q%%:Q.Qﬁ?.%@m@gpo 0600000000 - ok
- s Epeeee Qe - "5%5“‘ I
107 ?M\'.\ After J? projection E 10 = \‘I;':"ap.__ E
= E \0:\‘ —-4A- Gaussian 3 > u \¢:~:\\\ ~~-e ]
Lot | TN T PR - BF
S 2 SN Sms_=4- QPF (¢ and §) E 2 107 & ~®- Constant B N -
S - No projection™ S ST i3 = , Y
°° 10-4 -@- Constant ~‘ e Tl ? - —4- Gaussian ~
= -2 Gaussian NN “A-——g - —4- Exponential N
sEoa o 10" £ -4 QPF (t; and 5)) RN
10 R VA Q (tz and 61) \ = i i . 3
E T A T N KN TR SR SR S T S ’ (a1)§ Ol b b by b Ly |‘ 1l
0.0 0.5 1.0 1.5 2.0 0.0 0.2 0.4 0.6 0.8 1.0 1.2

tA/m tA /7

In response & spin models doing what we can now  Time evolution required ~ 3/A (similar to QMC)

and planning for QC

Projection on symmetries



Coherent Neutrino Evolution

B. Hall, J. Martin, A. Baroni, A. Roggero, H. Duan, V. Cirigliano, J.C.
(See also works by ORNL, M. Savage, ...)

Simple 2 beam model with quench (static H)

Vacuum oscillations + MSQ + v — v forward scattering & initial product state

H=H +H, Enough symmetries that we can do 100’s of spins
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Simple mapping of spins to qubits 5°°° - =
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Works well for large N
2, g g 3 More ‘realistic’ dynamical model (B. Balantekin)
3 2, 12 spins: 8 up and 4 down in flavor basis Hz2 decays w/ time
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Previously calculations in mean-field approximation |
Register for LRP meeting on Quantum Computing \ Avoided level crossing
Jan 31-Feb 1; Santa Fe Hilton 1 = e~ More general dynamics
See details on IQuS web site under workshops = Large Gap / Adiabatic evolution

Link for registration

Energy levels vs time Spectral swap / Dynamical phase transition



