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Real-time dynamics of QFTs

* Want to study real time scattering of QCD in 3+1D ~ | d*x eip'x<Pf\ T4 O(x)é(())} | P;)
* Need understanding of the partonic content of the /
theory do B F , \\ </ &
Trag? ~ 2 ® .09 e
* Nonperturbative at low energies: g
Simulations on lattices in Euclidean time * Want to do these simulations on a quantum hardware
Use Hamiltonian formulation? — PDFs are near-term goal Jordan:Lee, Fresidl

* In collaboration with:

* Very difficult: use the Schwinger model as test bed

Sebastlan
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Quasi-PDFs

do
e PDFs: d0? Zf /A(X)QF (x, Qz)
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Quasi-PDFs

e PDFs:

Collins, ‘I |
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Quasi-PDFs

do
e PDFs: d0? Zf /A(X)QF (x, sz)__
Collins, “I | Coop
” dZ_ o ~ixz Pt
Jilx) = J S5 (17 (0,27)W(z7,0) y* y(0,0) | >

* gPDFs (accessible through lattice MC) Ji. ‘I3

1 1 +v
** For velocities |v]| < 1 )(=51n<1_v>

1 > dZ : 1
X, —— _e—lZXP ()()
q,(X, %) > LO o

H1 and ZEUS

South, Turcato "1 6
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Quasi-GPDs

o : (P=P) Diehl, ‘03
I [ dz” ixz P — — —
F .80 =2 S € (P& |y (0,27)W(z™,0) y" yi(0,0) [ p(E))

extension to include transverse information for exclusive processes
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Quasi-GPDs

. : _@=-pP) Diehl, ‘03
GPDs: /r ¢ = Pt P e Pt N (=E) P
1 (% dz= . .. o ~
F(x, & 1) = EJ ot Ap©) | w(0,27)W(z7,0) yF y(0,0) | pi(&))
—o0 % (1+5) P (1-gp?
extension to include transverse information for exclusive processes
4527}12
*qGPDs Ji 13 s |n |+|D,t = — ! N
] — &2

1 (% dz . B - i ,
H,(x,&, ) =_J — =P ) (| e UK (— ) W(~2, 2) YO y(2)e - XK )
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1
Y = sinh~! (P (Z)(l ¥ 5))
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Schwinger Model

. 171 1 U chwinger "50s
* QED in I+1D: g:w(lyﬂDﬂ_m)w_ZFwFﬂ Schwinger 50
- Confining — toy model for QCD
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Schwinger Model

. 171 1 U chwinger "50s
* QED in I+1D: g:w(lyﬂDﬂ_m)w_ZFwFﬂ Schwinger 50
~ Confining — toy model for QCD

* Put on a lattice, use staggered fermion, and

solve Gauss’s law
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Schwinger Model

: . — 1 Schwinger "50s
oQED in |+1D: g — l//(lj/'uDﬂ _m)l//_ZFﬂUF,uv g

) ( Py )
o=\ -
§0n+1

m<n

~ Confining — toy model for QCD

* Put on a lattice, use staggered fermion, and

solve Gauss’s law
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Schwinger Model

: . — 1 Schwinger "50s
oQED in |+1D: g — l//(lj/'uDﬂ _m)l//_ZFﬂUF,uv g

) ( Py )
o=\ -
§0n+1

=iz, x-iv),

m<n Kogut, Susskind "70s

agZ N— 1 & 2 1 N-2
2(5%(—1)m+zm> | 4aZ(X”+1X”+ AR Z( 1y'Z, —Zh

n=0

~ Confining — toy model for QCD

* Put on a lattice, use staggered fermion, and

solve Gauss’s law
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Schwinger Model

: . — 1 Schwinger "50s
QED IN |+ID g — l/j(lyﬂDﬂ_m)l/j_ZFﬂl/Fﬂy g

) ( Py )
o=\ -
§0n+1

=iz, x-iv),

~ Confining — toy model for QCD

* Put on a lattice, use staggered fermion, and

solve Gauss’s law

m<n Kogut, Susskind "70s
_ag’ ~ R m &
Z( Z( 1)m+zm> oy D (X X, +Y,,07,) ; ). =Z,= ) h,
n=0 n=0 n

K = dex%(x) — Z anh,

_ 1 N2
P = A4 2 (Xn+2Z 1t = Y, 0d, 11X, )
a n=0
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Tensor Networks

* Matrix product states (MPYS)

=3 (T s s = () -
. 51 Sn—1 Sn Sn+1 Sy

Penrose graphical notation
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Tensor Networks

* Matrix product states (MPYS) Bond dimension D

Physical local Hilbert, dimension d \_/

Penrose graphical notation
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Tensor Networks

* Matrix product states (MPYS) Bond dimension D

Physical local Hilbert, dimension d \_/
* Vacuum and hadron state preparation

Penrose graphical notation

(P(A) | O P(A)) costs O(ND>d)

| Q) ~ |P(A)) = argmin [

(P(A)[H|¥(A)) ]
¥(A))

(P(A)[F(A))
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Tensor Networks

* Matrix product states (MPYS) Bonddmens on D

o= 3 (11 ) s =
(s} \n=lI ; ;

Physical local Hilbert, dimension d \_/
* Vacuum and hadron state preparation

[ (P(A) |H|F(A)) ]
(P(A)[F(A))

Penrose graphical notation

| Q) ~ | P(A)) = argmin (P(A) | O | W(A)) costs O(NDd)

'F(A))

* Unitary evolution

; |
d_)(\n()m = —iPKIn(p)) — [n(n) = e TS p)
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Approaching the light cone

« State preparation: small variances achievable 0Eg/m, ~ oE, /m, ~ 10~

* |n continuum:
(nle™ : A : e=®|y) = m, cosh(y) (n|e™ : P : e~ |y) = m, sinh(y)
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Approaching the light cone

« State preparation: small variances achievable 0Eg/m, ~ oE, /m, ~ 10~

* |n continuum:

(nle™ . H : e |y) = m, cosh(y) (n1e® . P e |y) = m, sinh(y)
e« For N =400,a =0.075,m/g =0.2:
201 20T
— H: m
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261 : 1
_ ixzP
q,(x, ) = . Z,e P ) x
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qGPDs

* Analytic calculations: 2 particle approximation for DGLAP, WKB for ERBL
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Quasi-PDFs
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Conclusion

* Quasi PDFs/GPDs for Schwinger model accessible using tensor networks
* PDFs exhibit convergence at modest y

* Provide benchmark for future quantum simulations (in progress...)
* Can be crosschecked with Euclidean time MC methods

* gGPDs and exhibit correct properties

Stony Brook =
University
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