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My PhD Thesis: the roadmap
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Hadronic structure picture
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Useful relations with caveats

Hadron structure interpretation but not true probabilities:

GTMD(z, k., A)

Can become negative sometimes

PDF(x) < 0, TMD(x,k;) <0

Naive relation doesn’t hold

PDF(x) # szkTTMD(x, kr)

They run with the energy scale(s)

PDF(x) = PDF(x;4) (DGLAP)

TMD(x, k) = TMD(x, k7 u, &) (CSS)

Lorce, Pasquini et al 11



Convenient b, space

Just a Fourier transform away
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Tail of the TMDs from OPE

]};',H(x§ by u, &) = Clj(xa by u, ) ®]§/H(x§ u) + O(mby)

o S This means that the TMD must match the OPE for
An explicit verification in the Yukawa model kT///t > ] (ﬂbT <1

(PhysRevD.107.074031)

%1073

7 .

NP transverse momentum parameters needed

Calculated with perturbation theory



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.074031

Integral relation (QQ)

— DGLAP with “new” kernels
u (3D info) (1D info) “violation”
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MS PDF Scheme change terms

See also: Rio, Prokudin et al (PhysRevD.110.016003)
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Large logs

]};-,H(x; by, u, &) = élj(-xa by u, ) ®]§/H(x§ u) + O(mby)

b(by) = {bT’ mbp < 1 Auxiliary parameter (not physical)
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CSS parametrization

Conventional approach

fisp (b1 10, Q) = fi0" (25 b b, 1, ) X
L ‘i ] _
xexp{ [ b astin - (Q,)W (as())| +1n (Q)Kw*;ub*)}

w. ML U

X exp {—gj/p (,b1) = gk (br)In (§0>}

OPE is recovered at small b (but...)

~]31;E (23 b*,,LLb s b, ) Cj/] (:E/f b*7ub*7ub )®f]’/p (57/'1“17*) +O( zb?nax)



CSS parametrization

Conventional approach

fj/p (; br; 110, ()) = OPE at optimal scale X

x  Evolution from optimal scale to the desired one

x  Nonperturbative contribution

OPE is recovered at small b (but...)

~331;E (337 b*7 ,LLb*,,Ub*) — 6;]/]' (:E/fa b*7 Mb*aub*) X fj’/p (57 :ub*) + O (mzb?nax)



What could go wrong?

b,..x dependence propagating in both TMDs and cross sections -,

~

Risks: prediction and interpretation o éiz;fT) = O(mbmax)

|do / dx dy dz dqt2| [GeV4]

Tail mismatching at k-/u ~ 1 and beyond

Risks: misrepresenting perturbative/nonperturbative contributions

Integrate relation not satisfied

Risks: pseudoprobability is lost
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HSO parametrization at the input scale

(Fixed scale additive choice)

oPE O(ay)
Jinpt,i/p y W IU'QO’ 0 IV k% + m2 Z/p ILLQO 2y, Q() k% 1+ m2 Ve k% + mQ i/p 7“’@0

f , Any nonperturbative model
T C%/pfcorc"/p(l’ ke QO) — (Gaussian, lattice, EFT...)

Easily swappable

Pseudoprobability interpretation is saved by construction
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All orders fixed-order additive HSO
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Results
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Testing predictive power

Just RG evolve low-energy fits
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data / thy

g7 x do/dgt [pb/GeV?]
(@)

Testing predictive power

Different fits on the same experiment
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Testing predictive power

Different models on the same experiment
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Possible extension

Resummed in £, space

Transverse momentum Resummation
and Analytic continuation into the Deep Infrared

Andrea Simonelli®*!
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QCD with hybrid platforms

Simulate quarks and gluons with different quantum resources

QCD Lagrangian £ = 1 (10",

Qubits y
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Hadron structure on a quantum computer

Building on
Quasiparton distributions in massive QED2: Toward quantum computation ACt U a I h a rd Wa re i m p I e m e n t at i O n
Sebastian Grieninger ,1’2’* Kazuki Ikeda ,1’2’T and Ismail Zahed'* i n CO I I a bO r at i O n W i 't h CO m p a n i e S

Tensor network simulations of quasi-GPDs in the massive Schwinger model

Sebastian Grieninger 234 Jake Montgomery T Pelix Ringer ,** and Ismail Zahed*®

quasi-PDFs and GPDs
(boost excited state)

QED2 QCD2

(Schwinger model) quasi-FFs (non-Abelian)
(real time dynamics needed)

TMDs? (Higher dimensions)



Summary

 Consistent TMD parametrization

« pQCD and operator constrained are satisfied
* Predictive power increases: tested

 Model independent

 W+Y matching (not here)

* |mprovable with better models and resummed versions

 Hadronic structure with qguantum computers
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Industry level effort ..o

Superconducting qubits

(
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Trapped ion qubits
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New paradigm: Hybrid architectures ... ...

Superconducting Trapped ion Neutral atom
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Platform dependence: Native gates, Coherence time, Connectivity, ...



Fits comparison
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