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Balance two (somewhat) competing goals

— Maximize predictive power from leading twist
collinear pQCD as Q =

— Find sensitivity to hadron structure (typical
experimental scales: Q = 1 — 4 GeVs.)



Boundaries of regions
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Collinear factorization

e TMD version
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How it works in an easy case

» Stress-test DIS factorization in other finite-range,
renormalizable theories

(a) (b)

ﬁint - —)\ﬁj\f wq Qb ‘|— HC

* Exact O(1%) (SI)DIS cross section is easy to calculate



Parton densities with MS-bar renormalization

e Collinear /

dw™ g — - +
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* Transverse momentum dependent (TMD)
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Parton densities with MS-bar renormalization
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SIDIS structure functions k)
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SIDIS structure
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W+Y method vs power corrections

2 4
W term + subleading (Z—g)+ subsubleading (Z—Z)
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Factorized collinear structure functions

LEbj xbj
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The generalized parton model

* Only use TMD pdfs and ffs:

Fi (25, Q, 20, PpT) = Zﬁfjg /d2k1T d*kar fi/p(zj, kim)Dp /i (20, znkor)0® (qp + k1T — ko)
3]

GTMD(x, k. A)

* Integrate over transverse momentum

oI sy g .
‘ F1,2($b_]7 Q ) - Z Z F1,2 fl/p<be> TMD(z, /‘;) { : “ GPD(x, A)
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with
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/dzh/d2k2T znDpyji(zn, znkar) = 1 B. Pasquini



The generalized parton model (GPM)

Relative contribution
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Cross sections in transverse

x107
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Separating large and small transverse Mhadron = Mspectator = 1.0 GeV

e The b« method

fq/p(xbj,bT;M) = fq/p(dfbj,b*;u) z
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e Use the OPE

fq/p(xbj,bT;M) =

FOPE
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et*e- annihilation
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E. Moffat, et al Phys.Rev.D 104 (2021) 5, 059904

Blue band:

— from survey of
non-perturbative fits

Pink band:

— Large transverse momentum
calculation, width from varying
RG scale

Green:
— Small gr/Q — 0 asymptote

No overlap in the transition
region for smaller Q
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Hadron structure oriented (HSO) approach

e W-term

Wi(qr,Qo) = /d2k1T d*kor f(z, k175 Qo) D (2, zkar; Q0)0'® (qr + kir — kar)

e Evolution
W(bT7 Q) — W(bTv QO)E\(Q7 QO? bT)

/
Y
“Straightforward”

* Need input TMD pdf & ff for all k;+ and k1



Hadron structure oriented (HSO) approach

* Probability density/ partonic structure interpretation

Q2
fio(; Qo) = / QK2 fi (@, ks Qo)

e Consistent large k; behavior (LO for now)

Ql, 11 5 .
B2 +%%A9/p(fﬁ#@o)

kr~Q 1 1
f(ZU;kT;:uQmQ(Z)) T%0 o k?r [Azf/p(x;,qu)—I—Bz.f/p(x;,qu)ln



Impose a partonic interpretation at the input scale

(Integral constraints even for g-function!

e HSO constrained Gaussian NP core

1 1 Q2
o bovs iy, o) 2m k3. +m3%/p [ i/p (T3 Qo) + By (@3 1 ) In k% +m?%/p
— 2 - z—Af/ (@5 1Q,) + Ci/zp oM,
) 0
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. HQ s (pQ,) i/ ) / ,
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e Standard version
1 1
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Impose the partonic interpretation at the input scale

conventional constrained
102 3 T T 3 1072 I T T T T T T
- 0.1 GeV < Mg < 0f/4 GeV 0.1 GeV &K Mg=mg < 0.4 GeV
103§ 0.1 GeV < Mp/z £ 0.3 GeV - 10-3 0.1 GeVY < Mp/z=mp/z < 0.3 GeV _
< : 3 — 3
> : L TMDyso
8 104 ] é lo4L ASYhso
T <
o [ o
©
N 107 < 105F
o ©
=) i )
X -6
S 10 S 106k
o o
k=2 - 1 °
1077 3 x=0.1 z=0.3 E — 107 L
i y=0.5
10-8 L L L L L | | 10-8 | | A A | ! !
0.0 0.5 1.0 15 2.0 25 3.0 35 4.0 0.0 0.5 1.0 15 2.0 25 30 35 4.0

ar [GeV] ar [GeV] 24



Conclusions

 Monte Carlo question: Importance of "large” vs “small”
transverse momentum?

* What does large/small transverse momentum mean?

* Answer depends on how simulation is to be used:
— Testing notions of intrinsicness / partonic structure

— Precision at high energies?



