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TMD factorization & SIDIS (for T« 1)
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Nonperturbative structures in pheno GTMD(z, ky, A)

Barry, et al (2302.01192)

Interpretations
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“Importantly, we have checked that the differences between /

the proton and pion (bT [x)are completely due to the These integrals are often
nonperturbative TMD structure, independent of the collinear

PDFs” divergent




Conventional organization
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Steps:

Solve evolution equations to relate overall
SIDIS hard scale (1 = Q) to input scale

(g, = Qo)
How to use small by << 1/Ay¢p collinear
factorization?

*  Partition small (by < bp,.x) & large (by >
b.,.x) regions with a b,

. Define hard scale u,,, ~ 1/b,
Evolve again to connect Qg to uyp,

Place remaining NP parts in an exponent:
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—9gj/p(z,br) =In (ff/P(‘r’ T5 HQo Q§)>
fj/p(xab*;MQoaQO)
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Ansatz for g-functions

Perform small-b expansions & drop
O(Agcp binax) errors



Conventional organization

/d kird?kor f /(2. k173 g, @) Dy (2, 2kors g, Q%)@ (ar + kar — kar)

¥

e_iqT'bT fJO/I;E(be7 b* s HUb, ,ug ) D}?/I‘D] (Zh7 b*? Hb, s /"Li*>
HQ d /
X exp 2/ i,
Hb H
2

Q
X exp {_g,j/p(a;bjx b'l‘) - gh,/j (Zh~ b'l ) IK (bl ) <Q + O (bmaXAQCD)
0

/ d?br
2n)?
b(oes(u’); 1)~ In Lo >>} +10 L R ub*)}

/”Lb*

fj/p('r bT?l“’? :/ f x/fvbTanHvas(u))fk/p(£7M)+O(bTAQCD)
A\ /

Y

FONE (@, brs p, )

1)

2)

3)
4)

5)
6)

Steps:

Solve evolution equations to relate overall
SIDIS hard scale (1 = Q) to input scale

(.UQO = Qo)

How to use small by << 1/Ay¢p collinear
factorization?

*  Partition small (by < bp,.x) & large (by >
b.,.x) regions with a b,

. Define hard scale u,,, ~ 1/b,
Evolve again to connect Qg to uyp,
Place remaining NP parts in an exponent:
fj/p(xabT;/l’Qon[%)>
—gi/p(x,br) =In | =
9j /1 T (fj/p(x,b*;MQoaQ%)

K(b.; )

gi\’(bT> = — f((bT /1,)

Ansatz for g-functions

Perform small-b expansions & drop
O(Agcp binax) errors



Check consistency
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Conventional organization & problems

a2 do / dx dy dz dgt2 [GeV 4] x 104

(An example typical of conventional approach)

PDFs: CTEQ6.6, FFs: MAPFF1.0
I I I

1.0 v T
'\
Y ——— TMDgt
‘\ - - ASY
\ Q=Qp=4 GeV ST
0.8F v T s FOst .
\
\\ bmax = 1.0 GeV1
N\ _
06L N Mg = 0.1 GeV |
‘> Mp/z=0.1GeV
0.4} NN i
0.2F x=0.1 z=03 “-~_ -
y=0.5 T
OO | | | |
0.0 0.2 0.4 0.6 0.8 1.0
ar [GeV]

|do / dx dy dz dg72| [GeV™4]

102 3
103
104
10
10
1077

108
0.0

1
9i/p(®,br) = 5 M} b3,

1
gn);(z,br) = QM% b

TMDsT
- - - - ASYgr
R FOst

Q=Qy=4 GeV

bmax = 1.0 GeVv-1
W, Mg = 0.1 GeV
Mp/z = 0.1 GeV




Conventional organization & problems
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) + power suppressed

Diagnosis

1) Consistency tests will generally fail for
g-function ansatz unless constraints are
imposed

2) Noregion at input scale Q = Qy where
Agcp K qr K Qo

3) Backwards evolution...

No large, perturbative In 2—0.
T

4) /koTfj/p(SC,kT;M@QZ) ~ fip(; nQ)
Very badly violated at moderate scales

See T. Rainaldi talk, 4:00 pm WG1,
for examples in toy model
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Well-defined operators for all TM
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TMD functions at the input scale



A hadron-structure-oriented reorganization GTMD(z, ki, A)
B. Pasquini (2014)

1) Use the uniquely determined TMDs for all k¢

2) Smoothly transform directly between nonperturbative ,
TM dependence at small TM (kr =~ Agcp) & TMD(z,

perturbative (collinear) TM at large TM (kr = Q)

GPD(z, A)

3) (Approximate) probability interpretation
TMSDN:

* Parton model: /koTfj/p(x7kT;,UJQ7Q2> = fi/p(@; 1Q)

Mo
* QCD: 7T/ dkF fip (@, ks pg, Q%) = fip(i ng) + O (as(ug))
+ power suppressed

4) All should apply at input scale, Q,

5) Pheno: Must be simple to swap one
model/parametrization for another
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A hadron-structure-oriented reorganization

* Recipe: Transform a model TMD parametrization into an evolved
parametrization at other scales:
— See Sec. VI of Phys.Rev.D 106 (2022) 3, 034002

* Nob,,.,, no b

 HSO approach is equivalent to standard TMD factorization, CSS,
etc, just with constraints on the g-functions

* Straightforward to translate between standard treatment and
HSO.
— See Sec. IX of Phys.Rev.D 106 (2022) 3, 034002



An 0(a;) example
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An O(a;) example

e Parametrizing the very small transverse momentum

A. Gaussian model

— k2 /M2 — 22 k3 /M
Gauss A2y € TTTE Gauss .2y _ € P
Core’i/p(l',kT,Qo) — 7TMP21 , Dcore,h/j(Z’ZkT7Q0) - WM]?)
B. Spectator model
6 MS, MZ + k7 2M M3 + k%22

Spec1.: o 2\ _ , DSpeCt ‘ kv O2) =
Feoeso T 0) = S aa) (hige + )1 Deens RO S SR AT T 1)



Compare standard with constrained
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Compare standard with constrained

conventional
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Summary

* Switching to a hadron-structure-oriented approach to pheno
with TMD factorization improves consistency in the large
transverse behavior of TMD correlation functions

* Necessary for understanding the shapes of nonperturbative
distributions, separating perturbative and nonpeturbative parts,
etc

* Next:
— Applications
— Higher orders

— Incorporating NP calculations (lattice, EFTs, models etc)
— Spin dependent TMDs



Backup

up-quark TMD pdfs
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Backup
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Backup
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