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GOAL

d To stress-test the limits of factorization
(d Examine the general properties of pdfs

/P;rton model ........... Fi(zp;Q%) %/%ﬁ’l(xlg/ﬁ; Q) f(¢)
DIS Factorization —— l
i 2 d€ » 2 /)2 m?
Renomalizable QFT ... F(zp; Q%) — / ¢ Diles/& w7/ Q% gWlF 16 /s 9 ()] + O(A7

» Do the naive expectations from a parton model framework hold for the theories that require
renormalization?

» How important are the higher twists?
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HOW? (1 Using Yukawa theory

QCD

* Non-perturbative

* Confinement

* Asymtotic freedom

e Soft gluons

* Light-cone divergences
* Renormalizable

Yukawa

Perturbative

Hadron state is not a bound state
All interactions are pointlike
Renormalizable

» Yukawa is simpler than QCD but still useful for highlighting general but subtle properties of
parton densities and for examining the limits of factorization while side stepping issues like
confinement, large coupling, gauge invariance, and other complicating features of QCD.

» |t is possible to compare the unfactorized results with standard collinear and TMD factorization

treatments.
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THE EXACT/UNAPPROXIMATED STRUCTURE FUNCTIONS IN YUKAWA MODEL
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FACTORIZED RESULTS: SIDIS and TMD Factorization

Two types of factorization schemes!

k2 m?
Fi(zb, Q, k1) = TsmanFi1(zbj, @, k1) + Tharge [F1(2bj, @, k1) — TsmanF1(znj, @, kT)] + (’)(Q—E X o7
T

m2
= W-term + Y-term + O ( 02 )
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EXACT VS FACTORIZED RESULTS
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EXACT VS FACTORIZED RESULTS
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EXACT VS FACTORIZED RESULTS
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EXACT VS FACTORIZED RESULTS
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EXACT VS FACTORIZED RESULTS

F1,2(-’l3bj,Q;M) = F%(-’Ebj,Q; n) + Ff,lz(xbj,Q;M) + 0(
. n=0.1GeV @ =20 GeV
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EXACT VS FACTORIZED RESULTS

F1,2(-’l3bj,Q;M) = Flv,‘;(mbij;ﬂ) +Ff,,2($bj,Q;#) + O(
p=1GeV @ =20 GeV
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EXACT VS FACTORIZED RESULTS
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EXACT VS FACTORIZED RESULTS

F1,2(-’l3bj,Q;M) = F%(-’Ebj,Q; n) + Ff,lz(xbj,Q;M) + 0(
=10 GeV @ =20 GeV
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EXACT VS FACTORIZED RESULTS

F1,2(-’l3bj,Q;M) = Flv,‘;(mbij§ n) + Ff,lz(xbj,Q;M) + O(
=15 GeV @ =20 GeV
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EXACT VS FACTORIZED RESULTS
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THE INPUT SCALE (Q,)

Fi(z ; Q7 ﬁh £ 2/Q? 2
, yefgﬁuBmM/Qmwm%mme»Hmm2
Q2

12 x107°
K |
| I
— -——— — " I
| —/Q=1Gev | o
/ Q=5GeV 0
~~ -/ — l |
|/ Q=10GeV | .
- —/--Q =20 GeV i I |
:E 6 : ’/// i/ :
H : '// ,’i : 1
________ _ j |
_ | /
\/h“_‘ | J / :
| .’! |
S —7
- | l
S - ' I
B |
~—_ | |
.___1_____, I
N . . . |
0.2 0.4 ll | |
0.6 0.8 1

4/11/23
XL bj



TRANSVERSE COORDINATE (by) SPACE
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., p=0.1GeV @Q =20 GeV

CONCLUSIONS

» The naive expectations from a parton model framework may

zFi(z,Q)

not hold for the theories that require renormalization

» The Y-term contribution is necessary to maintain a good N
™ \\ — Unfactorized
< \\\ W term
. —~ \\ D -Yytcrm

agreement with the exact results SRS
=2
E
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OUTLOOK

» Repeating the calculation for the polarized case

THANK YOU FOR YOUR ATTENTION
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