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e Diffraction describes large rapidity gap events as shown here for a HERA event (1993)
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INTRODUCTION
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e There are varieties of diffractive processes depending on the measurements
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INTRODUCTION

Interesting for studying GPDs

6 . o o o . | . .
inclusive diffraction exclusive diffraction
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region > X X = J/4, Jety + Jety, - -
X

X

incoherent diflraction

large rapidity gapv) forward coherent diffraction\
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P = Jet
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Focus of this talk

e There are varieties of diffractive processes depending on the measurements
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WHY STUDY INCLUSIVE DIFFRACTION?

€

|
H
_|_

P

e Observation of diffractive process imply direct and leading access to Glauber exchanges at the
cross-section level!

® Nature of pomeron
® Transverse momentum dependent form factors (hadron structure)
® Small-x and saturation physics (BFKL and heavy-ion)

e Ample existing data and bright experimental outlook!

® |0% of HERA and 20% of EIC. One of the flagship program for EIC physics!
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WHY STUDY INCLUSIVE DIFFRACTION?
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e Traditional QCD approach so far: Usual hard-collinear factorization for large Q2

Foyp ~ ZH@Q/L ® f;

Collins “97, Berera, Soper “95
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WHY STUDY INCLUSIVE DIFFRACTION?
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e Traditional QCD approach so far:

“The reader may also wonder why we don’t frame the analysis in terms of the distribution of partons in the
pomeron. Our excuse is ignorance.

’»

Berera, Soper "95

“However, | will not at all address the separate and important question of whether Regge factorization is also
valid....

... The factorization theorem that has actually been
proved, and is stated above, is somewhat different; it has hard-scattering factorization but not Regge factorization.”

and many more... Collins 97, *01
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GLAUBER-MAN TO THE RESCUE!

€
Glauber SCET to the rescue! Rothstein, Stewart, " | 6
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e Traditional QCD approachs A
“The reader may also wonder | partons in the
pomeron. Our excuse is ignora | l
| Berera, Soper "95
My v [
“However, | will not at all addre See also Anjie and Adi’s talks >rization is also
valid....

... The factorization theorem that has actually been
proved, and is stated above, is somewhat different; it has hard-scattering factorization but not Regge factorization.”

and many more... Collins 97, *01
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KINEMATICS

Usual DIS variables Diffraction variables
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e Not all variables independent. e.g. 3 for DIS

(in)coherent diffraction has (7) 6 independent variables :
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STRUCTURE FUNCTION DECOMPOSITION
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e P dependence gives extra structure functions relative to the usual DIS
g | I
FL and F2 = longitudinal and transverse photon polarization Fi = Pi,p Bt m | 1,N WH
F3 and F4 = interference terms

e Y and ¥ dependence are only in the coefficients cos! =cos! (®y,aa)
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STRUCTURE FUNCTION DECOMPOSITION
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e Much of the literature have missed the significance of these interference terms
Notable exception: Arens, Nachtmann, Diehl, Landshoff "96
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IMPOSING GAP CONDITION

|. collimated jet conditions

2 12 _ 2 2
W=l p“=mj,mg

[l. rapidity gap
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Use Glauber SCET to factorize!
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GLAUBER FACTORIZATION

q! s(!4,!,!)
2 "
px 1, s(t ) R
1,12 s
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wht = st ey @t nu )t MMIB Gy py tmE a1+ O()
/ N,M
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e where S and B are, respectively, vacuum and hadronic matrix elements with Glauber operators

e Explicit computation shows that all Fi are same scaling in |
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GENERAL POWER COUNTING

e Diffractive process have multiple ratio of mass scales that enrich the analyses

!—!Q_, = "t, "_!mJ—, !l_!QCD
S Q T T Q
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FZ! ) |_H2 !_1Q1IJ' fl/p !1#1t1mjiu (1+O($t)) 4_8ma”t

Collins “97, Berera, Soper "95

e Literature focused on the hard-collinear factorization so far
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GENERAL POWER COUNTING

e Diffractive process have multiple ratio of mass scales that enrich the analyses
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REFACTORIZATION OF DPDF

e Diffractive process have multiple ratio of mass scales that enrich the analyses
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e Simultaneous expansionin ! and { give explicit refactorization of the diffractive pdf studied in the literature

fop ! Sec(l, " ur k)" B(t,m3,up k) (Field Theory Analyses)
1 o . |
fp | oz "o ()F# 2 OF s (S #,1,1) (Ingelman-Schlein Model
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LEADING ORDER SOFT FUNCTION

Any attachments here are
power-suppressed in ! ;

LO " M\2 | LO " 2
Si,{A},{B} Q% 1, X, Uk . Si Q X I:){A},{B}
j argey Q% XUk T (Ar 4B} Lmj,u k ( ("))
M " % NEM 2 )
= Si'—o (Qz,! ,X,t)# Piay.iB) v FEN’M ] Biay.(B) t,m%,u! K { #} is universal in1 = 2,3,4L
N,M K I
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RATIO OF STRUCTURE FUNCTIONS

Fi(X1Q21!1t)| _ Si(X1Q21!1t)‘ | 9 | #1
F26 Q%1 S(xQ%1, ) T T T Q
A
= 5 1 *S) is suppressed in !, relative to S SP S
¥4 — *Each of these combinations must be positive
Comes from the fact that the cross-section matrix of various helicity
states of virtual photon and proton must be positive-definite.
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RATIO OF STRUCTURE FUNCTIONS
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S is suppressed in !, relative to SP S% S

* With the larger coefficients for F; relative to F,
we have a great opportunity to measure new
structure function!

—
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Q * Concrete perturbative predictions for the
diffraction!
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CONCLUSION

e Carried out power-counting analyses for different hierarchy of scales present for diffraction

e Achieved factorization using Glauber SCET for diffractive processes

e Carried out simultaneous expansionin! and !, in order to factorize the diffractive PDF and
identify the usual hard matching coefficients from the soft-functions

e LO analyses gives explicit predictions in terms of the ratio of structure functions

OUTLOOK

e Higher order and resummation e Connection to saturation

e Generalization to polarized case e Refactorization of the beam-functions
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