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Hard Scattering versus Diffractive Scattering



ard Scattering Collisions

f/
/ / \\

® energetic particles transverse
to the beam

ATLAS

EXPERIMENT

® probe physics at

® measure particles (H, W, top, ...)

& Interactions in standard model

® search for new physics

@ study dynamics of the proton



| | | LHC HI (2018)
Diffractive Scattering | ‘

® forward scattering process

® (small momentum ’cransfer)2 =1 HERA (1993) -+
® scattered particles may — |
remain intact (coherent) mﬂm + / =
or not (incoherent) s H[H — = M{E_e-—
e |
® empty angular region . =
(“rapidity gap”) | 0
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Diffractive Deep Inelastic Scattering (DIS)
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Focus today: single gapped Diffractive DIS
e p—>e XY,

RCAL

| will also briefly discuss the extension to pp scattering.
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X & Y systems separated by angular gap
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Why study diffraction??

Cosmic ray
showers

i Forward
A (Regge) physics

Saturation of New probe of
nuclear matter WA hadron structure ‘New physics




Why study Diffraction?

partlcle
or “jet”

In 1/x

Y =

Aéep In Q?
Og ~ 1 Og <1
Figure from [Accardi et al, 1212.1701]

8

e Diffractive cross-sections give

access
to Regge physics!

= Nature of
= New hadron structure

( )

= Small-x and saturation physics

( )

—1
X ~—<1
S

See your YITP lectures by:
A.Stasto,Y.Hatta, Z.Kang,
and A.Deshpand




Why Diffraction?

e e Diffractive cross-sections give
particle direct and leading access
I or “jet” to Regge physics!

= Nature of pomeron

p P roton = New hadron structure
P _ (GPD-like structure + more?)
or jet

= Small-x and saturation physics
(BFKL and heavy-ion)

—1
e Ample existing data and X~ < 1

bright experimental outlook!

>»10% of HERA
»20% of EIC (flagship of program!)
»>30% of inelastic LHC events



Motivation: to understand the “Pomeron”

Example: Total pp cross section
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10 (fig by Fagundes, Grau, Shekhovtsova)



Tools for forward physics

1950s Pomeron & Reggeon description of high-energy scattering
(Regge, Pomeranchuk, Chew, Frautschi...)

1973  Development of QCD
(Gross, Politzer, Wilczek)

1977  BFKL equation for small-x evolution
(Balitsky, Fadin, Kuraev, Lipatov)

1983  Discussion of saturation
(Gribov, Levin, Ryskin)

1986  Nonlinear corrections to DGLAP
(Mueller & Qiu)

1994  Color Glass Condensate formalism
(McLerran & Venugopalan)

1999 BK/JIIMWLK equations, smaller-x evolution

(Balitsky, Kochegov, Jalilian-Marian, Iancu, McLerran, Weigert, Leonidov, Kovner)

2016 Effective field theory: Glauber SCET

(Rothstein & IS)




What principles make hard scattering simpler?
® Scale separation — Factorization

® Single hard interaction //J \™

® | ow momentum physics described
by QCD operators




What principles make hard scattering simpler?
~ f

® Scale separation — Factorization
. . . —_— 4/—
® Single hard interaction
g ~ J \™
® | ow momentum physics described
by QCD operators
eg. Deep Inelastic Scattering (DIS): e p = e X
7 7 parton distribution function
0)? > AéCD (probability to find parton i
with momentum fraction Xx)
e NNPDF4.0 NNLO Q= 3.2 GeV.
0 z fi(x, Q) .0: ‘a0
e /Q | =

0.6 -

0.4 -

0.2

0.0 — re———————
1073 1072 1071 10°




Deep Inelastic Scattering (DIS)
do = Hi(Q, 1) ® fi(x, 1)

- excellent description of data

- Q dependence calculable (DGLAP),

logarithmic “scaling violation”

* higher order QCD calculations
Improve agreement with data

- universal ., useful for many
observables

pp = XuTpu~
pp - XH
pp — H + 2-jets

(+ many many more)

Proton
H1+ZEUS
X =8.5e — 06 (i=26) O E665
x=1.6e — 05
05 A  HERMES
, x=0.0001 X  NMC
107 A x =0.0002 vV BCDMS
x=0.00032 <> SLAC
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X O JLab
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x=0.0013
0 x=0.002
D
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o o
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d!oxd
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— A [ 3 &"@Q
N 6“&” o il axg® X=0.026
% e x=0.035
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QN
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x=0.25
x=0.4
x=0.56
;"'-'"7.."‘"., a4 o vvvw
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10_ ] %@
YW
W9¥g§ x=0.75
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Diffractive ep Scattering

e p—>e XY

X = one or more
hadrons

p Joor

P .—’—"(O Y = Forward

proton or jet



Diffractive ep Scattering

® Scale separation — Factorization ?
® Multiple forward interactions

® Description of [P and rest of process with operators?



Hard-collinear Diffractive Factorization

e DIS style hard-collinear factorization for large Q2

Collins *97, 01, Berera, Soper "95
D 2/L D
T« BD o~ YNl
)

/1

same as DIS DPDF

DPDF = Diffractive parton distribution functions

(e X ¢ 2 Depends on more kinematic variables
l ’ ,5 b My, H Does not address Regge Factorization or nature of P

Treatments of diffractive Regge physics usually rely on models >

Ingelman-Schlein model is quite popular: —

fz'l/)p(<7 57 t, m%ﬁ :u) — fz/P(Ca :u) fIP’/p(€7 t, m%’)

s s

|7



DGLAP evolution

describes 02
dependence

Ingelman-Schlein
as boundary
condition
for HERA fits
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The dPDF description of Diffraction fails for pp collisions

Non-universal dPDF? Factorization Violation?

Data
L PYTHIAS A3
| PYTHIA8 A2
— — HERWIG7
do 1
dAn

10

Prediction 4

Experiment 2

Gap size An

Figure: ATLAS, 1911.00453. /s =8TeV, 0.016 <|t|<0.43 GeV> -4.0<logy¢ <-1.6



Diffractive ep Scattering

® Scale separation — Factorization ?
® Multiple forward interactions

® Description of [P and rest of process with operators?

Yes

Regge Factorization Theorem for ep
Lee, Schindler, IS arXiv:2508.10231 (JHEP)

Tool: Soft Collinear Effective Field Theory

20



Outline

® |ntroduction: Diffraction

== ® Introduction: Soft Collinear Effective Theory (SCET)

® Kinematics and Structure Functions

® Power Counting and Regge Factorization

® Applications and Phenomenology

21



Soft Collinear Effective Theory “EFT for Collider Physics”

EFT for hard interactions which produce

. . . Bauer, Fleming, Luke, Pirjol, IS 00, Ol
energetic (collinear) and soft particles.

Higher order Resummation
Higgs, W, Z, top, ... production

Infrared Structure of Gauge Theory
Jet Physics

Jet Substructure Subtractions for Fixed Order QCD

B-Decays and CP violation Gauge theory at Subleading Power

Quarkonia Production Forward Scattering and Regge Limit
TMDs / Nuclear Physics
(Heavy lon collisions) O

¢, P )

builds on extensive past literature
(CSS factorization, exclusive fact, pQCD...)

For guide to SCET literature see my p
review in 50 yrs of QCD, 2212.11107

Detailed description in my YITP lectures next week! 95



Relevant Momentum Regions:

“n-collinear”
p~>pL>pt

® Collinear Splittings

onshell: ptp~ = p?

o ® Hard Propagators (short dist.)

n-collinear \
) ) >‘mrm<

n-collinear

® Glauber Exchange n T
g forward scattering

n < n

<

Soft Collinear EFT (SCET)

23



SCET Fields for various Modes

gnl ) A’lfrf,l
nr o J,

Hp fna | A?,L;a o+

P - 1B
H
R J2 €n27A’rL2
S AF NWA T
£, AH s, Ag Ensy Al
ny Ny /1[[ e_
A
upd ew ® dominant contributions from specific
| L . regions of momentum space
S+ %8 | 6

0 T T
"ops [H 24



Hard-collinear factorization

mr o J

U H I

. Wilson coefficients for SCET Hard Scattering Operators

C®0O

Hp

25



Hard-collinear factorization QCD

E
i g, Iz
Hp | o+
P B , / SCET
- I‘ ) Hr, “B
p Y \\ * Us
N
3
(L E L~
Operators are built of building block fields: h
O = (B, 1)(Bn,1)(Bny 1)(Xna ) (Xns) _ . Hp
_ i ) i Wilson |In%S
Xn 1 nSn “qual‘<l.e ) W, = Pexp (zg/ dsﬁ-An(x—i—ﬁs))
B = E[ngDiWn] gluon jet o0

26



Soft-collinear factorization

nasJ

Hp o+

P /  HB

J3
1 H 0~

Soft radiation knows only about bulk properties
of radiation in the jets

(Sna, Snb Sn1 Snz STLB )

27

QCD

U H

SCET

Ly, LB

1S

Soft Wilson Lines




SCET Lagrangian at leading power
_ (0 (0) (0)
L=Ly +L)  + La

dyn
Dynamics of infrared Hard Scattering
modes operators

(typically once)

0 0 0
¢ Lfla)rd — Z 07;( )OZ( ) Leading operators for a hard process
1

C® (BnaJ—)(Ban—)(BnlJ—)(inQ)(XnB)(SnaSannlSnQ Sns)

® £(0)

_ 0 (0) Collinear and Soft dynamics
dyn Z E’fz) + Esoft
n

decoupled

O 2}@ m=)p Factorization for hard process!

28



SCET Lagrangian at leading power
_ (0 (0) (0)
L=cP +29% 4Ly

dyn har
Dynamics of infrared Hard Scattering
modes operators

(typically once)

0 0 0
¢ Lfla)rd — Z 07;( )OZ( ) Leading operators for a given process
()
P £(0>

soft

. 0 (0) Collinear and Soft dynamics
dyn Z £”$1> +L !
mn

(Factorizes after soft-collinear decoupling)

do = fafb@)&@F
5-fact :IaIb®H®H1Jz®S

29

Factorization =l




- part we need for ep diffraction

J_

n Z)]:(Lg \

LGlauber

1 1
t — = |
acts as EyEryE potential

® Operators involve quark & gluon fields, and gluon Wilson lines

n
o = %178 x, 037 = LFPOPBEL, T (P PTBYY

= (Wn) 7 Y7 = Sl X

dn

1
BZJ_ — [WJZDiWn]

30



Outline

Introduction: Diffraction

Introduction: Soft Collinear Effective Theory (SCET)
Kinematics and Structure Functions

Power Counting and Regge Factorization

Applications and Phenomenology
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Kl N e m at | CS Energy scales MO

fractions

4-vectors: {k,q,p, 7} 0% = -2 .
Familiar 2 2 2P

from DIS | =@+aq) y=52L

s = (p+ k)2 pk
t=12<0 B = 2
4 a 2q'T

. . 2 12 . k-t

Diffraction | my = p'“ > 0 X = Xp

2 _ ..2 DI
mx—px>0 Zza

p-q
p Not all variables independent:

3 for DIS, 7 for diffaction (2 leptonic)

N

> 2
0> O"’X Y S
>
t > W?
¢ > > 2 O J y,

my 32



Kinematics

Energy scales:

> 2
Q2 ) %
)
t :: 0
—> = >
m2 " 7

d{ZE, Y, Cl_i’,t, 67 m%/’}

Energy scales MO

gy fractions

Q% = —q* x=-2L

eqe 2p-q

Familiar 9 2

frompIs W =P+ Wl
s = (p+k)? pk

. 2 0 - QZ
=1 < ﬂ = m

B k-

Diffraction | m§ =p'> >0 | [ X = é

2 _ ..2 DI
mx—px>0 Zzﬂ

Not all variables independent:
3 for DIS, 7 for diffaction (2 leptonic)

I —x
2 _ 2 _ N2 2
Q“=sxy , W' =0 +m;

1-p

2 — 02 z:i(m —t)
mX_QT_I_t R Q2 Y

33



Structure Functions

4 structure functions for unpolarized:

w d%c

; : Lyw afz .z Bom2)

: : S trivial:

Y 'UJ/
L,Wp

- \

LM (k, k') = 2[KME" + KV K™ — k- K g™ + iXe™P7k ky ]

J / e.m. current
non-trivial Y N 54 / T OVNY XMY X T (0108 (m2 /2
acD: (g p,p) = (¢ +p—p —px) (p|T(0)|Y X )(Y X|J"(0)|p)d(my —p'%)
X Y
:Zwréﬂ/(cbUaXas)FiD(x7Q2767t7m%/)
7
unpolarized:
v 1 "¢
wl = —(g" —?) gn_ 2% (L Ped
Q \V 7
g = L (o — g LL)
q » o L (V“ UQVU“)
wh” = %(2){@(” UFUY 4 g — qg) Nx U

X
| VE =pt— g - q)/¢°
2—(U“X”+X“U”)

34



Structure Functions

4 structure functions for unpolarized:

d%c
\ 15%

; : Ly d{w,y, 2t B,m3)
_|_ _
= ~ ZCiFiD(x7Q27ﬁatam%/)

: 2| ¢ 53; VY
2

/ 2
P cos(@), cos(2¢) ~ _ YYD _ Y pD
0 (00 Dy L

+(1—y)cos20 FP + (2 —y)4/1 —ycosngf}

- \

| -

T—z/B+(2—-y)xz
20/(1 —y) (22 —2/B — t/Q?)

cos ¢ =

—1 <cosp <1

35



Scales Diffractive Limit

= >
——» > 0
Soft
Glauber wu

’ > .<C) collinear
Forward Scattering: x < 1, — t < W? Key expansion:
X &Y distinguishable: 71 < W*, m3 < W? Q’ _

x~v— =1

Rapidity gap: v/ S

(Regge limit)

36
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Power Counting

Power counting o @ A — V-t yo y o Ay — Aacp
parameters Vs Q V=t Toen V-t
vy =+/E,/E,
l. collimated “jet” conditions W? > p”? =m3j, m% W2 = Q? "
X
1 —
. p’T Py mg = Qz—ﬁﬁ +1
Il. rapidity gap for X & Y — >
P Px
3 .
/ Is this enough to make
> {PR : 79
2 event “diffractive” ?
Y\ b
—>
t > W*
¢ > > zOJ y,

38



Signal vs. Backgrounds?

Coherent Incoherent
diffraction diffraction
T Yes T Yes

Is it small x? Is it mediated

Did the proton
(Forward remain intact? by a color

scattering) singlet?

iNO

Is the event
gapped?

Gapped hard |n<;?1|;il;ent
scatterin -
J diffraction

39



Is the event
gapped?

€eo

PB

My

Backgrounds?

Is it small x?
(Forward
scattering)

Gapped hard
scattering

DVCS (non-small-x)

exclusive jets (eg. 1-jettiness,
gaps between jets, ...)

@ r

Yes

k/

Diffraction

Is it mediated

by a color
singlet?

Quasi-
diffraction

PX

irreducible
background



Backgrounds?

------
e” S

- .
™ ~

i Is it small x? Is it mediated
s the event (Forward

by a color
scattering) singlet?

All gapped

o -
Gapped hard ', & Sl

, Quasi-
scattering |: + | diffraction

- -
- S

\
1
1

!

Undetected
- «— radiation

4 — e in the gap



Power Counting

Power counting _Q V-t _ my Y ~ Aqep
)‘_—7 )‘t_—v P = "7 )\g— lab AN =
parameters V'S Q V-t el V—t
4 E,/E
. . .. l—=x
l. collimated “jet” conditions W? > p”* = mi K m% W? = Q?
X
Iy
) — 2
p =0 3 + 1

ll. rapidity gap for X & Y o

Ill. forward conditions < W%z <1

42



Regge Factorization for ep

‘\,\m\< >ﬁ Kinematics
" Soft . /
L - do = Z C; Fl.D

structure

functions

—=—"  Beam == (observables)

color irreps.

/

F) = ?iw XY, >, (Soft )y @, (Beam ) &4

N,N" {Rx}

i N\
Projectors multiple scattering

43



Regge Factorization for ep

x\m\< >ﬁ Kinematics
.. Soft , /
L - do = Z C; Fl.D

structure

functions

—=—"  Beam == (observables)

Diffraction Ry = 1 (singlet):

F) =P x> ¥ (Soft),, ®, (Beam)

N,N’ {Rx=1}

Quasi-diffraction Ry # 1:
FP=P" x3 > (Soft )y @1 (Beam ) @

N,N’ {Rx#1}

44



Regge Factorization

K. PX - SCET (Breit frame) A NE ~ Ve
s + -l
NP Softmode (X): PX,q ~ VS(A, A, A)
ity (48 vt Glauber: 7~ /5(A3,\,\)
e .E'E Collinear mode (p,Y): p ~ \/5()\3, A A)
p pl. Py ~ V(A% A N%)

Regge factorization to all orders in a;: Includes both diffraction (signal)

4 Glaubers Color reps. & quasi-diffraction (bkgnd)

hadronic matrix elt.

Z Z//NN/ /dpg Py 5\],\7]]\\7,/, v —t =0 pg AT, Tt Q/x) h

N,N'=1 {Rx}

N+N'=even
RNN'RNN' 71 RN’ Q’ +
x U(NN’) (hfpg ahfpg ) Si(N,N’) (? ~4 Py Uids T jL} kL Q/ﬁ)

vacuum matrix elt. with photon currents

only 5, depends on I

45 rest universal for all i




Operators

(as promised)
FP =P/ x> > (Soft),, ® (Beam)®,

N,N" {Rx}

_ N N’ =%
x (0| Py, T T Uai” (0) Pxry | Zuc)(Zuc|Pnir,, T T Uf,%Bﬂ (0)Pn'r,,|0)
i=1 Jj=1

® A further factorization of 5; gives //; and fact. for dPDF

46



Regge Factorization

K. pi(, SCET (Breit frame) ) ~ < ~ /T
TeEET vELL
\?g ' : pPx,q~ \/g()‘a A, >‘)
1 |N @@ N/E 51 .
TH . Glauber: T~ V/s(A7, A\, A)
i-E.I —= .E-E Collinear mode (p,Y): '~ \/E(AB, AL A)
/
B p- Py ~ Vs(A%, A A7)
Convolutions between momentum components that are of the size

oo

) 1 RINN' ’
=2 ) //(NN/)/dpgdpg B(NAN’)( ~t=rpg LTl e Q/x ) e

N,N'=1 {Rxb L

N—l—N— en

<R (L g ) ST e (L — ooy (R .t )
(NN) h\/—pg7 pg (NN) /8 q pg) TzJ_aTjJ_ 9 9 7lu7 Q/B

N’
E a = ddT ddTJ_ d
h= \/yfpe—niu‘z //(NN - N'N" /H 9 ZMML / 720 Z“ )

J=1 JJ-
47



Regge Factorization

Diffraction (signal):

for singlet follows from

FDdlff Z Z //N BRNN

N,N'=1 RNN’'_1
N+N’=even

— 1, {T’LJ_v ]J_} t, Q/ ) Sz'(N,N’)

can prove U = o-functions (to all orders)

NN’ Q2
R (F

Q2

(i} @)

Ry # 1
D uasi RNN B 7 2
! Z Z // / dpg NN’ _t_p p;i—){TiJ_aT]/'J_}?t?U? Q—/CE‘) Q—
N,N'=1 {Rx#1} N,N')
N+N’=even
RNN RNN RNN Q2
X U(NN) (h\/fpg,h\/_pg,,u) S(NN)(F q pg {Tu_, ]J_} Q t s [y Q/B)

15 EN @9 N/E 51

.
’
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Outline

® |ntroduction: Diffraction

® Introduction: Soft Collinear Effective Theory (SCET)
® Kinematics and Structure Functions

® Power Counting and Regge Factorization

m=a> ® Applications and Phenomenology
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What is P here?

® Has contributions from an co number of Glauber exchanges

® Color singlet projection: (8®)" =1 --- ® 1 @ (others) ;ri]r?glits

® Can distinguish nonperturbative 7, ~ Agcp

and T, > AQCD contributions to the “Pomeron”

® Differs from Ingelman-Schlein model

FP A = Q . Z 2 //N B% —t {7, T bt 'Q/x ) it ( AT} Qo Q/ﬁ)

N,N'=1 RNN' _q
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Applications

Lots of things still to explore, so | only provide some examples
of what we’ve done so far:

|dentify observables FZ.D that are leading orderin A << 1 :

4 for spin independent scattering,
6 more for spin dependent (not discussed here)

[8 more at subleading orders in A]

FP ~FP ~FP ~ FP ~ 276 (incoherent)

More general kinematic regions of diffractive phase space (larger 1),
provide additional experimental targets
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Applications

virtuality .-
rapidity =
P A
Two types of RGE (u, 1) 0101 n—coniln/ear
, %,
~. <
A BFKL-type logs \ o
_____ g both signal and bkgnd "';oft ﬁ
A\ have “rapidity logs” O S R
/x
Q Q Z(aslnx)k “ I2 | |0 »

only the quasi-diffractive background has large virtuality (invariant mass) logs

3) Can compute size of quasi-diffractive background with EFT
its suppressed by U ~ exp( — Sudakov)

~ probability for no emission into the gap
~ exp(—a, In® x)
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Applications

3) Can compute size of quasi-diffractive background
its suppressed by U ~ exp( — Sudakov)

1.0_- — T T T ' T ' ' e
L Q=20GeV, =05 my =1GeV :
0.50F _lab T
R ncut _
ULL
010l — V=t =20GeV 1
UE — V=t =5GeV
0052_ —— /=t =2GeV -
102 10!
X
1.0_ T T T T ' ' o
Q =20 GeV,3 =0.5,my =1GeV
0.50 b = 5 -
L — V=t =3GeV
U —— /=t =2GCGeV |
— V=t =1GeV
0.10| .
0.05 . .‘

1072

1071

* Quasi-Diffraction background
is not always negligible

5 : W2~ S
u T j>*<??

Y Q%m?~ %2

: ;ﬁt 9 2

: ) —t -~ mY ~ _Z
)3}39 v

- Q*2?/ (xh?)

VE (QZx}f/ﬁZ

I 22
L Adben
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Applications

Can compute size of quasi-diffractive background
its suppressed by U ~ exp( — Sudakov)

‘éE:O F*%'  bhackground
Fdiff
l

signal

5

Coherent diffraction

: Pure singlet
(intact proton) ure Smgie

Incoherent Dominated
—t ~ AéCD by singlet

Incoherent

—t> AéCD Can be similar size
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Applications

4) For |t| > AéCD can compute ratios of quasi—Fl.D

Fi(z,Q%8,t),  Si(z,Q% 8,1
FQ(CE,QQ,/B,t) ’LO B SZ(x7Q27ﬁvt) ’LO

® Exploit to reduce quasi-background with linear combinations

(nontrivial: requires demonstrating cancellation of infinite number
of nonperturbative Glauber exchanges in the ratios)
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Applications H'

5) universality between ep and pp diffraction? 4 JL
(paper to appear soon) Philipp Aretz
Double: pp — XY P I PP pxan) E}
P ~ p P V

N ®
Elastic Slngle Double

b o BF R, R
dM2dM2dt - Z ];V St @1 By @10y, 1 By B
Ry)

9
D
R\ K
;@DE M, M’

® Beam functions are universal (ep & pp)

® & functions are not universal
(explains failure of using dPDFs)

e Rapidity anom.dimensions are universal (small-x resummation)
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Future Directions

a) ratio predictions Fl.D/Ff for signal?
(calculations in progress)

b) EFT description of saturation (1st steps)

c) hadron structure

d) generalization to multi-gap, exclusive, heavy meson, ... processes
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Conclusion: new tools & a bright future for Diffraction in QCD




Backup



Backgrounds

Monte Carlo predictions:

10° = ATLAS el DataL=7.1ub” —=
= \s =7 TeV PYTHIA 8 4C -
- p.>200 MeV ......... Non-Diffractive ]
----- Single Diffractive
ﬂ 10 = .. Double Diffractive 3
dAn - ]
L T e
! | 1 ] A [P PR TR TR TR TR Y AN SR TN TR I i
0 1 2 3 4 5 6 / 8
Gap size An

Figure: ATLAS, 1201.2808.
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Regge Factorization ;
y* _.__.__4_?___(%) SCET (Breit frame) A \/s ~ Ve
X

AVaVaVaVaVie + o1

BN Px.q~ V(A AN
D v Glauber: T~ /5(A%, )
P _521_*13_—‘5:;:_’—_:_:_:_@ Collinear mode (p,Y): '~ \/E()\?’, AL A)

Py ~ V(A% A N%)
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Regge Factorization ;
y* _.__.__4_1___(%) SCET (Breit frame) A \/s ~ Ve
X

AVaVaVaVaVie + o1

BN Px.q~ V(A AN
D v Glauber: T~ /5(A%, )
P _521_*13_—‘5:;:_’—_:_:_:_@ Collinear mode (p,Y): '~ \/E()\?’, AL A)

Py ~ V(A% A N%)

Equivalent to lab frame rapidity cut

e = hy/x

E lab
p e_nc?lt
YLl

h =
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Regge & Hard-collinear Factorization

e hard-collinear factorization
Diffractive PDF =

L
% B
Fy NZ/ —H”( , Q, ,LL) (¢ Et,m5, 1)1+ O (\)) — small A

Collins “97, Berera, Soper “95

e Regge / forward scattering factorization (For singlet)

~>—<// \\>—<* FDdiff _ NNzl R];l// B{?\J,WX, s —t {7 L} t Q/x)

N-N'=even «— small A

NN’ v 2
S]?NN’ ( {T’LLa ]J_} Q t Q/ﬁ) Q

e Simultaneouslimits S, = H' ® SX

pdift [~ ¥ KRNN : 073
Pt § T [ i)

N,N'=1 RNN’_
N+N’=even

NN’ 14 2
X B(f]zV,N’) (m%/ t {TkJ_,TgJ_} t Q/x) 52

Regge Factorization for Diffractive PDF
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Regge & Hard-collinear Factorization

e hard-collinear factorization
Diffractive PDF =

z
- b
Fy ~ Z / © ( .Q, u) 2 (¢ &t mT, ) |(1+ O (A)) «— small A

Collins “97, Berera, Soper “95

e Regge / forward scattering factorization (For singlet)

4>—ﬁ// Q—‘* FDdiff _ NNzl R];l// Bgf,wx, —t, {71, T JL}tQ/ )

NN =even / o small A
Sitv ( At gs) 4
e Simultaneous limits small A\, A\
Compare:
fayp < SEC AT} tv, p) @1 B(my —t, {7, 1 },t,v) (Effective Field Theory Factorization)
Jp = fep (G 1) foyp (6,1, m5) (Ingelman-Schlein Model)

differ: transverse vs longitudinal momenta, t dependence, £ dependence,...
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