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Outline of talk
| -

» Diffractive structure function (7,"") at HERA

o ‘Traditional’ extraction of diffractive parton
distributions from sz (3)

o New Iimproved perturbative QCD approach

o Application: absorptive corrections to inclusive
Fy, from AGK cutting rules

o Simultaneous F, + FQD(3> analysis

Lln collaboration with A.D. Martin and M.G. RyskKin J

HERA-LHC Workshop, DESY, Hamburg, June 2004 — p



Diffractive DIS kinematics

o N

® W?=(q+p)°=-Q*+2p-q
X . Q2
~ T = gpg T QW
2ppp | S Lome rapidity sap (fraction of proton’s momentum

= Pomeron (IP) exchange

carried by struck gquark)
P ®i=p—p)=0p-p)=app
® Mi=(q+p—p)=-Q +ap(@Q+W?

= rp = Q + My (fraction of proton’s momentum carried

Q2_|_W2
by Pomeron)

2
® == QQEMQ (fraction of Pomeron’s momentum

L carrled by struck quark) J
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Diffractive structure function FQD 3)

o N

# Diffractive cross section (integrated over ¢):

3D 2
d°o 2masy,

depd3dQ? — BQ
where y = Q*/(zzs), s = 4E.E,, and

[1 + (1 R y)Q} 0_71“)(3) (SC]P; 67 Q2)7

_ D@3) Y D(3)  D() 2
Oy —F2 1—|—(1—y)2FL FQ (xlp7ﬁ7Q)7

for small y and/or small 7"/ P

® Measurements of FQD 3) = diffractive parton
distributions (DPDFs) a” (zp, 3, Q?) = ¢” or g

o |
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Collinear factorisation in DDIS

-

doY P

dxp

1 *
_ Z /O dﬁ, aD(ﬁjp,ﬁ,,QQ) 51 @

a=q.,g

a” (zp, 3, Q%) satisfy DGLAP evolution in Q?

57 % same as in inclusive DIS
Proven to hold for all diffractive DIS processes (Collins)

Can extend to hadron-hadron collisions, but need
rapidity gap ‘survival probability’ due to multi-Pomeron
exchange (Kaidalov, Khoze, Martin, Ryskin)

|
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‘“Traditional’ extraction of DPDFs

o N

® Assume Regge factorisation:

% (2p, 8,Q%) = fr(ep) FI¥(5,Q%)

® Pomeron flux factor from Regge phenomenology:

tmin eBlP t
frtam) = [t | () = ap(0) + ajp )
tcut xlp

Fits to F2D(3) data give a;p(0) > 1.08 (value from soft hadron data)
— effective Pomeron intercept

® Evaluate Pomeron structure function Fi (3, Q?) from quark singlet
> (5,Q?) and gluon ¢’ (8, Q%) Pomeron PDFs DGLAP-evolved from
\_ arbitrary polynomial input at scale Q3

HERA-LHC Workshop, DESY, Hamburg, June 2004 — p.6/27



New perturbative QCD approach
B -

# Pomeron singularity not a pole but a cut (Lipatov)
=- continuous number of components of size 1/u:

Q2
le?JSS)(ﬂ?lP,ﬁ, Q%) = /Q2 du® fip(zp; 1*) By (8, Q% 1*)

# Perturbative Pomeron represented by two ¢-channel
gluons in colour singlet:

fr—c(zp; p°) = : [aS(lﬂ)

2
2
Lp g\xrmp,
| 25 g )

L where g(xp, 1) is the (integrated) gluon distribution of J
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New perturbative QCD approach
| -

Y
o F¥(3,Q% %) calculated from
quark singlet (3, Q?%; 1?) and
B=P=C(8, Q% 1) gluon ¢ (B, Q% 1) DGLAP-

| evolved from an input scale /”
| up to 2
p ripg(zp, 1) zipg(zip, 1) P @

® Get input Pomeron PDFs X (3, u2; 1i?) and ¢% (3, u?; 1?)
from leading-order Feynman diagrams

# Calculate using light-cone wave functions of the photon
(Wsthoff):

N Fi foo fom e rf
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Two-gluon Pomeron

-

# Work in strongly-ordered limit: [; < k; < Q

Quark dipole Effective gluon dipole

L BEF=C (B, u% 1) = cqya B2 (1= B) | | B9 1% 1?) = ¢/ (1 +26)%(1 — §')?

1
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Other contributions to 7'

o N

By = g+ RS+ B+ By

# Non-perturbative contribution (1 < Qo, ayp(0) = 1.08):

FQI?]SS])D = fip=np(zp) F =1 (8,Q% QF)

® Twist-four contribution:

P20 — ([ a2 2 o aemii®) ) e 6 (26— 1
L.P 02 Q2 IP=G\ZIP; W L/G

# Secondary Reggeon contribution (caz(0) = 0.50):

L Fﬂ? = cr fr(zp) F5 (6, Q%) J
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Problem: zp g(zp, u*) at low p?

- — .

MRST2001 NLO proton PDFs

2
® fir—c(zp;p?) < |zp glop, p?)/ 1 ]
= dominant contribution from low scales
o~ QO ~ 1 GeV

¥ FQD(B) data need zpg(zp, 1?) ~ :cllp_aﬂg(o)

with Oélp(()) > 1.08

— xg(X, QO2 =1 GeVZ)
-+ xS(x, Q, = 1GeV?)

#a&#QOHNw
| L L L B R |

Solutions:

1. Parameterise with simplified form: zp g(2p, p%) o< 25"

2. Introduce Pomeron composed of two sea quarks in a colour singlet:

2 1 [ as(p?) 2 ;
fip=s(xp; u°) = 5— e S(xp, j1°)
xTp H

\— and interference term with two-gluon Pomeron (set x;pg = 0 if —ve) J
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Two-quark Pomeron

-

# Work in strongly-ordered limit: [; < k; < Q

Quark dipole Effective gluon dipole
o v*
N N
q ) q—k q q—k
AN A :
— 000000000,
k k
[, + zpp + + [, lL + zpp + * [
D —— fs(xmp, 17, 17) = o p —— fs(zp, 17, 1?) —— P

L BEP=5(8, u?;u?) = cyys B (1 — B) B'g"T=3 (B, u? ) = c,/5 (1 — B')? J
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Description of FQD %) data

-

Data set

-

Points 2 | Proton dissociation | Normalisation

1997 ZEUS LPS (prel.)
1998/99 ZEUS (prel.)

69

none 1

121 My < 2.3 GeV ~ 1.5

® Only free parameters are normalisation of each contribution to
F2D 3) (effective K -factors):

Cq/G1 Cg/G1 CL/Gi (Cq/Si Cg/Si CL/S!) Cq/NP1 CIR

Tpg = :1:]?‘ (zpS = 0)

(Qo =1 GeV)

xipg, tpS = MRST

Data sets fitted | x?/d.o.f. x?/d.o.f.
ZEUS 0.25 0.79 0.95
H1 0.13 1.08 0.71
L ZEUS + H1 0.18 1.11 1.16 J

Acuts: Mx > 2GeV,y < 0.45
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Fit to ZEUS+H1 with 2pg = 2,

1997 ZEUS LPS data (prel.) -

MRW 2004 NLO QCD fit

- - Perturbative contrib.

Non-perturbative contrib.
- - Twist-4 contrib.
—— Reggeon contrib.

B =0.007

B =0.030

B=0.130

B =0.480

Q’ (Gev?)

2.4

3.7

6.9

135

39

D(3)
2

1998/99 ZEUS data (prel.)

MRW 2004 NLO QCD fit

- Perturbative contrib.

Non-perturbative contrib.

- -+ Twist-4 contrib.
—— Reggeon contrib.

B =0.007

B =0.022

B =0.070

B=0.231

2.7

14

27

55

-

Q’ (Gev?)

-~
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Fit to ZEUS+H1 with 2pg = 2,
- a

. 1997 H 1 d ata (p r el ) - - - - Perturbative contrib. - - - Twist-4 contrib.

MRW 2004 NLO QCD fit e Non-perturbative contrib. Reggeon contrib. 9 (GeV?)
_oos B =0.040|— B =0.100|— B=0200- ¢ pB=0.400]— B =0.650 |- B = 0.900 o5
Q
DLLN 0.05 85
o
pr e 0.05 12
0
0.05 15
0
0.05 k 20
0
0.05 5
0
0.05 35
0
0.05 45
0
0.05 60
0
0.05 90

-~
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- Perturbative contrib.

- Perturbative contrib.

Fit to ZEUS+H1 with zppg, xpS = MRST

1997 ZEUS LPS data (prel.) - nnponsmane oo
MRW 2004 NLO QCD fit -~ Twist-4 contrib.

——— Reggeon contrib. Q@ (Gevd)

1998/99 ZEUS data (prel.) - Non perurbative cont
MRW 2004 NLO QCD fit -~ Twist-4 contrib.

—— Reggeon contrib. o2 (Gev?)

B =0.007 B =0.022 B =0.070 B=0.231

2.7

B=0.007 | B=0.030 | B=0.130 [ B=0.480 0.05

14

27

55
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Fit to ZEUS+H1 with zppg, xpS = MRST

. 1997 H 1 d ata (p r el ) - - - - Perturbative contrib. - - - Twist-4 contrib.

MRW 2004 NLO QCD fit e Non-perturbative contrib. Reggeon contrib. 9 (GeV?)
L N B = 0.040 B =0.100 B=0.200ps 4 , B=0.4001 B =0.650 |- B = 0.900 o5
Q N B el BN R o] L el I8 e
DLLN 0.05 85
o o
pr e 0.05 12
0
0.05 15
0
0.05 20
0
0.05 5
0
0.05 35
0
0.05 45
0
0.05 60
0
0.05 90
0
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Diffractive quark singlet distribution

50

o o

B 5°(x,, = 0.003, B, Q°)
)

50

® H1use asmaller ag and have no twist-four contribution

DPDFs compared to H1 fit

Q° = 6.5 GeV’ -

i T -
A

] IIllIll

0.1

1

B

200 t

200

Diffractive gluon distribution

Q°=65GeV’

— -)\ —
— Xp8=Xp (Xp5=0)

IP = G component

— X,p0, X;p> = MRST

IP = G component

|P =S component

|P = NP component
H1 2002 NLO QCD fit

|
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Absorptive corrections to £

o N

#® AGK cutting rules @ = diffractive events are
iIntimately related to absorptive corrections to the
Inclusive structure function F5:

diffractive cut one IP cut both IPs cut

AF3Hs =

e
I

® Aside: absorptive corrections ~ non-linear effects, screening,
shadowing, unitarity corrections, recombination, multiple
scattering, multiple interactions, (saturation effects), ...

aAbramovsky, Gribov, Kancheli (— QCD: Bartels, Ryskin)
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Absorptive corrections to £

-

data(ajB’ QZ) DGLAP(:):B,Q2) + AF abS(ZUB,QQ)

abs 2 01 D(3 2 9
AR (ap Q) =~ [ dop [R5, + FD (orp, 5,02)

B

® Only i > @)y contribution of FQD(?’) in AFSPs: 11 < Qg

contribution already included in input parameterisations to F5 fit

#» Reminder: Ff](f’) = leading-twist, Ff](f) = twist-four

® To fit F5 using the DGLAP equation, first need to ‘correct’ the

data for absorptive corrections:

FDGLAP Fdata AFabS Fdata ‘AFéabs

|
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Simultaneous F; + FQD 3) analysis

o N

# Procedure:
1. Start by fitting ZEUS + H1 F3 data (279 points) 2
with no absorptive corrections ~ MRST2001 NLO
2. Fit ZEUS + H1 %) data, using zpg and xS from
previous F5 fit

3. Fit FPCLAY = pilata I A Fabs| with AFEPS from

previous FQD(S) fit (normalised to 2x ZEUS LPS data: account
for proton dissociation with My < 5 GeV)

4. Goto 2.
# Only a few iterations needed for convergence

Acuts: rp < 0.01,2 < Q2 < 500 GevZ, W2 > 12.5 GeV2: match to MRST xg, xS atx = 0.2

|
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Gluon and sea quark PDFs
B -

xg(x,Q°=1 GeV") = A, X9 1-x)>" (1 + sgxo's) -A X (1-x)" XZ/d_o,f_
xS(x,Q"=1 GeV?) = A X7 (1) (L + £ x™) F gPO
2 2
L L L L LY
7 RN —__ noabsorptive corrections | 1.15 1.16
R / RN . —— withabsorptive corrections | 1.09 1.17
o |/ |
X 5
7]
X
| -
o
NA
o
X
B0
X

10
® Take +ve input gluon parameterisation (A_ = 0):
# no absorptive corrections x2/d.o.f. = 1.57

® with absorptive corrections XQ/d.O.f. = 1.10 HERA-LHC Workshop, DESY, Hamburg, June 2004 — p.22/27



Multi-IP exchange (approximately)
-

® s-channel unitarity relation: T
2Im Tel(87 bt) — ‘Tel(S, bt)’2 + Ginel(87 bt)

® Assume ReTy < Im Ty, then Ty = i(1 — exp(—£2/2)) where
()(s, by ) Is the opacity (optical density) or eikonal

® Let FP = |AFZ™| (1 > Qo), then, for some average b;:

By _ 1TalP 1 /2| = Solve for /2
= = —(1 — exp(—
Fdata ~ 9ImT, 2 b

® To fit F5 with DGLAP equation, need one-/P exchange:

DGLAP _ pdata Q/2
L 2 %7 (1 —exp(—9Q/2)) J
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Gluon and sea quark PDFs
-

xg(x Q=1 Gev?) = A x™s (130> (1 +x*%) - A x* (1:%)"° x°/d.o.f.
xS(x,Q°=1 GeV?) = A, x5 (1%) "t (1 + ssxo's) E gPe
5 R L L L 2 2
—— no absorptive corrections 1.15 1.16
N’C; — — with absorptive corrections (two-1P) 1 1.09 117
) - with absorptive corrections (multi-1P) 1 105 117
%]
= 2
@
N/—\
@
5:0
o
x
10 1
X
Multi-Pomeron exchange — A — 0
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‘Pomeron-like’ =S but ‘valence-like’ xg ?

o, N

Good news: Absorptive corrections remove the need for a negative
iInput gluon distribution

® Bad news: Still have ‘Pomeron-like’ sea quarks but ‘valence-like’
gluons at small-z and low Q?:

g~ xS ~ xS with Ag <0and Ag >0

® Reminder:
» Regge theory = )\, = Ag
o Resummed NLL BFKL = A\, = A5 ~ 0.3
o Soft hadron data = A ~ 0.08
® Must be some large non-perturbative effect causing the observed

behaviour. One possibility: mimic unknown power corrections by
L shifting scale in F, and F”'® fits by ~ 1 GeV2. Fix A, = Ag = 0 J
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Shift scale by 1 GeV? ?

-

xg(x, Q=1 Gev?) = A_x’ (1) (1 +&x*° +yx) x/d.of.
. xS(x,Q2=1 GeVz) =Ag X (1—x)7'l a1+ %:Sxo'5 +YeX) |:2 |:2D(3)
L A AL ALY
\\\ —— no absorptive corrections, Q2 = 1GeV’ 1.45 1.12
Nfc; N\ Nl with absorptive corrections 1.22 1.11
N\
- N
P-4 N
4 = N —
Qj xg at Q3= (1+1) Gev”
5
N N
o~ \Is‘ar(gz = (1+1) GeV” o
O: 2 — :\ ~ - \\ —
x —
o)
X

# Satisfactory description of F; and F2D ) data with ‘flat’

asymptotic behaviour (z — 0) of input xg, xS J
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Conclusions

® New perturbative QCD description of FQD(?’)

# Pomeron singularity not a pole but a cut
= Integral over Pomeron scale p

# |nput Pomeron PDFs from leading-order QCD diagrams

» Two-quark Pomeron in addition to two-gluon Pomeron

® Absorptive corrections to F> from AGK cutting rules

o Good news: remove need for negative gluon input

» Dilemma: still have ‘Pomeron-like’ sea quarks but
‘valence-like’ gluons at small-z and low Q?

1.

Non-perturbative Pomeron doesn’t couple to gluons,

secondary Reggeon couples more to gluons than sea quarks ?
Unknown non-perturbative power corrections slow down

DGLAP evolution at low Q% ? J

HERA-LHC Workshop, DESY, Hamburg, June 2004 — p.27/27



	Outline of talk
	Diffractive DIS kinematics
	Diffractive structure function $F_2^{D(3)}$
	Collinear factorisation in DDIS
	`Traditional' extraction of DPDFs
	New perturbative QCD approach
	New perturbative QCD approach
	Two-gluon Pomeron
	Other contributions to $F_2^{D(3)}$
	Problem: $xPom ,g(xPom ,mu ^2)$
at low $mu ^2$
	Two-quark Pomeron
	Description of $F_2^{D(3)}$
data
	Fit to ZEUS+H1 with $xPom g = xPom ^{-lambda }$
	Fit to ZEUS+H1 with $xPom g = xPom ^{-lambda }$
	Fit to ZEUS+H1 with $xPom g$, $xPom S=$ MRST
	Fit to ZEUS+H1 with $xPom g$, $xPom S=$ MRST
	DPDFs compared to H1 fit
	Absorptive corrections to $F_2$
	Absorptive corrections to $F_2$
	Simultaneous $F_2$ + $F_2^{D(3)}$
analysis
	Red {Gluon} �lack {and} Blue {sea quark} PDFs
	Multi-$Pom $ exchange (approximately)
	Red {Gluon} �lack {and} Blue {sea quark} PDFs
	`Pomeron-like' $xS$ but `valence-like' $xg$ ?
	Shift scale by 1 GeV$^2$ ?
	Conclusions

