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Mx - mass of diffractively produced
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momentum fraction of diffractive ex-
change entering hard process
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Factorisation in Diffraction

The combination of:

e QCD Hard Scattering Factorisation (Collins et al):

d’o(x, Q% xp, t)V*p_’p/X
dxpdt

= [ deo" (2, Q% OPP (6, QP wp,t) (+highertwist)

A *. L] L] L] L] L]
e 07 ' universal partonic cross sections, as in incl. DIS

e p? diffractive parton distributions (conditional probabilities),
obey NLO DGLAP

and:

e Regge Factorisation: zp, t dependance factorises out
(Donnachie, Landshoff, Ingelman, Schlein)

FP(xp,t,8,Q%) = fpp(re t)FE (B, Q%)

e No proof in QCD; consistent with data at the present level of precision

If QCD Factorisation works, the diffractive pdf’s should predict cross sections for
jets and heavy quarks

Ringberg Workshop, 2003 “Diffractive jet and charm production” N. Vlasov



Models of diffractive exchange

Resolved Pomeron model : e gluon-dominated IP
e Based on Regge theory with Examples :
Pomeron exchange — H1 QCD fit (“h1 fit2”)
e Treat /P as object with in LO RAPGAP
substructure — NLO QCD code DISENT (Seymour)
e Jet and Charm Production in c.f. Hautmann with
diffractive DIS — H1 2002 0” NLO QCD Fit
probe gluon content of P (Diffractive DIS jets)
— NLO QCD code DHV(QDIS with H1
e e 2002 o” NLO QCD Fit and fit by

\q _ Alvero, Collins, Terron and Whit-
— more (ACTW) to ZEUS and H1 data.
%— : Gluon—dominated fits “B”, “D” and
P!
/\

“S G_”
(Diffractive DIS D*)
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New H1 QCD Fits

H1 2002 0, NLO QCD Fit

H1 preliminary

re ~ Singlet o Gluon Lev® New %((??) and NLO QCD fits to 1997
N RN N
] :/\ > 0 6.5 H1 F5 data
N 0.1 N i
O - . . . . i ° . °
! e First evaluation of experimental an
0.2 . . .
m I 15 theoretical uncertainties
0.1F i
O e LO gluon density around 30 % lower
02t o0 than 1994 fit; fits are consistent
oip withing errors
; 0:2 014 016 018 1 012 014 016 018 1
Z Z
H1 2002 0,0 NLO QCD Fit
L1 (exp. error)
1 (exp.+theor. error)
— H12002 0,0 LO QCD Fit
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Models of diffractive exchange

Perturbative QCD models: Examples :
— two-gluon exchange model imple-
e e mented in RAPGAP generator Bar-
y _ tels et al. (BJLW);
- unordered kr
Cc
g — two-gluon exchange “saturation”
model implemented in SATRAP gen-
5 5 erators;

strongly ordered kr : pr < pt

e t-channel gluon exchange
e 0 x (gluon density)”

e Higher order processes
v* — ccg — cancels suppression for
large masses
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NLO Comparison with Diffractive DIS Jets

H1 Diffractive Dijets (prel.)
H1 fit 2002, p2=p2, 12=40 GeV’

e Published H1 data :

(Eur. Phys. J. C20 (2001) 29)
4 <@Q?<80 GeV? 0.1 <y<0.7, zp <0.05

g 600 - e H1 Data Pt 1(2)>5(4) GeV Jets: CDF cone, pr et > 4 GeV
= - =5 DDISENT NLO *(1+5
= I DDISENT NLO (1*0haa) Data corrected to py 2 > 5(4) GeV (~ 25%)
g 0 . --- DDISENTLO as NLO are unstable if pr; ~ pro
N _
E 400 :_ e DISENT NLO Calculations :
o N
© N
- * Hh =Dty pp = 40 GeV?
200 * Inner band : 0.25u% — 4% (~ 20%)
I *. Hadronization corrections applied (~ 10%
L , ------ e _’_ ____ 3 outer band is hadr.corr @ p% unc.
S o 3t
O"x'T'x\111\111\111\111
O 02 04 06 08 1
Z (ets)
IP
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NLO Comparison with Diffractive DIS Jets

H1 Diffractive Dijets (prel.)
H1 fit 2002, W=p2, |£=40 GeV’

— £ = 25
g -+ HLDatap,,,5(4) Gev S - . . . .
g [ soswiowa, g e Size of NLO corrections is higher
S # -.- DDISENTLO = r 2
S 10 I for small () and pr
o] i'+ A C *
-~ a R ol o - ............. [ .
s 1L Tam 5 1L *{ | e pdf uncertainty is not shown
- A o o5 ¥ *
o i T -7 @ Reasonable agreement with
2040 Qio[G VZ?O 100 150 2°°W [sz/(]’ Resolved Pomeron model
e e
- = 200 | (the NLO calculation uncertainties
(o} o L
r _— are very large though...)
><9| 10 2 g""+""...... ------ —9“150 —
iO» ..... .* """ _\é i
o = o 100 - b
° 10 = [ g *
== 50 - f oo M
1 ] I ‘ | ‘ | ‘ I ‘ L1 O ;\-*\-\. 1 ‘ L1 ‘ I ‘ | I\. -\ . \- ;‘:\.-”\-!d"-'\l-l
-25 -225 -2 -1.75 -15 -1 05 0 05 1 15
10g,0%,p N>
jets
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Perturbative QCD Models Comparison with DIS Jets

e Dijets for z, < 0.01;
p&{’lm - remnant in the Pomeron

H1 Diffractive Dijets - x,,<0.01 . . .
hemisphere in v*IP c.m. frame

L o * HlData > e
I res. IPt(dir.+re3.y|*) $ 10 g = . :
< F - atural IOCIJ LnO e s T .
2 10 o BILW(T=LSGeV) | & e 5 ® Saturation model reproduces
G o BILW (pri=1.0 GeV) g ! 1 h r ti ] d t te
S 1 [ =S IR S P shapes of xsections; underestimate
F = 7 e
IR e T A ; the rate by a factor of ~ 2
E  F R R e aassmassmmmmnnn © r
2 - L :
10 & SICRIE S 1 { """ .
! 0 5. ... ®Reasonable agreement with BJLW
20 40 60 80 4 5 6 7 8 9
cut __
Q2 [GeVZ] p:t [GeV] mOde]. fOI‘ pT*C] — 15 GeV
Jets b
8 1021 BILW(@gony) I ® ¢q contribution is quite small
£. | : 3 | . . P
N 55 T, e (Good description of the p(T’T)em by
3 s S both resolved Pomeron and BJLW.
i Y T T
et S b P
el ; S [ The data are not able to discrimi-
0 02 040608 1 0 1 2, % mnate between models with “soft”
z %% P [GeV] . .
P Tirem remnant and those with a third

high-pr parton.
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Models Comparison with DIS 3-Jets

H1 Diffractive 3-Jets

s 1 5
3 : =
I O 7
L s,
& 4 N
s 1000 5
S e f} S
N i

. \ e

20 30 40

M,,; [GeV]

e Resolved Pomeron,“hl fit2” pdf
with parton shower model “MEPS”
and color dipol approach “CDM”

e BJLW model for p? = 1.5 GeV
e Agreement with “hl fit2”, CDM

30

e H1 Data
— res. IP (MEPS)
= res. |IP (CDM)
- BJLW

e BJLW for z, < 0.01 is too low as
3-jet sample originates from region
xp > 0.01; higher multiplicity pho-
ton fluctuations (as ¢ggg) are not
yet available in MC
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Models Comparison with DIS 3-Jets

ZEUS
e Published ZEUS data :

ZEUS 98—-00 RAPGAP-CDM

e most backward jet (Phys. Lett. B 516 (2001))

most forward jet

5 < Q? <100 GeV?, 200 < W < 250 GeV,
23 < Mx <40 GeV, xp < 0.025

Jets: exclusive kp-algorithm
1 EIp+6p/2)
E'w > 9 GeV ple) =G )

e Jet in Pomeron direction (most for-
ward jet) is broader than jet in
photon direction (most backward

ry jet)
02 o4 s os 1 h2 14 Ts e Measurements described by model
¢ (radians) with gluon in P direction
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with Diffractive DIS D*

e Published ZEUS data :

Lumi =82 pb™! (DESY-03-094 )
1.5 < Q? < 200GeV?, 0.02 <y < 0.7,
xp < 0.035, <08

Dx — Krm
pr(D**) > 1.5GeV and |n(D*)| < 1.5

e ACTW NLO Calculations :

Gluon dominated pdf “fit B”

pr = pir = JQF + 4m?

The NLO error band : 1.3 <m, < 1.6 GeV
Peterson fragmentation with ¢ = (0.035
The probability for charm to fragment
into a D** meson was set to :

flc — D*F) =0.235

o SATRAP describes well the region
rp < 0.035
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Model Comparison

do/dp,(D") (pb/GeV)

T T T
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with Diffractive DIS D*

e D* for zp < 0.01

e Two-gluon exchange models :

SATRAP and BJLW using MC RAPGAP
proton PDF GRV94HO,

f(c — D*") =10.235, m. 1.45 GeV

R = = \pir +4m? kit = 1.5 GeV

e Good agreement with ACTW NLO pre-
dictions with diffractive pdf “fit B”

e Good agreement with BJLW predictions
and saturation model
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Model Comparison with Diffractive DIS D*

H1 Diffractive D’ (prel.)

H1 fit 2002, p*=Q*+4m?

e Published H1 data :

oy igg - e HiData > (Phys. Lett. B520 (2001) 191)
= 3 E5 DHVQDIS NLO O 1020 9 9
y 400 --- DHVQDIS LO 3 g 2. < Q* < 100GeV~, 0.05 <y < 0.7,
2350 |- =
S 300 - a * zp < 0.04
3 228 - % Dx — Krm
“ o b g { pr(D*%) > 2GeV and |n(D**)| < 1.5

100 ——— .

58+ e e DHVQDIS NLO Calculations :

05 1 15 2 0o 2 4 6 8 10
log,,Q° [GeV?] P*; o [GeV]

— 200 = pdf H1 2002 ¢” NLO QCD Fit
2 180 Q
5160 - E PR = pr = Q7+ 4mg
s 1‘2‘8 3 S 10t Peterson fragmentation with € = 0.078
3 100 E ° L * ________ * m. = 1.45 GeV, f(c — D*")=10.233

jodl e 5 e Inner NLO band : 0.25u% — 4% (~ 20%)

40 S + ________ outer band also includes :

ol P T 1.35 < m, < 1.65 GeV (£12%)

S ; 0oL 002 008 0.035 < € < 0.100 (+21/ — 7%)
e Good agreement with DHV(Q)DIS for
rp < 0.04
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Open-Charm Contribution to FQD 3)

The open-charm contribution to the diffractive structure function of the proton can be
related to the cross section, measured in the full D* kinematic region, by

1 d306 eD*EX! 47T042m y2 D(3),cc
poeD Xl _ (1—y+ )8, Q% ap)

2f(c — D**) dapdfd@? Q'

e The 3d differential cross section was measured & log(3) for different ()* and z, regions

e Extrapolation factors of the measured cross sections to the full py(D*¥) and n(D**)
phase space were estimated using the ACTW NLO “fit B” predictions (~ 3.5)

. D(3).ce ) )
e In each bin F’® was determined using the formula
Ui,meas
D(3),cc 2 o ep—>eD*:|:X/p D(3),cc 2
F2 meas(/gb 79 xP,i) — i, ACTW F2 ACTW(ﬁi) 79 xP,i))
T ep—eD = X'p

where the cross sections ¢’ in bin i are those for pr(D**) > 1.5 GeV and |n(D**)| < 1.5
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Open-Charm Contribution to FQD 3)

2 2 US 2 2
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|8V . B : L o
& 1 001l ST @ The data exclude fits D and SG
8 0.005 i | = . .
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O:H\ Loy O:H\ [ |
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i 1 ool | parton densities
0.006 - aadi | e
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00045 1 - , ||D-
i 1002 e 1z
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Dijets with tagged p at CDF

:; F e Hfit-2 4+ CDF data

-------- H1 fit-3 E?™ > 7 GeV e The HERA pdf’s used to predict
(Q%=75 GeV?) 0.035 < £ < 0.095 the TEVATRON pp — pX results

2
It]=<LOGev FD(3, 1%) = {Bg(B, 1®) + $Ba(B, 12)}
® fP/p(iUJP)
e Prediction based on H1 pdf’s one

order of magnitude above CDF dat
The breakdown of factorisation ?

10 | -

e The diffractive rate is supressed
due to secondary interactions with
hadronic system (anti-proton breal

ing up) ?

0.1k

IR only

0.1 1

B
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Dijets in Diffractive Photoproduction

QCD Factorisation works in diffrac-
tive DIS; tested with charm and jets.

Remnant ‘ Is it breaking in Photoproduction ?

Quasi-real photon (Q* ~ () can fluc-
tuate into hadronic system.

Jet A
Jet }5 ’X r, - momentum fraction of photon
entering the hard process;
Remnant ‘ e r, = 1 - DIS-like direct interaction;
e, < 1 - Resolved photon inter-
Y action, similar to hadron-hadron

scattering
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Dijets in Diffractive Photoproduction

H1 Diffractive yp Dijets ¢ Prelim. Hl data :

- @ H1 Preliminary — H1 2002
[ | correl. uncert. Fit (prel.) Q? < 0.01GeV?, 165 < W < 240 GeV,
600 |- e H1 Eit 2 zp < 0.03

Jets: inclusive kr algoritm
: : PT,1(2) > 5(4) GeV

do/dZEs (pb)

400 o MC :
200 LO RAPGAP & parton showers
IR = DF
F e New 2002 LO fit from H1 describes
0 | ‘ | ‘ \ ‘ | w data well
0.2 0.4 0.6 0.8 ] i’l:.S
je
Zip
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Dijets in Diffractive Photoproduction

H1 Diffractive yp Dijets

= 600 o H1 Proliminary e New 2002 LO fit from H1 describes
3 1 correl. uncert. direct and resolved contribution
2 — H120021it (prel.) e Direct comparison DIS vs p :
= >~400 - directy ] Model
5 | g\;gg;g b 1954 0.30(exp.)
W - ( Data )D]S
O
©

200 | e No supression of vp with respect
to the DIS diffractive jets

02 04 06 08 . .1
jets
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Summary

e Consistent picture of inclusive diffraction and hadronic final states in
DIS. QCD Factorisation even works in dijet photoproduction in HERA.
The breakdown of factorisation in CDF ?

e Resolved Pomeron model is successful in description of DIS Jet and D*
data

e Two-gluon-exchange BJLW model describes DIS Jet and D* cross sec-

tions for rp < 0.01, if a minimum value for the transverse momentum of
the final-state gluon of k% = 1.5GeV

e T'wo-gluon-exchange saturation model reproduces D* cross sections but
underestimates the rate of dijets by a factor of ~ 2

e Significant contribution of ¢gg with gluon emitted in /P direction
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Prospects at HERA 11

e New tools for diffraction:
— Factor ~ 10 increase in statistics by the end 2006
— New proton spectrometer (H1 VFPS)

e Measured with VFPS 0.01 < xp < 0.02 region with acceptance close to
100 % gives high yields of exclusive final state channels to test pdfs;
e.g. ~ 30000 DIS dijets, 500 DIS D*

e New HERA II data are coming;
— will permit to constrain diffractive model parameters;
— will require further model developments
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