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Motivation

Diffractive DIS: probe colour singlet exch. w/ pointlike ~*
=> Determine QCD structure:

[Inclusive (F2D(3))] [Jet production]
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=> (mainly) sensitive to q = sensitive to g

e Diffractive parton distributions:
Factorization proof for diffr. DIS [Collins]:
FP(x,Q* xp,t) ~ C; ® p”’ (+ higher twist)

- Constrain g™ with jets
- Consistent picture from F2D(3) and Jets ?

® xp (Regge) factorisation / aep(0)

Resolved virtual photon contribution

® Colour dipole / 2-gluon exchange models

® Soft colour neutralization models

® 3-jet production

DIS 2001, Bologna, 04/2001 2/18



F.-P.Schilling, DESY Diffractive Jet Production in DIS - Testing QCD Factorization

Kinematics

X
'Remnant’
+— Gap
—— @— —— ,
p . D } Y

Q% vy

— Usual DIS variables

Mx

— Invariant mass of X system

M12

— Invariant mass of two leading jets
~ QM5

Lp ~ Q2+W?2
— Momentum fraction carried by colourless exchange
: 2 2
Z%ets) ~ Q2-|—M]22
Q-+ My
— Momentum fraction of exch. entering hard scattering
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Data Selection

® DIS Selection:
Identification of scattered electron in “backward”
calorimeter

e Diffractive Selection:
“Rapidity gap’ selection: no hadr. activity in “forward”

(outgoing p) region (3.2 < n < 7.5)

® Jet Selection:
CDF cone algorithm in v*p-CMS, p7 > 4 GeV

Lin = 18.0pb™! Ny_je = 2.500 Nj_jox = 130

4 < Q% < 80 GeV?
@ Correction to stable 0.1 <y <0.7
particle level zpr < 0.05
My < 1.6 GeV
|t| < 1.0 GeV?

® Full assessment

of systematic Niets 2> 2 or Niets = 3
uncertainties Pr et > 4 GeV
—3 < n;et < 0
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General Properties of Dijet Events

y* Hemisphere Xp P Hemisphere
(2'<0) (2'>0)

H1 Diffractive Dijets
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® Significant energy not contained in dijets,
some preference for IP hemisphere

e M, <K Mx typically

—> exclusive 2-jets just small part of cross section!
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Diffractive Parton Distributions

H1 F2D Fits: Hard sc. factorization ) Regge factorization:
(universality of diffr. PDF's with xpp [t])

F2D(4) = fP/P(mPa t) & F2P(/37 Q2)
where F2P(:89 Q%) = 2 i e?qP(z, ©?)

Scaling violation analysis of F2D(3) yields parton distributions:

F2D (B = 0.4)
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= diffr. PDF’s strongly dominated by gluons
= direct access to g* with diffr. jets!
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F2D(3)(wﬂ37 B, Qz) from H1
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® Consistent with Regge factorization
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QCD Factorization © Work

Predict diffr. dijet cross sections with PDF’s obtained from
- - D(3) :
inclusive F, measurement:

[resolved o™ component included]

H1 Diffractive Dijets
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=> Consistent with QCD factorization in diffractive DIS
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Diffractive Gluon Distribution

Dijets directly constrain shape and normalization of g

H1 Diffractive Dijets

sz 2 W’=Q*+p2=42 GeV? ”3 2 Hf=p$:36 GeV?
I i — 5 1 |
N | " N '
— 0 7\ L1 | ‘ [ ‘ | ‘ L1 . — 0 7\ L1 | ‘ [ ‘ | ‘ \-T.'\-:'
= - e H1 Data 2 - e H1 Data
& C res. IP (dir.+res.y*) & o res. IP (dir.y*)
0 - — H1fit2 0 S TTHLL — HLfit2
R H1 fit 3 g 40800 Lo HLfit3
N - res.y* only N ¥ P ACTW fit D
© 400 | L= © 400 - | Lo
© a | © -
200 | i I 200 |
O K ! \-\ L 0 :\ L1 ‘ | ‘ [ ‘ | \-\ \I
0.2 04 6 08 1 0O 02 04 06 08 1
7 (jets) 7 (jets)
P P

[res. ", IR and quark contributions small]

e HI1 fit 2: very good agreement with data
e H1 fit 3: overshoots at high zpp
o ACTW-D: too high

—> Strong support for fully factorizable diffr. PDF's in DIS
which are gluon-dominated with momentum distr. flat in =

Proton rest frame picture: qgqg > qq states
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do / dz ) [pb]

100

50

150
100
50
0

Features of Diffractive PDF’s

H1 Diffractive Dijets

Q%+p2 > 60 GeV”

e H1 Data
— res. IPEHlfit 23

res. IP (H1 fit 3

|||||||||||||

Q*+p% =45 ... 60 GeV?

|||||||||||||
||||||||

|||||||||||||

Q%+p3 =35 ... 45 GeV?

||||||||||||

- |
B i

0O 02 04 06 08 1

7 (jets)
IP

—

[fe/p(zr) ® P (2, 17)]
No visible variation of atjp(0) with zp [see BEKW]|

600

Hl_::lfits
I B B T SO

log,Xp=-15...-1.3

e Hl Data
— res. IPEHlflt 23

log, X,p =-1.75 ...

log,Xp =-2.0 ... -1.75

|||||||||||
------------

log, X,p <-2.0

Data consistent with DGLAP evolution of PDF's with
factorization scale pu? = Q? + p%

Also compatible with factorization of & dependence
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Energy dependence ap(0)

® Shape of @ p distribution sensitive to energy dependence of
cross section:

. . .. bE)
H1 Diffractive Dijets Fo  (H11994)
) “— 0p(0=1.2 .. ) 300 . ® Hi1Data
— Cmap(0)=1.08 . [ = ,5p | — res.IP(H1fit2)
= ap.(0)=1.4 [~ e S e res. IP (H1 fit 3)
2o mEn, 2 200 - il
g 102 scale o‘:al.al._. o I
5 °
S b e S 150
oI N P A ° B
© 100 —
..... R contrib, -
’ /// "
EF!'\';\HH\\ 0 \\\\\\\\\\\\\\\\\\\\\\
25 -225 -2 -1.75 -15 25 -2 -15 -1 -05
109,0Xp log,,B

Parameterization used:

2c0 p(t)—1
fppEp,t) ~ (z5) 1 &Pt

ap(t) = ap(0)+a'pt [B = 4.6 GeV™ 2 a'p = 0.26 GeV ™7

Fit Result:
ap(0) = 117 1985 (stat.) 1598 (syst.) 9% (model

=> Consistent with H1—F2D(3) [Q? similar]

® 3 distribution: Jets are small 3, compared with F2D
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Resolved Virtual Photon Contribution

Since Q* > 4 GeV?, p2 > 16 GeV~

—> Jets can “resolve virtual photon”

[expected from inclusive dijet production]

H1 Diffractive Dijets

o) - e H1Data > g
& 103L — res.IP (dir+res.y) & !
0 Fon res. IP (dir.y*) S
= L &
S i =510 ¢ o
5 2 e S
s 107¢ 2 °
r b ]
L # """"""" S %
10 | Le .
:”\““\“I\“T | ‘ [ ‘ | ‘ | 7\ - — ‘ I N | ‘ I N | ‘ I N |
0O 02 04 06 08 1 0 5 10 15 20
Xy(jets) E (% [GeV]
rem
(jets) __ ( PZ)jets . * .
X = FE=p ) x E.cmm In v~ hemisphere

Resolved 4™ contribution according to
“SaS-2D" parameterization [Schuler,Sjostrand]

- _
® a:ffe %) cross section:

Improvement at low mgets) if resolved contribution is added

e Corresponding improvement at high E

rem

DIS 2001, Bologna, 04/2001 12/18



F.-P.Schilling, DESY Diffractive Jet Production in DIS - Testing QCD Factorization

Soft Colour Neutralization

e Soft Colour Interactions SCI (Edin, Ingelman, Rathsman)
original version and “generalized area law” (Rathsman)

e Semiclassical Model (Buchmuiller, Gehrmann, Hebecker)

H1 Diffractive Dijets
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10 e e H1 Data 200 #
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. == SClI (arealaw) 100 [ ; °
- Semicl. model ‘o
l Lol b b 0 NI B BRI Bl 1.1 M
-25 -225 -2 -1.75 -15 0O 02 04 06 08 1
IoglOXIP leetS)

=—> Sensitivity to differences between models which
all (have been tuned to) describe F2D(3) !
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Dipole / 2-Gluon Exchange Models

Proton rest frame picture: qq, gqgg photon fluctuations scatter
elastically off proton by 2-gluon exchange

l:\,\<q

— q o

| 98‘, ‘gg

"N"<q X 9 S

* — P

A S .
d(}g

Q>

0';{,5 ~ |\IITL(a r)]? ® &% (r?, x,...)
(z,1) ~ fd 5t [1— e a, (k7)) F(w, k)

| F (2, sz) unintegrated gluon distribution]

e BJLW Model [Bartels et al.]:
- calculation for high pr diffractive final states

- PT,g > PT,q included (unordered pr)
- F(=x, k;) Derivative of GRV NLO

e Saturation Model [Golec-Biernat, Wiisthoff]:

- pr,g <K P1,q required (pr ordering)
- F(x, k;) parameterized from fit to Fy(x, Q2)
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2-Gluon Exchange (Il)

zpr < 0.01

H1 Diffractive Dijets

g ,F © HlData
v 107 =— res. IP (dir.+res.y¥)
Q - -- Saturation model
2 10 BJLW(p‘.’r“;:l.S GeV)
— Eo it_
o .. BILW (pS=1.0 GeV)
S 1 B}
o e
C 10 T
LE T Rammmmessesesene:
lo ? --------- % --------
:\ | | ‘ | | | ‘ | | | ‘ | | |
o)
Z 10
S
N
©
o 10
©

=

04 06 0.8

7 (jets)

P

—> avoid IR exch.; P PDF's g-dominated

- x;p<0.01

3
0] 10
o]
=
51
©
o
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10 :\\\\‘\\\\‘\\\\‘\\\\‘\\\\
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Q
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=
£ 5_ 10
~ -
Q- llllll
©
S PO S
1 E . \
i 1 1 ‘ 1 1 1 ‘ 1 1 1 1
0 1 2 3
o, foev

pr of “IP remnant”

® Saturation Model too low

® tiny gq contribution

e BJLW ~ OK if
PT,g > 1.5 GeV

(IP)

pT,rem
to discriminate ;-(

not able
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2-Gluon Exchange (l11)

Variation of parameters in 2-gluon models:

[pb/GeV]

T,jets

do /dp*

H1 Diffractive Dijets - x<0.01

10 S 2 10 -y Saturation Model
3 I 2 T K
3 ¢ R :
1 b LH—— 2" 1 b
k. mmmmmmssas © E aessssssss
L b r
- e H1 Data © - e H1 Data ,
=== BJLW - =— B=4.0 GeV'2 :
10 -17 ,,,,, F(X,k-%-) Sat.Model 10 —17 .- B=8.0 Gey?2 "trreiese
:\\\\‘\\\\‘\\\\‘\\\\‘\\\\ :\\\\‘\\\\‘\\\\‘\\\\‘\\\\
4 5 6 7 8 9 4 5 6 7 8 9
p*  [GeV] p*  [GeV]
T,jets T,jets
BJLW Model:

Use F(x, k>.) from Saturation model instead of GRV
—> gluon parameterization in Saturation model seems very
large

Saturation Model:
Variation of B = 6.0 GeV ™2 (e”*, normalization of o)

= Close to data if B = 4.0 GeV ™2, then however F2D(3)
no longer described
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Features:

3-Jet Production

- Limited statistics: 130 3-jets for £ = 18.0 pb™*
- Kinematically forced to xp > 0.01

H1 Diffractive 3-Jets

3 | ERN L Y.
i — E - TIes.
% i # ...... ? ...... 7 2 0 - res. IP (CDM)
o S o 5 - BJLW
& i T 20 o
= 1o '1? ........... E 15 7 $
_g ;. ......... i © 10 f..--’ _____ | ........... '.....$ ______
N A -0 S P
10 2 T T | 0 E.... ..... T i ct | |
20 30 40 0.2 0.4 0.6 0.8
M,,, [GeV] z”‘j‘ jets)
@ Data above LO QCD prediction based on diffr. PDF’s if
MEPS is used for higher order approximation
® CDM does better job
[Difference MEPS/CDM much smaller for dijets]
® 2-gluon exchange (BJLW) low
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Summary and Conclusions

e Diffr. Dijets tightly constrain diffractive gluon distribution

g™ (shape and norm.), in contrast to F2D(3) measurements

e Data favour diffr. PDF's, evolving with DGLAP, strongly

dominated by gluons with momentum distribution rel. flat
in z (“H1 fit 2")

® Consistent picture from F2D(3) and jet measurements:
Concept of factorizing diffr. PDF’s in DIS [Collins] works.

e Consistent with factorizing & jp dependence with
ap(0) = 1.17 (“Regge factorization”)

® In P rest frame: qg@g > qq configurations

® SCI and Semiclassical models not yet able to simultaneously
give correct shape and normalizations of jet cross sections

® Improved models calculations based on 2-gluon exchange
can describe part of dijet cross section
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