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F.-P. S
hilling / DESY Hard Di�ra
tion at HERA: Results from H1FD2 and Fa
torization(s)De�ne di�ra
tive stru
ture fun
tion FD2 :d5�(ep! eXY )dxIP dt dMY d� dQ2 = 4��2�Q4  1� y + y22 ! �FD(5)2 (xIP ; t;MY ; �; Q2)If Y not measured, integ. overMY ,t! FD(3)2 (�;Q2; xIP )QCD Fa
torization: [proof John Collins, 1998℄FD2 (x;Q2; xIP ; t) � Ci 
 pDi (+higher twist)� valid at �xed xIP , t� pDi : `
onditional probabilities', obey DGLAP evolution� determine pDi in in
lusive di�r. s
attering, then predi
tex
lusive pro
essesRegge Fa
torization: [additional assumption℄
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F.-P. S
hilling / DESY Hard Di�ra
tion at HERA: Results from H1FD(3)2 at medium Q2 = 4:5 : : : 75 GeV2xIPFD2 � !
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F.-P. S
hilling / DESY Hard Di�ra
tion at HERA: Results from H1S
aling violations of FD(3)2
FD2 vs Q2 at �xed xIP :
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hange !High Energy QCD, BNL Brookhaven, May 2001 5/23



F.-P. S
hilling / DESY Hard Di�ra
tion at HERA: Results from H1Parton Distributions of Di�ra
tive Ex
hangeDGLAP QCD �t to FD2 : IP parton distributions:

� gluon� quark singlet !� Un
ertainty on gD, espe
ially at large z !Use to predi
t di�ra
tive �nal state 
ross se
tions !High Energy QCD, BNL Brookhaven, May 2001 6/23



F.-P. S
hilling / DESY Hard Di�ra
tion at HERA: Results from H1FD(3)2 at high Q2 = 200 : : : 800 GeV2
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� Good des
ription by QCD �t extrapolated to high Q2, evenat high � (ex
luded from �t)High Energy QCD, BNL Brookhaven, May 2001 7/23



F.-P. S
hilling / DESY Hard Di�ra
tion at HERA: Results from H1Con�rmation: Energy FlowAverage transverse energy as a fun
tion of � in MX bins:
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ow !
High Energy QCD, BNL Brookhaven, May 2001 8/23



F.-P. S
hilling / DESY Hard Di�ra
tion at HERA: Results from H1Con�rmation: ThrustAverage thrust as fun
tion of 1=MX:

� Thrust smaller than in e+e�! g radiation more important� ZEUS re
ently 
leari�ed long-standing disagreement withH1; now 
onsistentNeed g-dominated IP to model thrust !High Energy QCD, BNL Brookhaven, May 2001 9/23



F.-P. S
hilling / DESY Hard Di�ra
tion at HERA: Results from H1Di�ra
tive Dijet Produ
tion in DIS[hep-ex/0012051℄Motivation:� Dire
t sensitivity to gD through O(�s) pro
ess(boson gluon fusion):� Jet PT provides se
ond hard s
aleKinemati
s (in partoni
 pi
ture):

F.-P.S
hilling What is the Pomeron?Di�ra
tive Dijet Produ
tionWhy bother with Dijets?� pT of Jets introdu
es another hard s
ale, whi
h may allowperturbation theory to be applied� through O(�s) diagram (see below) dire
t sensitivity togluons!Kinemati
s, viewed in terms of a resolved \Pomeron" model:
}
}

zIPxIP tp
e

p0
e0 XY


�Q2,y JetJet 'Remnant' Gap
zIP � Q2+M212Q2+M2X � (Dijet Mass)2(Total Mass)2! momentum fra
tion of ex
hange entering hard pro
essHEP Colloquium, Univ. Heidelberg, 31/10/2000 21/31

M12{ Invariant mass of two leading jetsz(jets)IP � Q2+M212Q2+M2X{ Momentum fra
tion of ex
h. entering hard s
atteringHigh Energy QCD, BNL Brookhaven, May 2001 10/23



F.-P. S
hilling / DESY Hard Di�ra
tion at HERA: Results from H1QCD Fa
torization � WorkPredi
t di�r. dijet 
ross se
tions with PDF's obtained fromin
lusive FD(3)2 measurement:[resolved 
� 
omponent in
luded℄
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F.-P. S
hilling / DESY Hard Di�ra
tion at HERA: Results from H1Di�ra
tive Gluon DistributionDijets dire
tly 
onstrain shape and normalization of gD:
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ontributions small℄� H1 �t 2: very good agreement with data� H1 �t 3: overshoots at high zIP� ACTW-D: too high) Support for fa
torizable di�r. PDF's in DIS whi
hare gluon-dominated and rather 
at in zProton rest frame pi
ture: q �qg � q �q statesHigh Energy QCD, BNL Brookhaven, May 2001 12/23



F.-P. S
hilling / DESY Hard Di�ra
tion at HERA: Results from H1Features of Di�ra
tive PDF's
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 pDi (z; �2)℄No visible variation of �IP (0) with zIP [see BEKW℄High Energy QCD, BNL Brookhaven, May 2001 13/23



F.-P. S
hilling / DESY Hard Di�ra
tion at HERA: Results from H1Energy dependen
e �IP (0)� Shape of xIP distribution sensitive to energy dependen
e of
ross se
tion:
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Parameterization used:fIP=P (xIP ; t) � � 1xIP �2�IP (t)�1 eBt�IP (t) = �IP (0)+�0IP t [B = 4:6 GeV�2, �0IP = 0:26GeV�2℄Fit Result:�IP (0) = 1:17 +0:03�0:03 (stat:) +0:06�0:06 (syst:) +0:03�0:07 (model)) Consistent with H1-FD(3)2 [Q2 similar℄� � distribution: Jets are small �, 
ompared with FD2High Energy QCD, BNL Brookhaven, May 2001 14/23



F.-P. S
hilling / DESY Hard Di�ra
tion at HERA: Results from H1Soft Colour Neutralization� Soft Colour Intera
tions SCI (Edin, Ingelman, Rathsman)original version and \generalized area law" (Rathsman)� Semi
lassi
al Model (Bu
hm�uller, Gehrmann, Hebe
ker)
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ribe FD(3)2 !High Energy QCD, BNL Brookhaven, May 2001 15/23



F.-P. S
hilling / DESY Hard Di�ra
tion at HERA: Results from H1Colour Dipole / 2-Gluon Ex
hange ModelsProton rest frame pi
ture: q �q, q �qg photon 
u
tuations s
atterelasti
ally o� proton by 2-gluon ex
hange
F.-P.S
hilling Di�ra
tive Dijet and 3-Jet Ele
troprodu
tion at HERA2-Gluon Ex
hange Modelsd� � � xIP gp(xIP ; �2)�2

γ* q

q
q

q
γ*

g

�
p p

ggModels 
onfronted with data here:1. Saturation Model (Gole
-Biernat, W�ustho�)- Predi
t �diff after �t to F2(x;Q2)- strong kt ordering 
ondition: kt(g) < kt(q)2. Model of Bartels, Jung, W�ustho�- one free parameter (gp(x) � �xed): pT -
ut for all partons- NO kt ordering 
ondition!� avoid large xIP region(valen
e region; sub-leading (quark) ex
hange)=) xIP < 0:01DIS 2000, Liverpool, 27/04/2000 10

�
�pT;L � j	T;L(�; r)j2 
 �̂2(r2; x; :::)�̂(x; r) � R d2ktk2t �1� eir�k��s(k2t) F(x; k2t)[F(x; k2t): unintegrated gluon distribution℄� BJLW Model [Bartels et al.℄:- 
al
ulation for high pT di�ra
tive �nal states- pT;g > pT;q in
luded (unordered pT )- F(x; k2T ): Derivative of GRV NLO� Saturation Model [Gole
-Biernat,W�ustho�℄:- pT;g � pT;q required (pT ordering)- F(x; k2T ) parameterized from �t to F2(x;Q2)
High Energy QCD, BNL Brookhaven, May 2001 16/23



F.-P. S
hilling / DESY Hard Di�ra
tion at HERA: Results from H1Colour Dipole / 2-Gluon Ex
hange ModelsxIP < 0:01 ) avoid IR ex
h.; P PDF's g-dominated
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riminate ;-(High Energy QCD, BNL Brookhaven, May 2001 17/23



F.-P. S
hilling / DESY Hard Di�ra
tion at HERA: Results from H13-Jet Produ
tion
Features:- Limited statisti
s: 130 3-jets for L = 18:0 pb�1- Kinemati
ally for
ed to xIP > 0:01

10
-2

10
-1

1

20 30 40
0

5

10

15

20

25

30

0.2 0.4 0.6 0.8

H1 Diffractive 3-Jets

M123 [GeV]

d
σ 

/ d
M

12
3 

[p
b

/G
eV

]

z
IP
 (3 jets)

d
σ 

/ d
z IP (3

 je
ts

)  [p
b

]
H1 Data
res. IP (MEPS)
res. IP (CDM)
BJLW

� Data above LO QCD predi
tion based on di�r. PDF's ifMEPS is used for higher order approximation� CDM does better job[Di�eren
e MEPS/CDM mu
h smaller for dijets℄� 2-gluon ex
hange (BJLW) lowHigh Energy QCD, BNL Brookhaven, May 2001 18/23



F.-P. S
hilling / DESY Hard Di�ra
tion at HERA: Results from H1Di�ra
tive Open Charm Produ
tion (D�)DIFFRACTION 2000 Paul ThompsonD� ! K2� Results (L = 21 pb�1)
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s still very limited.High Energy QCD, BNL Brookhaven, May 2001 19/23



F.-P. S
hilling / DESY Hard Di�ra
tion at HERA: Results from H1Di�ra
tive D� Produ
tion
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) H1 �t predi
ts three times higher 
ross se
tion !) Broken fa
torization (Errors still large)?) 2-gluon, qq + qqg 
al
ulation (Bartels et al.) OK at small xIP , high zIP !High Energy QCD, BNL Brookhaven, May 2001 20/23



F.-P. S
hilling / DESY Hard Di�ra
tion at HERA: Results from H1Dijets in Di�r. Photoprodu
tion (Q2 � 0)x
 dependen
e of 
ross se
tion:
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 similar to hadron-hadron� Suppression fa
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 ne
essary !) Fa
torization broken ? (Large errors...)[New measurement in progress...℄High Energy QCD, BNL Brookhaven, May 2001 21/23
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hilling / DESY Hard Di�ra
tion at HERA: Results from H1Crossing the Atlanti
: Fa
torization broken!CDF measurement of di�ra
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