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what is Diffraction ? at least one beam particle stays intact

Large cross sections in hadronic interactions
(Regge pole phenomenology of the sixties)
colourless exchange, in QCD not fully understood yet

advantage of HERA: study with methods of pQCD

» X (M,

) hard scale provided by Q2

(t)

beam particle (proton) stays intact

¢ , ~ ordinary Deep inelastic scattering
Y45 02
Q

x.

p
E S hard interaction of exchanged photon with parton of proton

p
\\q proton distroyed
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Kinematics and Observables in Diffraction

standard DIS variables

Q° = swy

e(k)

assumed
colourless exchange

proton may dissociate in low mass system Y

proton momentum fraction of exchange momentum fraction of exchange in hard interaction
_ Q@+ M3 _ _ Q?
TP = Grrwe B = gz

r =

|
8
=
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Kinematics and Observables in Diffraction

standard DIS variables

jet production

Q° = sxy
e(k’)
e(k’)
e(k)
jety 2
assumed \ jet} M1,2
colourless exchange
2 X (M)
y W
>
Y(M _r
PP\ fron) rapidity gap
proton may dissociate in low mass system Y
proton momentum fraction of exchange momentum fraction of exchange in hard interaction
Q* + M5 _ _ Q?
Lp = /8 — 02 2
Q2‘|‘W2 Q + M X ZPp = /3
2 _
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Factorisation in Diffractive DIS

QCD collinear
: factorisation at

fixed x., t

(Trentadue, Veneziano, Berera, Soper, Collins ...)
QCD hard scattering collinear factorisation at fixed x,, and ¢

dopartoni(ep — eXY) = [P(2,Q% zpp,t) © do®(z,Q?)
— \

diffractiverparton density hard interaction Xsection

¢, diffractive pdfs applicable like proton pdfs?

e.g. in some channels at LHC ?
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Factorisation In lefractlve DIS |, extension

QCD collinear \
. factorisation at
St SV .
Proton vertex _ _ Il _ _ _ _ . ‘
factorisation PR
S
P — P —/
(t) % P P
"""""""'""'(:I:r'e';]'t'a';j'l;'e'"'\;'e'r']'e'z'i'é'n'(')""B'é;'e';a“’ Soper’ COIIinS .r...l.)......................................................:
QCD hard scattering collinear factorisation at fixed x,, and ¢
dapartoni(ep —eXY) = fz‘D(wa QQ’ rp,t) & do(z, QQ)
#
diffractive parton density hard interaction Xsection

assumption of ‘proton vertex factorisation’

fD(CE QQ QZP,t) — fP/p(xP7t) flp(ﬁ_ Qz)
p vertex — /

structure of exchanged object IP
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Experimental Signatures of Diffraction

I
|
non-diffractive DIS
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consistent results of 3 methods
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1) require large rapidity gap (LRG)
2) detect proton in forward spectrometers
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Inclusive diffractive
Ccross sections -

D(3)
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new LRG data of ZEUS o
(large rapidity gap) 0

ZEUS renormalised to H1

(-13%, within uncertainties
of the experiments)
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Fit extrapolation

H1 and ZEUS in good agreement
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Diffractive pdfs

R O

O 04

o N

W @)

N N
NLO QCD (DGLAP) fits to 0
Inclusive cross sections 0.5
0.25
quark pdfs well constraint 0
02 % e 0.5
0.1 0.25
sizeable gluon density at high z ; .
0.2 0.5
but gluon not well constrained o1 0.5

012 014 016 018
. . Z
more experimental input?
H1 2006 DPDF Fit A

= (exp. error)

.| (exp.+theor. error)
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inLO =z =

(momentum fraction of exchange
into hard interaction)
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e(k’)

p(P)  \{/

— H1 2007 Jets DPDF
- exp. uncertainty

exp. + theo. uncertainty
----------- H1 2006 DPDF fit A
------ H1 2006 DPDF fit B

} diffractive inclusive
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Jet data -

H1 data

— H1 2007 Jets DPDF
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e QCD fit similar to fit B

e fit describes jet data and inclusive diffraction

e et data constrain gluon (also seen by ZEUS)

factorisation works for jets
10

but ...
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... but naive application of diffractive pdfs

fails in pp@
=
o= - H1 fit-2 ~+- CDF data
3

T e HIit3 EL125 7 GeV

108 (2= 75 GeV?) 0.035 < £ < 0.095

It| <1.0GeV?

10 L
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01 . H12006 DPDF Fit A T

' E — H12006 DPDF Fit B =

0.1
B
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>
| '(?,Z
‘1 y Jet
direct
Jet
Remnant
IP
p
> (J)—> Y
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explained by secondary interactions which fill the gap
(e.g. Kaidalov, Khoze, Martin, Ryskin.)
——> Cross sections suppressed

photoproduction similar to
pp reactions ?

> _
y® Remnant
174 17" /X
resolved“ Y ' Jet
}'V'lz X
Zip Jet
at small @ v)

Remnant
Xip
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H1 2006 Fit B DPDF
FR NLO! (149, ) Zp Jet
— FR NLO Frixione et al. (v)
— ‘ ‘ : X Remnant
S 1000 H1 b) J
w& i 1 P > ()—> Y
g i
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xjets
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do/dx:>* (data/NLO)

ZEUS
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—— ZEUS LPS, GRV

=N
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H1 2006 A, AFG (x 0.87) |

H1 2006 A, GRV (x 0.87)

H1 2006 B, GRV (x 0.87)

(b)
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0.8

1.0

NLO
Klasen, Kramer

X obs
~

observe suppression with respect to NLO based on diffractive pdfs
independent of X~
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ZEUS

5 ® ZEUS77pb’ (a) |
— ZEUS LPS, GRV . |
_ X [ H1 2006 A, AFG (x 0.87) | = NLO
H1 2006 Fit B DPDF = U B | Klasen, Kramer
ER NLO! (1+6 ) Jot g [ H1 2006 A, GRV (x 0.87)
: had Zp 400 - H1 2006 B, GRV (x 0.87) -
— FR NLO Frixione et al. (v) |
g ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Xip Remnant
0 i : _|
o 1000[ b)
gl : H1 ) | P > Y
o . ’ x
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3 | 2 2 :
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500 - § i
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250 : x L
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[ | ©
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observe suppression with respect to NLO based on diffractive pdfs
independent of X~
Conclusion :

factorisation ansatz works in DIS for inclusive data, for jets in DIS,
charm production (not shown), but only approximately for photoproduction
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Jet production in High Q2 DIS

hard parton interaction, nucleon destroyed

sensitivity to ais by Pt in ~' P system

# s is determined by comparison of data
with NLO pQCD calculations
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ZEUS used kt cluster algorithm with different jet radii R

N; g\‘ I I I T T T ‘-1 — 0 4 ;\‘ T T T T T T I I I T T \‘ T B
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S 10 - NLO! hadr! Z° N 0.2 I ]
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10 3 EjftB | 8 GeV E 0'2 - R=0.5 ]

5 lcos ", 1" 0.65 oy B
10 0 e s - 0 —— R R —
c B ' ] 02— I
-6 - 8 < ]
10 ;\ ! Lo ! Lo \ E -0°4}\\ | Lo ! Lo | \ {

2 3 4 2 3 4
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Q? (GeV?) Q’ (GeV?)

Excellent description by NLO ( DISENT, Catani, Seymour)
fit for QZ> 500 GeV

ag(Mz) = 0.1207 + 0.0014 (stat.) F3:09%> (exp.) 199922 (th.).
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Ratio of inclusive jets to total NC DIS (to improve precision)

|
jet/' NC

Normalised Inclusive Jet Cross Section

1= H1 Preliminary a) 1= H1 b) 1= H1 c)
- 150GeV3< Q%< 200GeV? 200GeV%< Q%< 270GeV? : 270GeV3< Q%< 400GeV?
0] . oE o e I S P 0
- - ==
1025 102} 10°F DISENT and
. - - V'
N —_— . y . © NLOJET++
107 = 10°F 10°F
141 — | T | 14 ! I + 14 ! _ (Z Nagy1 .
e e e @ te—a—a 8 le S e o Z. Trocsanyi
0.8 1 ' 1 1 0.8 | . . 0.8 | . —(f)—'
10 E./GeV 10 E./GeV 10 E,/GeV
1= H1 d) 1= H1 e) 1= H1 f) HERA |
E 400GeV3< Q%< 700GeV? 700GeV?< Q%< 5000GeV? F 5000GeV?< Q%< 15000GeV? / 1
10—1f=|=@= 107k 10k / 65 pb
: ce =@’=‘ o
B L
102 102 e 102 O HERAIPLB 653 (2007) 134
; =O.= ; E!r,tBreit >7 GeV (phase space corr’d) \

- - . jet ® HERA I+l preliminary HERA | ||
10’3 = 10'35— 0.8 < Lab <2 10° = [ NLO# hadr ’ r
14 I ' _(1)_ ' 1.4?— — ' zoF——"— ' ' g ' 395 pb

1.2 1.2 -+ 1.5}
E=————— - = 0 ——— DU« — - 1
S o ] T T v e
10 E./GeV 10 E./GeV 10 E./GeV
good agreement with HERA | and with NLO pQCD
In addition 2-jets and 3-jet jets analysed
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Determination of o, as function of Q

- H1 Preliminary

] 1 (! =Q)for Q> <100 GeV? (HERA I
1 (! =Q) for @*>> 150 GeV? (HERA I+ll)

—— Combined <! (! )> (incl., 2-, 3-jet)
0.3 from Q%> 150 GeV?

N\ T NLO uncertainty

_. a.(My) fit for Q% > 150 GeV"~
0.2

low Q° datalconsistent
with high Q9result _
‘ Qs running

0.1 ] ——  inone experiment
10 g/gev 10

using inclusive jets, 2-jets, 3-jets :
#s(Mz)=0.1182+0.0008(exp.) o0 (scale) £ 0.0018(PDF) (preliminary)

small exp. error/ \Iarge theoretical uncertainty
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Recent determinations of the strong coupling
from HERA |jet analyses

— exp. uncert.
H1 high Q2 jet multiplicities B - th. uncert.
Hiprelim-08-031¢ .
data shown thistalk .~ _________ > H1 low Q2 incl. jets
H1prelim-08-032 -—:—- __________________
ZEUS incl. jets .
Phys Lett B 649 (2007)12 L.
HERA comb. 2007 incl. jets 1
H1prelim-07-032/ZEUS-prel-07-025 ...
Bethke |
Prog.Part.Nucl.Phys.58:351-386,2007. | | |
0.11 0.12 0.13 (M)
. : : oL
precise #.,(M.) determinations Sz

from jets in DIS

limitation by theoretical uncertainties
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Conclusions

Diffraction
factorisation holds, i.e. diffractive pdfs can be applied

iIn inclusive DIS

jet production in DIS
charm production (not shown)
only approximately in photoproduction

(not straight forward in PP )

Non-diffractive jet production

precise as determinations

limitation by theoretical uncertainties
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do/dz* [ pb ]

Check Factorisation in Diffractive photoproduction of D*

-
=]
=]
L=

=]
=
=

N
=
=

400

200

o

obs
Zp

do/dn(D*) [ pb ]

450

- H1 2006 DPDF Fit A
400- |
asof " H1 2006 DPDF Fit B
3003_ @ H1 99-00
250F
200
150(- :
100§— I

E|||| | ||I|||I||II|||||

45 41 05 0 05 1 15
n(D*)

H1 Diffractive D * in DIS

d! /dp,(D*) [ pb/GeV ]

o
~'

10:*

panic08

— 250
.g_ i H1 2006 DPDF Fit A
' 200} " H1 2006 DPDF Fit B
z B
Q - e H199-00
= 150
T I
T R E— F :
100 I E —
B
i + l
50-  Jumw T...
- ®
i 1
b) 07IIIIIIIIIIIIIIIIIIIIIIIIIIIII
-1.5 -1 05 0 05 1 1.5

%lﬁu_l"ll""lllIIIIIIIIIIIIIIIIIIIIII_
“‘é ep—eD*X'p
= 140 —
T
= e ZEUS 79 pb™
120 F P J
- NLO QCD (FMNR) .
100 — HI1 2006 Fit A —
i — —-- H1 2006 Fit B i
80 - — ZEUS LPS+charm Fit -

60

40

20

of i
0 0005 001 0.015 0.02 0.025 0.03 0.035
X

Ir

Diffractive pdfs applicable

J. Gayler



« Data/theory comparison
same for all x

« “Suppression” factor of
~0.5

* Indications of E-
dependence (ZEUS sees
weaker global
suppression at higher E;)
 Sensitive to choice of
dPDF
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