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HERA - ep collider (1991-2007) Moriond'11, La Thuile
~ 0.5 fb~1 per experiment
/s ~ 300 GeV
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[UEUEIC  Inclusive DIS variables

ep collisions: Inclusive DIS - study structure of the proton

e(k) + p(P) — le(K")X:

s = (k + P)?,ep system energy

Q? = —q?, virtuality of the photon
Q%> 1 GeV? - DIS
Q2 ~ 0 - PHP

2 .
X = 2%7, momentum fraction of
the struck parton
y = Z—g, inelasticity

dZ(Tep . 2 2 2m 2
i = T YelFa(x Q1) = $Filx, Q)]

where F, F; - proton structure functions (for details see Voica's talk on Monday)

In this talk highlights of the results on processes with specific signature:

@ Jets )
LO - ag
° s
e constrain PDFs
o Di i 2
Diffractive events LO - a2
e "gluonic” content of the protc 2g-colorless exchange (!)

o Multiparton Interactions
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Kinematics running alfa s

Jet cross section - Series expansion in powers of as

Cjet = me(;m) Z Jayp(@, pg)®

a=q,4q,9

Fa,m (@, pr, pF)(1 + Shaa)

Coefficients are convolutions of o o
@ parton distribution functions (PDFs) f,,, ...
(and of y-PDF in case of PHP) th, uncert.
@ hard scattering matrix element & exp. uncert.

ZEUS

Normalised jet cross sections at high Q*
H1 (Eur Phys J C65 (2010) 363)
Multi-jet cross sections at low Q”

H1 (Eur Phys J C67 (2010) 1)

T T
0.22 ZEUS (prel.) — QCD . - Inclusive-jet cross sections inyp
o NC DIS 300 pb™! ZEUS-prel-10-003
0.20 - corr. uncert.  [77] th. uncert. B #e—  Inclusive-jet cross sections in NC DIS
o photoproduction 189 ph™' | ZEUsprel-10002
0.18 - corr. uncert. 7 th. uncert. - HERA combined 2007
(H1prelim-07-132/ZEUS-prel-07-025)
0.16 -
- HERA average 2004
0.14 (C. Glasman, hep-ex/0506035)
] World average 2009
0025 e T (5. Bethke, Eur Phys J C64 (2009) 689)
10 20 30 40 50 60 70 . . L
jet 0.1 0.12 0.14
E (GeV) a(M,)

Precision measurement of as and its running in one experiment
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s el S
Dijets in Photoproduction

. _ZEUS ZEUS
I~ E E] i~ T T T T ]
E E < Z5US (prel.) 189 ph E 2 o ZEUS (prel.) 189 pb™* ]
= " r NLO ® hadr: p/y PDFs | £ 300 P o1 Gev, B 5 17Gev ]
C E Kl t al, 3 k= r o 1
“v E (Klasen et al.) 3 = | -<n*<2s Jjet energy scale -
_«T; F #4 ZEUS-S/GRV-HO 7 _g L Q*<1GeV? uncertainty -
E 1 = | r 02<y<085 1
5 E 3 200 B
' - jett je2 E [ 1
E E‘T >21GeV,E} >17 GeV 3 F NLO ® hadr: 1
[ a<ni<as ] 100 -~ p/yPDFs B
1075 Q*<1GeV? E [ (Klasen et al.) 1

£ 02<y<085 3
3 r Jjet energy scale uncertainty 1

© 107 PR R o o o e B e
=) f ] | £ E
Z 05 - B Z 05 & E
= E o 1
= 0 ; 0 1
St £ | Tt 3
= g5 -~ ZEUS-S/AFG04 — MSTWOS/GRV-HO S s ZEUS-S/AFG04 — MSTWO8/GRV-HO -
- - —— ZEUS-SICJK ] - — - 3
4 I R N RN U I & £ \ZEUS\S/CJK\ | | ]
30 40 50 60 ,J 80 0 0.5 1 1.5 2 25
(GeV) i

Good description of data by NLO QCD in the whole measured range
Sensitivity to proton (high £5°) and photon (high 7**) PDFs

ZEUS-prel-10-014
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i e 8
Using DIS jets in HERAPDF fit to get as

@ Jet production mechanism relates the gluon PDF and as

@ If we improve our knowledge of PDFs we can also improve it on as

@ Perform a simultaneous fit on gluons and «s in HERAPDF1.6

(s treated as free parameter)

Ml and ZEUS HERA 111 PDF Fit

20

N
o5

%
as SCAN 10
0

" NO JETS w-re

H1 and ZEUS HERA 1411 PDF Fit with Jets

PWITH JETSeme

X8 (<005

H1 and ZEUS (prel.)

--- HERAPDF1.5f
—HERAPDF1.6

HERAPDF Structure Function Working Group  March 2011

0114 0116 0118 0.2 0.122 0.124 0.126
os(M)

S 211

HERAPDF Siwcare Fancion Working Gromp

H1 and ZEUS (prel.)

HERAPDF1.6

Preliminary

H1 high @” norm. k, multijets
Eur. Phys. J. C65, 363 (2010)

H1 low G? k; multijets
Eur. Phys. J. C67, 1(2010)

ZEUS incl. k; jets 96-97

— exp. uncert.
==+ th.uncert.

March 2011

HERAPDF Structure Function Working Group

—
Phys. Lett. B 547,164 (2002 Tttt
ZEUS incl. k; jets 98-00 -
Phys. Lett. B 649, 12(2007) T
World average -
S. Bethke, Eur. Phys. J. C64, 689 (2009)
T I Al A AR
0.11 0.12 0.13
a(M,)

HFS and Diffraction at HERA
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[SUELEEICE  Diffractive DIS variables

Diffractive DIS kinematics

e(k) + p(P) — e(k")XY:
where

X - diffractively produced system
Y - proton (My=m);) or a proton remnant system

X(M,)
s = (k + P)?,ep system energy
]| squared 4-momentum
transfer at proton vertex
X|p fractional momentum loss of proton }Y(MY)
(momentum fraction IP/p)
B x/xp

(momentum fraction q/IP)
reduced diffractive x-section: :

oP(8,x, Q%) = FPD(8,x, @) — L FP(8,x, @?), in pQCD

P~ colorless " 2g exchange”

QCD factorisation theorem, proven for DDIS [Collins'98]
o =38 @1 (xe, t, 8, Q%)
@ G subprocess ME

o ° - DPDF, universal for diffractive DIS processes
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Two ways to select (define) diffractive events

1) by proton spectrometers

‘Hll\fFPS i{laFPi H H m
220 90 80 64 40 24
by
ZEUb LPS

(Limited by statistics and p-tagging systematics)

2) by 'Large rapidity gap’ adjecent 77,
to outgoing (untagged) proton

(Limited by pdiss systematics)

7 /50
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ISEVNSiieY: il 2D (3) measurement

Reduced x-section measurement: VFPS&FPS .vs.LRG

©  H1VFPS Preliminary ©  H1LRG Published x 0.81
H1 PRELIMINARY O H1FPS Preliminary H1 2006 DPDF Fit B x 0.81
o HILRGPreliminaryx0.81  ===--- H1 2006 DPDF Fit B X 0.81 (extrapol.)
o7 , - w ” w w -
ood ool ooz poow] pooer]  pmnnd potno]  pooare]  ponaesd #8°
0.02 Y L
X (M)
ood pre sy
oo o £ L e Gl s
0.08%,=0.0051]
004
oed, . - | g | g gy Y(mM,)
& uod T L R A e B
8x oo o
Q oo 2 s oot e e | e | pommmestn | | oaneato | - - —~Lagon
X el xe0013]
004
o002 L T D R Bl Pl et
oo xe0017]
004
002) Lm- e e _,,p.-JL ae | pamdm | _esee | --—fay
oo %0022
004
onzfy 5% ol R I B i s all B L) BV ¥ ) VDY) PR P
o0 p-0.002 $=0.006] 0018 $-0.056 (=0.178 p-0.562
004 0035
oo ke - e e | o
o00) %0050 ®
ooy ut— e PR
oozf . e = - I
o0 o Xp=0.075
S gt P PR :
gk - LA _a e . Y
10 3 0 10 10 10 10 10 10 3

g [GeV?] :

| | | | | | -
Th&& different&etectors {#fo differeht®methods) Kinematic’sFacefcoverage with
very nice mutual agreement!

o, ~ F?, scaling violation as in the F from inclusive DIS [F2 is a subset of F,]
H1prelim-10-014
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Inclusive Diffraction [EZNSNEIRIEey]

Extracting FLD

2
UrL)(?))(XIP, B, QQ) _ FQD(3)(XIP-,B~ Q2) o %Ff(a)(X/P,ﬁ, 02),
at high y contribution of FP becomes significant — measure it

In order to extract FP (F.) must have o’ at 3 different /s
Here, adding H1 xsection measured at <Q? >=4 GeV?

.. D
H1 Preliminary H1 Preliminary F/
<~ 005f «— -
O ooasE Q°=135GeV?  x,=0.003 O 003 Q°=4GeV®  Q’=135GeV’
N E E,=920GeV r [ x,=0.003 X,p = 0.003
(<=} E P =N F (L P
w O E;=460GeV = o002l
x> oossf  Ep=575GeV x- I
N E ~— L
g 003 9 oo1f
o 0,025F o [
3 E N of 4
0.02F F
0'015;- . [ ] 4 Data 0.01 :_ T
0.01 — _ X o2 H1 2006 DPDF Fit B L
0.005 ;_ X, F2 H1 2006 DPDF Fit B 0.02 :_ "ii?:’g.l,DPDF FitA 'ii?:'gl,DPDF FitB
P S A . E M| L
10" 1 10 107 1

The first (& the only) measurement of F° # 0 (directly see gluons!)

H1prelim-10-017
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Diffractive jets

Universality of Diffractive PDFs and Rapidity Gap suppression

L . a
@ Naive implementation of HERAs DPFs g3 [ e + CDF data
- ! == Hi fit-3 EF'257GeV
at pp is off by a factor of ~ 10 100L |2 eoe®)  omsat <008
. - Rescatter t/<1.0GeV
o Gap survival probability $% ~ 0.1 withp 2 : °
o Suppression due to remnant jet
rescattering on proton, i.e. jet
Multiparton Interaction (MI) !
—— H12006 DPDF Fit A
0.1 —— H12006 DPDF Fit B }
P P 0.1

8 1

" Direct” photon = " Resolved” photon

Y (@ jet |

(Xy —=1) o M (X, <1)
Zp (X(PY X(P,)

$?=1 oA | S? ~ 0.34
Xip

GAP
PP) vE p(P) Y(P)
HFS and Diffraction at HERA
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Diffractive dijets in vyp

ZEUS [EF > 7.5 GeV] - no evidence for Gap suppression
H1 [E} > 5 GeV] - Gap survival probability < 1 (at 20)
o(H1)/o(NLO) = 0.58 £ 0.12 (exp) £ 0.14 (scale) £+ 0.09 (DPDF)

o No x, dependence, hint of ET dependence?
e implement "resolved” photon suppression

NO SUPPRESSION WITH SUPPRESSION

> T T - >
o H1 (a) (b) ]
21 1 4 2 2t
.\9 E 15
[ o
k-] o
0.5 1
05
02 04 06 08 1 6 8 10 12 14 02 04 06 08 1 6 8 10 12 14
. ot . )
x!’ets E!:t [GeV] xlvﬂs E!ren [GeV]
* Hidata * Hidata
[] data correlated uncertainty [ data correlated uncertainty
=== NLO H1 2006 Fit B x (1+hsr) E== NLO H1 2006 Fit B, KKMR suppressed x (1+5nacr)
—————— Rapgap ------ NLO H1 2006 Fit B, resolved x 0.34 x (1-+3nacr)

"Resolved” photon suppression factors improve data/theory agreement
H1prelim-10-017
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Exclusive Vector Meson production [EEEJECERENEIICS

Exclusive VM production - |t|-dependence

p

b,

imp

ZEUS

® ZEUS (prel.) 468 pb™' |
— MC Y(IS) total ]
~—MC Y(18) (elastic)

MC Y(1S) (pdiss)

dN/d]t] (1/GeV ?)

~ 2
do —b|t t=|P-P
a4 ~ € It ! l L T TR TR X R Y R P ¥ ;
b - sensitive to the transverse size 14(GeVh
of the interaction region o o o ZKUS 600 (20 | & 0ZEUS%
2 1 ® pZEUS9% A ¢ ZEUS 98-00
. . L] ZEUS 95 A ¢ HI196-00 -
Geometric picture - *g%; o sm%-oo B J/y ZEUS 98-00
. = W J/y ZEUS 96-97
transverse size: 10 | O Jhy H196-00 ]
_ , X T ZEUS (prel.)
b= by + by N g
transverse size:
6
. 1
Vector Meson: by ~ T ;
Target: b, ~ 5 GeV 2
. 2 % DVCS H196-00 b
b, can be interpreted as % DVCSHL
0 * DVCSZEUSLpslllpb")
r, J ~ O 5 fm L S L
gluons : 0 20 40 60 80 100
charge radius of the proton QXM (GeV?)
rem ~ 0.8 fm New ZEUS measurement of 7°(1S) consistent with
hard regime VM production. ZEUS.prel- 10020
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Summary

@ A brief overview of recent results on jets and diffraction at HERA presented
e and this is a breif overview of a tiny fraction of new results
o the HERA jets are a powerful tool
e to increasing precision of as determination
e and constraining proton PDFs
o latest results on diffractive structure functions FP and FP from inclusive diffractive
cross section measurement presented
° F2D demonstrate scaling violation, similar to F»
° FLD none zero, consistent with QCD expectations
o diffractive dijets demonstrate Rapidity Gap Suppression
o Exclusive Vector Mesons provide important input on gluon transverse distribution in
the proton
@ The ungiue data from the HERA collider experiments is crucial to understanding
proton structure and plays an important role in understanding present and future
data from Tevatron and LHC.
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Backup slides
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1 (Diffraction)
@ Measurement of the Diffractive Deep-Inelastic Scattering Cross Section with a Leading Proton at HERA
DESY-10-095

@ Diffractive Dijet Photoproduction in ep Collisions at HERA
DESY-10-043

@ Measurement of the longitudinal diffractive structure function FLD at low Q2 at HERA
Hiprelim-10-017

@ F2D3 with VFPS
H1lprelim-10-014

@ Measurement of the diffractive longitudinal structure function Ff at HERA 11
H1prelim-09-011

@ Forward neutron PT distributions
Hilprelim-10-113

@ Diffractive Jet Production in Deep-Inelastic Scattering with a Leading proton at HERA-2
H1prelim-10-013

@ F2D3 with rapidity gap
Hlprelim-10-011

@ Measurement of Leading Neutron Production in Deep-Inelastic Scattering at HERA
DESY-09-185

@ Deeply Virtual Compton Scattering and its Beam Charge Asymmetry in ei p Collisions at HERA
DESY-09-109

@ Diffractive Electroproduction of rho and phi Mesons at HERA
DESY-09-093

@ A Measurement of the Pomeron Trajectory based on Elastic Rho Photoproduction
H1prelim-09-016
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1 (Hadronic Final States)
@ Measurement of the Azimuthal Correlation between the Scattered Electron and the most Forward Jet in Deep-Inelastic
H1lprelim-10-131

@ Transverse Momentum of Charged Particles at low Q2 at HERA
Hiprelim-10-035

@ KOs production at high Q2 at HERA |1
H1lprelim-10-031

@ K*4- production at low Q2
H1prelim-08-132

@ Minijet Production in Deep Inelastic Scattering at HERA
H1prelim-07-032

@ Azimuthal correlations in dijet events at low Q2 DIS
H1prelim-06-032
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ZEUS (Diffraction)

Upsilon(1S) t-slope in PHP
ZEUS-prel-10-019

elastic rho/rho/
ZEUS-prel-10-012

Energy dependence of the total gamma p cross section
DESY-10-178 (arXiv:1011.1652)

QCD fits with diffraction
DESY-09-191 (arxiv:0911.4119)

Measurement of dijet photoproduction for events with a leading neutron at HERA
DESY-09-139 (arXiv:0909.3032v1)

Ja production at large t
DESY-09-137 (arXiv:0910.1235)

Measurement of the Longitudinal Proton Structure Function at HERA
DESY-09-046 (arXiv:0904.1092)

Exclusive Photoproduction of Upsilon Mesons at HERA
DESY-09-036 (arXiv:0903.4205)

Leading Proton Production in Deep Inelastic Scattering at HERA
DESY-08-176 (December 2008)

Deep Inelastic Scattering with Leading Protons or Large Rapidity Gaps at HERA
DESY-08-175 (December 2008)

A Measurement of the Qz, W and t Dependences of Deeply Virtual Compton Scattering at HERA
DESY-08-132 (December 2008)

Deep inelastic inclusive and diffractive scattering at Q2 values from 25 to 320 GeV'2 with the ZEUS forward plug calorimeter
DESY-08-011 (February 2008)

Diffractive photoproduction of dijets in ep collisions at HERA
DESY-07-161 (September 2007)

Dijet production in diffractive deep inelastic scattering at HERA
DESY-07-126 (August 2007)

Exclusive po production in deep inelastic scattering at HERA
DESY-07-118 (August 2007)

Diffractive photoproduction of Dstar(2010) at HERA
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ZEUS (Hadronic Final States)

Inclusive jet cross section in yp
ZEUS-prel-10-003

Inclusive jets in NC DIS + alphas
ZEUS-prel-10-002

Three-subjet distributions in NC DIS

ZEUS-prel-09-007

Dijets in PHP and constraints on p and gamma PDFs

ZEUS-prel-10-014

Inclusive dijet Cross Sections in Neutral Current Deep Inelastic Scattering at HERA

DESY-10-170 (arXiv:1010.6167)

Inclusive-jet cross sections in NC DIS at HERA and a comparison of the k, anti-k 7 and SIScone jet algorithms
DESY-10-034 (arXiv:1003.2923)

Inclusive Jets in PHP with anti-kt and SIScone + alphag

ZEUS-prel-10-015

Scaled momentum spectra of identified particles (KO, Lambda) in the Breit frame
ZEUS-prel-10-013

elastic rho/rho/

ZEUS-prel-10-012

Measurement of isolated photon production in deep inelastic ep scattering
DESY-09-142 (arXiv:0909.4223)

Scaled momentum distributions of charged particles in dijet photoproduction at HERA
DESY-09-059 (arXiv:0904.3466)

Scaled Momenta in Breit frame
DESY-09-229 (arXiv:1001.4026)
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i difEs o PP
Diffractive dijets in PHP, 1/3

.. meanwhile in pp(bar) ... & [ Thk LSTE
F(Q%=75GeV?) 0.035 < £ < 0.095
Tevatron effective DPDFs, e
from dijets show ~
strong factorisation
breaking compared
with HERA DPDFs ... 2o DrDFFHA
N gap SUI"ViVOI‘ = > — HizonSD‘PDFFIlB
factor S2~0.1 b '
.. explained by rescattering / absorption

... photoproduction jets as the perfect control experiment?...

Rescatter

ng i e? “pesolved”
"Direct” Jet photon
' [Zap] "52 ~ 0.34"
"s2= 1" 6AP] b (KKMR)
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i difEs o PP
Diffractive dijets in PHP, 2/3

X-Section Differential in x,
ZEUS

T E ]
B cnp [ ZEUSdiff difet yp 900 1
. 500 corr. uncertainty 4 Z(E —-P )
S [ —ZEUS (prel) DFDF S incl+difets ] Jets
T gpp [ 7T FREw e ot foomeeeees - X, = £
Sl i : (E-p.)
r 1 HES
Rescatter | T
Y withp? o [ -
" [ ]
9(x) ot 9
9(z) |

H1 PRELIMINARY

H1 HERA 99-00 e+ Data / NLO-FR (1413“”)

jet []
\:\A
P L

S
I
el
@
oL
o

J

x Ermers L s
- Similar quality of descriptions & oy ]
of high / low x, regions! E
-Hl:  Ege>5 GeV 5 %
. o]
.. suppression by factor ~2 8 as

_ZEUS' ET‘]eT1 > 7.5 Gev u‘z Uf-ﬂ D‘.!! Ufﬂ 1
-... little or no suppression ...
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i difEs o PP
Diffractive dijets in PHP, 3/3

Cross Section Differential in E;

H1 Diffractive Dijet Production H1 PRELIMINARY
T g H1 HERA 99-00 e+ Data / NLO-FR (1+5hdr.)

o

-+~ H1 2006 FitA
=% H1 2007 Fit Jets

H1 2006 Fit B DPDF

Hi 2006 Fit B
=

o
2
5
-t
< =
]
E]
5 g
= Q
e =
o =
= -~
E o
s 0.5 =
8 a
5 7 9 1
prett (GeV)

+ Suggestions of harder Et dependence in data than NLO
theory ... thus of E, dependent gap survival probability

* For highest EJ¢!!, survival probability compatible with unity
(c.f. previous ZEUS results)

* Could rescattering effects for photon depend on Et, not x.?
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DVES: Beam ez Asymisisy
DVCS: Beam Charge Asymmetry, 1/2 H1-prelim-09-014

DVCS — Deeply Virtual Compton Scattering BH — Bethe-Heitler
€ - .
¥ PR VIV
" . ) ) Y
—> € ,Y
p p Yé
p. PP p

do=do" + dO'DVCS@Interferen ce.Term.
/

+ for beam lepton charge (+)

- for beam lepton charge (-

o' —o~ ~ Re(Interference.Term)

BCA:g:p1 *cos@)+... , p, ~ GPD
o' +o
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DVES: Beam ez Asymisisy
DVCS: Beam Charge Asymmetry, 2/2 H1-prelim-09-014

o 05 -
< ST Alpreiminary = oo i
o3yl e GPDs model
0.
01 T
0.1F
02F
03F
0.4 F
P N I B BN A AU U B B
0 20 40 60 80 100 120 140 160 180

0] [degrees]
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Effective Pomeron trajectory, 1/3

Effective Pomeron trajectory: a(t) = a(0) + o' - t

H1 PRELIMINARY
~ 115
= [
3 [ —® Omega+H1+ZEUS Data
Cortelated Erfors
1.10 Linear-P F
rrrrr Donnachie & Landshof >
105 £ 1 Y

[ Elastic p°
.90t i’

PN I I
-0.8  -0.6

PRI IR BRI
-04 -02 00 0.2

t[GeVY]

e Global fit: p° Photoproduction, (Omega, H1, ZEUS)
(1.0871 +0.0026 £ 0.003) + (0.126 +0.013 £ 0.012) GeV/~2- ¢
o H1: (1.093 +0.003139%8) + (0.116 + 0.02775.538

T0.040) GeVZ -t
o ZEUS: (1.096 4 0.021) + (0.125 + 0.038) GeV/~2 - ¢
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Effective Pomeron trajectory, 2/3

Effective Pomeron trajectory: a(t) = a(0) + o' - t

ZEUS
s T T
= (a)
S12p i
$
4 [
11 ?
P S | I | |
0 2 4 6 8 10 12 14
Q (Gev))
«— T T T T
S (o) Yp—5%
8 041 ® ZEUS 120 pb™
=, O ZEUS 1995
N
021 i 1
ol | L

0 2 4 6 8 10 12 14
Q* (GeV?)

ZEUS, /° electroproduction: «(0) and o' as a
function of Q?
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Effective Pomeron trajectory, 3/3

H1 p and ¢ electroproduction (preliminary) H1 p production (preliminary)
~ 16 T — LML IS Mt i A Al
S TPopp TP—-op “-‘> p production ¢ production
dE ® H1HERA-1prel. A H1HERA-1prel. © (4 [® HLHERA-lprel. A ZEUS =
GO | W HLHERA-2 prel.
| Hisv A ZEUS - O zEUS
O zEus e O Omega+ZEUS
14 psawp B 3 + ;
* HL l l 0.2
* ZEUS j{
!

—
L

T

1.27*?#% 2 1 ’ Jhyproduction  DVCS l

%% LT

+ * HL % ZEUS T H1HERA-2prel
¥ H1DVCS ) wenes 05(0)=1.08 T
10 70’20 05 1 15 2 25 3 35 4 45 5
Q*+M? [GeV?] (Q*+M3)/4 [GeV?]
1.2 . ¢
R :
=] 1 4
W DT T
2 I V7] /Y
o8 T
0.4 9
%o,z F B
ST 1 oo o
B ol + 1
=02 gy TE 16 12 14716 18 20

Q*+M/(GeV?)
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e engles sy /6
Helicity angles study, R =0, /oT

s-channel helicity conservation (SCHC)
natural parity exchange (P = (—1)’) in the
t-channel (NPE)

5 non-zero spin-density matrix elements

15 parameters fit to total angular distribution
rso deviates from zero !

rso = 0.095 +0.019 + 0.024 (ZEUS) and

réo = 0.093 £ 0.02470 1 (H1)

reo ~ single-flip amplitude, 7% — p;

if SCHC holds — R=o0,/o1 = 1§y /e(1 — 1§y)
if not — r§% — ¥ — A% Aocrl//2r%
R(SCHC) - R(SCHNC) ~ 3 %
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Backup

Helicity angles study, R =0, /oT

Helicity angles study, p/¢

04 04 04 1
Too Rery, M1 Too
11— ———— 0.1 — T
01f 1 oos 02 B
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(it s iy o)/
R = oy /o1 does not depend on W
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Backup QCD fits and diffractive PDFs

QCD fits to New ZEUS LRG data
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Igor Rubin:

HFS and Diffraction at HERA

FP measures quarks
dF?P /dlogQ? - gluons

z = incoming momentum fraction
of parton (=g for quarks, > 3 for
gluons)

two schemes:

DPDF S - "Standard” scheme
(flexible gluons)

DPDF C - "Constant” scheme
(stiff gluons)
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QIED i e v PRI
W-dependence, (light VM: p, ¢)
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DIS (Q* > 1 GeV?)

light Vector Mesons
o~ W5,

§ rises with Q2
from "soft” to "hard”
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W-dependence
heavy VM: J/4¢
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Backup Qz-dependence

Q2-dependence, o ~ (Q* + M2)~"
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H1/ZEUS: perfect agreement
o Q> 0 GeV?, n~2.0040.01, x*/ndf ~ 10
e Q2> 10 GeV?, n~2.50+0.02, x*/ndf ~ 1.5
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@it
Q2-dependence, o ~ (Q* + M2)~"
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H1/ZEUS: perfect agreement
e J/¢ n=2.49+0.08
e DVCS n=1.5440.06
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R R=o01/0T

Helicity angles analysis, R = o, /o1

(¥* p center-of-mass frame )
~F N9
e/ t
e/~ o /0
Scattering Plane 0 -
X P n
(Dh Production Plane

A
Decay Plane U

o Study angular distributions: 3 angles (0, ¢n, Pn)
@ 15 combinationof spin-density matrix elements, r,ﬂfl

@ s-channel helicity conservation SCHC

° YT = PT
o —~ oL
e if SCHC holds — R = aL/aT = rgg‘/e(l — )
@ in practive fit to cosfy: dcose ~1— 18+ (3% — 1)cos®0y
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R=oi/oT
R= E( QZ/MZV)k H1 p and ¢ electroproduction (preliminary)
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R=oi/oT

and R does not depend significantly on |t| !!
|t|-distributions are most sensitive to differences in interaction 'size’

— conclusion "small size configurations dominate at high Q2/MV

— one must better understand all mechanisms of "transversity” in V1
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ep collisions: Inclusive Diffraction (ep— eXY)

Additional variables:

[t] = squared 4-momentum
transfer at proton vertex

Xip = fractional momentum loss of proton
(momentum fraction IP/p)

B = X/xp

(momentum fraction q/IP)

reduced diffractive x-section:
PO(8,x, Q%) = D3(ﬂ Q) - & F (/3’ x, Q%),
D(8,x, @2 t) = F,P(8,x, @2, )— LFPN(8,x, Q% 1),

similar meaning of FP, FP to inclusive structure functions F, and F;.
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R=oy/oT
ep collisions: Diffraction (in general ep— eXY)

...and also:

Mx = invariant mass of
diffractively produced system

My = invariant mass of

proton remnant system

Special cases:

My = mj, -proton stays intact,
need special detector setup to detect protons
— H1 FPS, VFPS; ZEUS LPS

My > m, -proton dissociates,
the background to be understood and disantangled.
— LRG (Large Rapidity Gap method)
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t-dependence: Leading Proton mesurement |t]
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t-dependence: Leading Neutron mesurement (cf. to ZEUS proton)
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t-dependence: Leading Proton mesurement |t]
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t-dependence: Leading Neutron mesurement (cf. to ZEUS proton)
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Backup

W-dependence

PHP (Q% ~ 0 GeV?)

W-dependence

DIS (Q* > 1 GeV?)
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et
W-dependence summary PHP-DIS

consistent within pQCD

o experiment gives o ~ W?°

w 2
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QUM HERA accelerator

HERA

HERA - ep collider (1991-2007),
HERA-I in < 2000, afterwards: HERA-II
located at DESY, Hamburg

E. =27.5GeV

E, = different:

820 GeV (/s = 300), 95p-97p : 42 pb~!
920 GeV (/s = 320), 98e-07p : 455 pb~*
575 GeV (/s = 252), 07p 11 pb~?
460 GeV (/s = 225), 07p : 6 pb!

H1 and ZEUS: colliding beams experiments with similar physics analysis program.

luminosity collected: = 0.5fb™ ! per experiment
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QUM HERA accelerator

An important subset of diffractive reactions - Exclusive Diffraction

o vector mesons (J7C =177, p, ¢, J/2, T)

@ photon (DVCS)

Kinematics: M%, Q% W, |t|

M3, Q* provide hard scale to apply pQCD,

o two gluon exchange: o ~ as|xg(x, Q*)> ~ W°

o remember: F(x, Q%) ~ xg(x, Q) ~ M@
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QUM HERA accelerator

Diffractive to Inclusive dijets comparison

e,

@ further tests of gap survival issues

@ some experimental systematics and theoretical

uncertanties (e.g. photon structure) cancel out in
the ratio

) ®)

v
resolved

@ GAP suppression (due to Multiple Interactions) can
be really large, but the uncertainty on this effeect is | H1 data
also large [ data correlated uncertainty
Rapgap / Pythia™ ™
— Rapgap / Pythia™
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Introduction
from jets to as

Jets can be used to determine the strong
coupling constant as

th. uncert.

HERA accelerator

e+ Inclusive jet cross sections in NC DIS

ZEUS (Phys Lett B 649 (2007) 12)

i Inclusive-jet cross sections in NC DIS

H1 (DESY 07-073)

o+ HERA combined 2007 inclusive-jet NC DIS

(this analysis)

rot HERA average 2004

(hep-ex/0506035)
- ‘World average 2006
(S. Bethke, hep-ex/0606035)

exp. uncert.
Consistent with the world average.
Simultaneous fit to inclusive, dijet, and
trijet allowed to reduce experimental
uncertainty.
Precision limited by the NLO calculation

n 1 L
0.1
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QUM HERA accelerator
Jet algorithms comparison

Performance test for new algorithms developed for LHC (anti-kt, SIScone)
applied for the first time to inclusive DIS
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@ k7 and anti-kt perform similar

all three algorithms perform well

@ SlScone hadronisation correction and are consistent with each other!
somewhat higher
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