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HERA Collider

* From 2003 (HERA II) polarised lepton
beam

+ mid 2007: end of machine operation

+ expected luminosity: ~700 pb!
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HERA Physics

v+ 1ideal machine to make precision ﬁﬁﬁ

studies and test new QCD predictions

LHC parton kinematics

Y /L
X = (M/14 TeV) exp(xy)
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HERAIZI: Polarized CC DIS

4

CC DIS cross section measured as a
function of polarization of lepton
beam

SM linear relation between cross
section and polarization clearly seen

good agreement between experiments
and between data and SM

Right-handed CC DIS cross section
consistent with zero

W_ limits @ 95% CL:

H1: M(W_) > 186 GeV, ZEUS: M(W_) > 180 GeV
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HERAIZI: Polarized CC DIS
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rigorous way

LHC measurements

Fits within single experiment!

Expected significant impact on
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QCD Fits with HERAII Data
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Combined QCD & EW Fits

>

Polarization gives direct sensitivity to EW

In global fit EW parameters and PDF's are
determined simultaneously (correlations
taken into account)

from 4 parameters 2 constrained and 2 fitted

ZEUS EW fit gives excellent constrain on 2

quark couplings (best or comparable), other
fits as well

well consistent with SM

MW determined as well

M, = 79.1 £0.77 (stat +uncorr) £0.99 (corr.sys.) 6eV (ZEUS prel.)
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consistent with world average
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Diffractive PDFs

" i o ' n . . Tl
exclusive inclusive

y p gap Xip
generalized gluon :
distribution P j/f p & ) P
diffractive PDF f

-

+ Diffractive Higgs productio
and GPDs

LHC needs knowledge of DPDF's

¢+ Global fits to HERA diffractive data give DPDF's
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Diffractive PDFs

z*zinglet{z)

~10% of inclusive measurements
has Large Rapidity Gap (LRG)

proton vertex factorization gives
universal diffractive PDFs (DPDFs)

Two diffractive measurements
combined in one NLO fit

ﬁ

z*gluonfz)

Differential LRG dijet cross

sections in DIS

Reduced cross in diffractive DIS
with rapidity gaps (F,")
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¢+ Diffractive gluon and quark densities well
constrained for 0.05 <z _<0.9
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e Y
U

LIED A

2D L

P2006 Durham 22-26.05.2006 @ =




Diffractive PDFs
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presently b-production cross
section @ HERA reasonably well
described by NLO QCD

H1 and ZEUS measured F
measurement of F ** by H1 +

HERAII data will improve
significantly HERA heavy flavor
measurements
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10 b

e H1 Data

* H1 Data (High Q%
— MRSTO04
| e MRST NNLO
-~ CTEQ6HQ

107 il , o . |
10 102 10°

good agreement between data and
pQCD

could be used as additional
constrain on gluon PDF

c&b produced via BGF-direct access
to gluon
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o Determination @ HER/

S

NLO QCD fit
exp. uncert. LEUS (Eur Phys Jour C 42 (2005) 1)

- NLO QCD fit
""""""""" HL (Eur Phys J C 21 (2001) 33)

b—s—t— Subjet multiplicity in CC DIS

» @ HERA o_ determined in variety if ZEUS (Fur Phiys Jour C 312003} 145
S g Subj et multtplicity in NC DIS
i

ZEUS {Phys Lett B S58(2003) 41)

Jet shapes in NC DIS
ZEUS (Nucl Phys B 700 (2004) 3)

— Mult-Jets in NC DIS
"""""""""" ZEUS (Eur Phys Jour C 44 (2005) 183)

¢+ jet production & jet properties in e Inchuctve Jet erocs sectione In vp

DIS and photoproduction ZEUS (Phys Lett B 560(2003) 7)
—— Inchusive Jet cross sections in WC DILS

¢+ measurements of high precision HL (Eur Phys J C 19 (2001) 289)
== Inchusive Jet cross sectons in WC DIS

""""" £EUS { Phys Lett B 547 (2002) 164)

measurements

¢+ scaling violation

i Dijet cross sectlons in NC DIS

¢+ HERA average in agreement with

world average ZEUS { Phys Lett B 507 (2001) 70)

- HERA average
----------------- {hep-eﬂmu'?'s}

—a— Workd average
{S. Bethke, hep-ex/407021)

» o running established

0.1 0.12 0.14
o, (M)




O ZEUS (prel.) 98-00

ST T d e 0,2?-% QCD -
measured in Breit Frame % (o My =018 2 0003
+ results well described by pQCD i %ﬁ : ]
0.15 - i
LEUS - e
g P s ZEUS (prel.) 98-00 =
) 0 NLO (1=Ef5) 7 I ! ! I ! ! |
38 1950 — NLO(pp=Q) ] 17710 15 20 25 30 35 40 45
g Effz (GeV)
e]

a1 o a (M ) extracted from do/dE_ '** and do/dQ?

280 < QP < 500 Gev:

W

ok o ¢ fit for Q2 > 500 GeV? gives smallest uncertainty:
L 1nn{|:(:otg}z<znnnsev""£ +0.0019 +0.0029 h
el ag(My) = 0.1196 + 0.0011 (stat.) _o ooo5 €XP-) o g0q7 (th-)

P E "™ 1 in agreement with world average, very high precision

0” 3 2 <n§< 15 Qz{)xi?nmevz

TR ; * o running tested with do/dE__J* and do/dQ?

o T N e
5 10 15 20 25 30 35 40 45

Ffi (GeV) ¢+ in agreement with pQCD prediction
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th, uncert,

He4 Inclusive jet cross sections in NC DIS

|

ZEUS prel. {contributed paper to EPS05)
exp. uncert,

8- Inclusive jet cross sections in NC DIS

H1 prel. {contributed paper to EPS05)
¢+ New high precision measurements
of o from jet cross sections (not

— Multi-jets in NC DIS

H1 prel. {contributed paper to EPS05)

included in HERA average yet)

F HERA average
{hep-exA506035)
= — World average

(5. Bethke, hep-ex/0407021)

01 012 014
o, (M,)
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BGF + Hard MPI
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E [ Fourjets (M,>25GeV) -
2 -, el 121 pi5* -
* ZEUS measured 3- and 4-jet B 2- U mrrmae oo -
production in PhP e ERWIG (- diect) -
first 4-jet results from HERA i """"""" |
¢+ multiparton interactions (MPI) i v 3 il
pay significantly role (also at - b 7
LHC) i 1
» MPI can be adjusted to agree - T S—
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x °>*: fraction of y energy that goes into n-jet system
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Searches for New Physics

or Contact Interactlons.
v lIsolated leptons (e, u, )

Leptoquarks and missing p,
Lepton Flavor Violation > Single top limits
Contact Interactions » Multi-leptons events
Extra Dimensions » Double-charged Higgs
Quark Radius limits

Excited Fermions * General search

SUSY in MSSM R, * Magnetic Monopoles
conserving model * Pentaquarks

SUSY in R, violating model in orange topics covered by this talk
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Events with Isolated Leptons anc

igh Missing; p_

I+Pss events at HERA 1994-2004 (e"p, 158 pb™)

DCECS: & 1 m
roduction with lepton decay sz;_ & Hipa
e Ii E [ Signal
10
vz 9 = had. system, p * i
7, ¥, € 4 isolated lepton 1=
vy < missing high p_ :
H1: excess of data events over 10" sl

SM prediction in positron data

(excess not seen in ep!)

® HiData(prelim.) Np,,=28
Ny = 185427

Positrons

30

IIll!I Ll
40 50 60 70 80

PX (GeV) e andp channels

Excess NOT confirmed by ZEUS | Py*>256GeV

comparison difficult -
different phase-space

need all HERAII data

e channel u channel | Combined e & 1
lect 8-05
Electrons, 9 2/24+05| 0/20+03| 2/44+07
121 pb-1
Posit 4-04
ositrons, 9 9/23+04|6/23+04|15/46+08
158 pb-1

puzzle still not solved but might be best chance for discovery...
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T+ P?iss events at HERA 1994-2005 (e p, 278 pb'1)

£ ® H1 Data (prelim.) Npa = 25
S 107 All SM Ngw = 24.3% 4.6
+ in HERA I data ZEUS observes 2 o Signal
events with expectation of 0.2 for 10
pTX > 25 GeV
1 44

¢+ H1 has performed analysis of
combined HERA I+II samples 10"

* only 1l-prong decay, limited 0 range % %
0 10 20 30 40 50 60 70 80 90 100

P’T( | GeV
H1 prelim Observed | SM expectation Signal
94-05 ¢+ few events observed at high
All P 25 24.3+4.6 | 20:04 p.* but statistics limited
P.X > 25 GeV 3 0.74 + 0.15 | 0.43:0.09
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Stop Production

ZEUS

wswamacr MSSM
100 GeV < M, <300 GeV |
=300 GeV < |L < 300 GeV

___________
......
.....
.....

B Excluded in part of SUSY parameters

® Stop produced as resonance in

s-channel via A" ;, coupling

¢+ 3 main decays considered (direct and

gauge)
+ no resonance observed

+ limits set

+ 2 scenarios considered: MSSM and

mSUGRA

¢ excluded scenarios with Mt<260 GeV

X Wichmann H

L .. _ | - L
= ambura U versityv

100 120 140 160 180 200 220 240 260 280

M, (GeV)

ZEUS

ZEUS (prel.) 65 pb™!
MSUGRA:

A3 =03, tanB =6
1L<0,A,=0

ML, =260 (GeV)

M760 < 30 GeV
(Excluded by LEP)

50 100 150 200 250 300
m,(GeV)
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' Summany & Conclusior

+ Measurements from HERA add great deal to our
understanding of QCD which is essential for LHC
physics

* First measurement of polarized CC cross section
consistent with linear dependence predicted by SM

* Parton distributions estimated within single experiment
with uncertainties of a few % over most of x range

» a  determined from scaling violation and jet data with
high precision

* Heavy flavor production shows agreement with QCD; new
precision measurements expected with HERA II data

* Many searches for physics beyond SM ongoing




