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« World's only ep
accelerator and collider

e Operated 1992 - 2007
e pP:460-920 GeV, 110 mA
e e:27.6 GeV,45 mA

« 2 ep collider experiments:

H1 and ZEUS.
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Luminosity collection iUS

Status: 1-July-2007
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H1 and ZEUS each
have collected 0.5 fb™!
of high quality physics
data, balanced in e*
and e".

72% of the luminosity
is from HERA II, with
longitudinally
polarized e* beams.

The detectors have
been operated
successfully and
efficiently, including
all upgrades.
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Polarized e*

e beam acquires transverse polarization by the Sokolov-Ternov
effect (magnetic moment couples to the dipole B field, spin flip
by synchrotron radiation emission).

Spin rotators provide longitudinal polarization at the experiments
(Hermes since 1995, H1 and ZEUS since 2003).

Spin  Polarization typically

Rotator HERMES ~ La5e

M {exists) ) {- LPOL 3 0 - 4 O % .

e Polarization monitored
by Compton
backscattering of laser
beams.

/' Spin Rotator (new)
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Deep inelastic scattering

Neutral current: y or Z exchange

/ “ H1
jet balanced by

> - LAr .
E, 7.2’ (@) e e in E;: good for
proton remnant § X - L calibration.
- P et o ; .
culu;‘ ]> q _igEE R 1 1% Jet energy
reconnectio = - PAPTIALY
TR & ] scale

fragmentation S unCertalnty

Jet above 20 GeV.

T K, p

e (:4-momentum transfer from eto g by boson.
e x=momentum fraction quark/proton.

. s=4E,E =101400 GeV2.

« y= (*/sx=inelasticity = ¥2(1-cos6*) eq cms angle.
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Charged current: W* exchange EUS

C
E?w
L d (%, x, ycan be

- reconstructed from
== the hadronic final
state.

missing transverse
momentum: neutrino

ZEUS
compensating
U-scintillator
calorimeter

D. Pitzl (DESY): Searches at HERA 6 Aspen 14.1.2008



do/dQ? (pb/GeV?)

HERA I

e*p and e p cross sections vs Q*
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L o

Destructive and
constructive yZ
interference in
Neutral Current.

Charged Current:
e u enhanced

e*d suppressed.

Electroweak
unification at Q2 ~

myy2.

A textbook
measurement from

HERA.
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Quark radius limit

ﬁs

H1 Quark Radius Limit HERA I+1I (435 pb™)
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Large extra dimensions?

<<

¢ T~

Limit on the contribution
of graviton exchange in
theories with large extra
dimensions at scale M*,

Destructive or constructive
interference with standard
model:

Mg > 0.9 TeV
M* > 0.88 TeV
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1St generation Leptoquarks?
Mass peak at vxv's ?

Leptoguark Search, HERA 1+11 e
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10°F

=
&
Q i
es_~ ¢ R 10°r
v, Z0 E 10255'
/\ o 10 e
q q —-a-H1 Data {prelim.)
TF —sm 2
-SM Uncertalntjr
100 150 200 250 300 1
M,/ GeV _
Leptoquark Search, HERA 1+l i
=
g 10° H1 1 Se1 )
S 10 3
eV S0  H1(94-07) prelim.
B -H1 (05) prelim.
W > 10 . o
cc =
q/\ qQ 1L~ 1 Data (pretim) x | DO pair pr
=3 1025 s imt
-SM Uncertamty 5 ; Inair. i -
1 | n

100 150 200 250 300

| L T B
M/ GeV 200 250 300 350 400
M, o/ GeV

D. Pitzl (DESY): Searches at HERA 10 Aspen 14.1.2008



Excited electrons?

? VL%(W) Hagiwara model of
\,,qﬂ“":,\\ e (v) gauge mediation:
v, Z0 = T/A U(1) coupling f
’ 7NN . SU(2) coupling f'.
Excited Electron Searches (f = +f)
e*—ey 107
* - = =
e*—eZ,/Z—qq o F
* W. W ' Q [ H1HERA |
e —> v W, — qq :' (120 pb™)
~ 107
= ~

Search for e*, HERA I+11 (V s = 320 GeV, 435 pb™)
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Excited neutrinos?

- Y ,f'f{':: (e)
w pal e” p data used: enhanced charged
= £ current cross section.
p '-'-'-':-\.
Pt '-:. S -
) ] Search for v* HERA I+Il (e'p, 184 pb™)
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Charged current with polarized e+ ﬁs

Charged Current e*p Scattering

E‘IED i 1 1 ] 1 I 1 1 1 1 I 1 1 | 1 | 1 1 1 1 |
— . ep—vX |
s [ o H12005 (prel) | ° Standard model:
© 100} C H1 98-99 —
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i A ZEUS 98-99 T ,
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Polarisation Pe
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Multi-leptons

example: tri-lepton mass spectra:
H1 Multi-lepton analysis HERA I+II (459 pb~!)
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L2 't':q et
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L
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Multi-electrons

"

Tri-electrons, HERA I+1l (e'p, 0.56 b’}
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High p, leptons and missing p,

Missing momentum Standard model.
pt-mi/ W production, ~1 pb.
L ) but: expect small P.*
. . . -«'3/' '._". ‘
iy - .
es;< : Isolated high p; e or u
l+P™ events at HERA KII (e'p, 294 pb™) q W \ -
3 N e, |
cC o @® H1Data (prelim.) Np,,=41
0 107 == AlsSM N, =34.5+4.38
L . [ 1 Signal
10F in e*p,
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2 9+1.5 expected: 3.0 0.
10'1_||||||||||| ol oo b brraa by gl
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High p, leptons and missing p,

H1 and ZEUS combined in a common phase space:

ﬁs

e, + P:‘“ events at HERA I+ (e*p, 0.58 fb™) e, + P:“ﬁ events at HERA I+l (e*p, 0.97 fb™)
Z ® H1+ZEUS Data (prelim.) 2 [ @ H1+ZEUS Data (prelim.)
§102 - All SM r:ulnm—::;H 6.4 § [ - Al SM ::Dm—zgz?ﬂnz
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: + X .
in e*p, for P,”> 25 GeV: all ep, for P.*> 25 GeV:
H1 and ZEUS combined H1 and ZEUS combined
see 23 events for 15+2 see 29 events for 25+3
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Anomalous
top couplings

11

10"

H1 has most stringent limit

on t-u-y coupling.
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General search with high p, objects
e u,y,jets, v with p, > 20 GeV

Events Events
-2 1 10 2 3 4 b
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_ ey E 1
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id E i E 3
edi E } eej
1-1 e-e-g
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o 4 hiv ]
miv £ + = largest eiy E B
v E 4t e H1 Data (prelim.) . . JvY ] . ata {prelim.
e E 3 | ﬂuptuatmn. o E 4 J= m
e |F = p-]et-y. J9d-v £ =3 R
iy B j4Hd E
i i iidiv B
iddd E =

g -1
H1 General Search, HERA le'p (178 pb™) H1 General Search, HERA Il ep (159 pb7)

All channels described by Standard Model physics.

D. Pitzl (DESY): Searches at HERA 19 Aspen 14.1.2008



Search for largest deviation
in mass spectra in each class,
calculate P-values.

H1 General Search, HERA |l e"p (178 pb"] - Ma” Distributions
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General search with high p, objects

H1 General Search, HERA Il e'p (159 pb™
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Summary ﬁ

« HERA ep beams ended on June 30, 2007, after 15 years of
successful operation.

* Each collider experiment has collected close to 0.5 fb™! of
high quality data with precision detectors.

« A comprehensive search for new physics phenomena
using all data and combining H1 and ZEUS is underway.

« Preliminary results show no significant deviation from
the standard model.
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High p, leptons and missing p,

H1 and ZEUS combined in a common phase space:

ﬁs

1994-2007 e p
0.58 fb—!
1998-2006 ¢~ p

(.39 fb—1

HI1+ZEUS Preliminary
[+ P35S events at

HERA I+I1

Full Sample

Electron
obs./exp.

(Signal contribution)

39/41.3 £5.0(70%)

Muon
obs./exp.

(Signal contribution)

18/ 11.8 £ 1.6 (85%)

Combined
obs./exp.

(Signal contribution)

ST/53.1 £64(73%)

Full Sample

12/7.4 4+ 1.0(78%)

25/31.6 £4.1(63%)

11/7.2 4+ 1O(85%)

5/8.0+£ 11 (86%)

23/14.6 £1.9(81%)

30/39.6 £5.0(68%)

P = 25 GeV

476,01+ 0.8(67%)

2048 £0.7(87%)

6/10.6 4+ 1.4(76%)

1994-2007 e<p

0.97 fh—!

Full Sample

64/72.9 £ 8.9 (67%)

23/19.9 + 2.6 (85%)

8T/92.7+£11.2(71%)

16/13.3 + 1.7(73%)

13/12.0+ 1.6 (86%)

297253+ 3.2 (79%)
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Multi-electrons

H1 and ZEUS combined
in common phase space

HI1+ZEUS Multi-electron analysis HERA I+II (preliminary)

."11..{12 =100 GeV
Selection || Data SM Pair Production | NC-DIS + Compton
e*pcollisions (0.56 fb—1)
2e 4 .97 £0.22 [.10 4+ 0.21 0.87 £ 0.18
je 4 [.10 £ 0.12 .10 += 0.12 —
e~ p collisions (0.38 fb=1)
2e I .44 +0.15 0.77 £ 0.10 0.67 +0.12
e 0 | 075+ 0.08 0.75 £ 0.08 —
e~ collisions (0.94 fb—1)
2e 8] 341 £+ 0.37 .87 4+ 0.25 .54 4+ 0.29
3e 1 .85 £ 0.24 .85 4+ 0.24 —
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From HERA to LHC kinematics

ol L B L B L I L DL L B L L B L L
Elﬂ B 1 Atlas and CMS . _ Q ~ M
Dr“ [0 Atlam and CMS rapidity plateau .zf 1II'::
Dlﬂ? B D0 Contral+Fwd. Jets e

COF /D0 Central Jets

Collision of partons:
XIP — X2P

H1

JENBEDE
:

? QCD evolution

—
'|-|T|'|'|'|_'T_|_|_|'|'|T|'| T T T IIIII|T| ILLLLLL IIIII|T| T IIII|T|| T IIIII|T| T IIIII|T| T IIIII|T| TTT

. e (DGLAP equation).

li[fl2 H_:;-;ﬂ -4 “2 ‘? '.iil :::i;: I__'__:__'_'_I_!____LI xl, ) — M/\/E . eXp (iy)

) ! \\\ HERA covers the x-range for
. m””“mu|||||||llii||||||||||||||||||||||||||||||I“"nﬂ]ﬂ j central production at the LHC.

X
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Proton structure function F,
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Measured with few %
precision in the bulk
region.

Scaling violation:

- Rising F2 at low x due to
gluon splitting.

- Falling F2 at highest x
due to gluon radiation.

QCD analysis in terms of
parton densities gives good
description.
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Parton densities

H1 and ZEUS partons:

- Xg(=0,05)

09 - E=—— H1 PDF 2000

0.8 \ B 7EUS-S PDF

- Q=10 GeV?

Differences due to data selection,

heavy quark treatment and
parametrization ansatz.
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QCD evolution reduces
the error band:

Q*=1000 GeV?

E=—— Hl PDFz0M0

ZEUS-S PDF

xD
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From HERAF, to the Higgs at LHC

Higgs—strahlung Vector boson fusion

c universal i et v
H
& parton densities: W e
< E, 1.2 prer ! " ! q
407 ‘ : | :Ewn | gluon—gluon fusion in associated with QQ

L ti | 4
HERAF, 1.0 3”1!:*’ -. 9 TOOO——— @
) x=6.32E-5 |4 000102 3 ariconn ' ]
= I 0000161 E= ZEUS NLO QCD fit sfrange ®----- H
& I —— H1PDF 2000 fit charm \ 5
e/ ' 0.8 - - 1 9 TO—— Q
£ ' gluon \
B St = H194-00 |
4+ H1 {preL) 9940 Py
= ZEUS 96897 NO_ 06 4
a BODMS a3 . . .
) = calculate Higgs production:
0.4 1 100 F T 3
3 o(gg — H) [pb] ;
V5 =14 TeV
3 - 02 4
MRST — A
CTEQ
 MRST2001 _ N 1 s Alebhin s
Q*=10 GeV? T T 10 3
0.0 5 . "
2 10° 10° 107 10°
X
1.1
1k 1.05
1 I o
- 0.95
0.9
0 | ' ronl ' vl ' | | Ol M N . M N N g g "
1 10 10° 10’ 10? 1 100 1000
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Structure function F, Up to 10% uncertainty
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Polarization in neutral currents

2 Ji(PR) _Ui(PL)

AF = -
PR_PL {Ti(PR) ‘|‘Ui(1DL)

1
-
08 [ E « Asymmetry due to
oL H1+ZEUS Combined (prel.) . . . . .
06 F Data2003-2005 : parity violation in
04 b et yZ interference
' L S .
02 [ + %ﬂ* ” observed at high
D B4 o I i Q¢ for the first
0.2 3 | *‘* *‘LU* + ' _ time.
B I Y O
4T . 3 | « 2006/07 data to be
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Z couplings to u and d quarks
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e Couplings of u and d quarks to the Z boson extracted.
« Better precision than Tevatron (CDF).
« No sign ambiguity as at LEP.

e More data to be included.
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