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e World's only ep
accelerator and collider

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

e 2 ep collider experiments:

H1 and ZEUS.
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Days of running

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 successtully and
efficiently, including all
upgrades.
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Deep inelastic scattering

Neutral current: y or Z exchange

/e H1

> o .e‘ _ LAT  jet balanced by the
L (Q ..
. e electron: good
proton remnant (X = calibration.

recunflilc{gﬂ'> q . ‘--' ‘ L T h{h o 1% Jet ehersy scale

i i i uncertainty above
fragmentation 20 GeV
Jet
T, K,p

e (:4-momentum transfer from eto g by the boson.

e x=momentum fraction of the quark in the proton.
¢ Vs=318 GeV.
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Charged current: W* exchange EUS

C
E?w
L d (* and x can be

- reconstructed from
== the hadronic final
state.

missing transverse
momentum: neutrino

ZEUS
compensating
U-scintillator
calorimeter
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e*p and e p cross sections vs @ iUS

Destructive (et) and
constructive (e-) yZ
interference in
Neutral Current.

Well described over 6
orders of magnitude.
Charged Current:

e u enhanced

e*d suppressed.

Electroweak
unification at Q2 ~

my2.
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Quark radius limit
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H1 Quark Radius Limit HERA I+1I (435 pb™)
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Large extra dimensions?

Arkani et al.:
n extra dimensions

10

compactified in R". g |

N

Scale: M<*"=M%,/8m R" 2

S~ |

S .
332 G,G,G, .

&
005
M\

Graviton exchange with

coupling ~+1/Mg” interferes 2
with the standard model.
Limit from a fit to e*p and i

ep data: Mg > 0.94 TeV
(R <500 fm for n = 6).
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Large Extra Dimensions Limits (prel.)
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Contact interactions

= «,B = L,R helicities

parity conservation: N; ; +N;p="Np; + Ngg

Tevatron
C‘I_Z fﬁu’ e, }} € )(qlﬁy qlﬁ)

ed ed cd e e U e

ed
Model e "lcr ""re ""er "o "ok "IRr "IRE
wW o +n +n +ny +n +n +n +n +n
AA -+ —n =m0+ = —n

At HERA:

D. Pitzl (DESY): Searches at HERA 9 ISMD Gomel 8.9.2009



10

N/No

10
e [
=
= I
E -1
z n
0.9

Contact interactions

Contact Interactions Limits {prel.)

W1 T T T @ ZEUS {prel.)e*p 0.25 b’
1 — W A =80TeV

10° 10"

-
-

Contact Interactions Limits (prel.)

] T T TTTT e ZEUS ep 0.19 0" .
| - AA A z7.0TeV ]
""" AA A =67TeV |

3 4
10 10

D. Pitzl (DESY): Searches at HERA

94-06 (prel.) e'p
< -1/A° best fit value

—— allowed +1/A° range

94-07 (prel.) e'p
¢ +1/A% best fit value

AT (TeV)
e

6.7
41

5.0
Y
68
e
63
 as
59
e
. 83
e
o
o
5.2

49

4.6

ISMD Gomel 8.9.2009



=XS ¢

Q

Leptoquark Search, HERA I+l
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Leptoquark Search, HERA I+l (449 pb)

15t generation Leptoquarks?
Peak at MzL

LQ
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S, (eu,vd)
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(k=1,2)
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Rp-violating SUSY hat HERA?

_ 3B+ L+2S
RP o <_ 1) €+ | e
SUSY with R-parity violation: NN e
resonant squark production at HERA? { g

Many decay channels searched: direct or via
cascades with neutralinos and charginos.

Search for Squarks in R, SUSY at HERA (ep 183 pb7)

Search for Squarks in R, SUSY at HERA (e"p 255 pb™)
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Hagiwara et al. model:
U(1) coupling {

Excited electrons?

Channel Data SM Signal Elficiency [%]
e*—ev (ela.) 42 45 + 4 O0—70
e*—e~y (inel.) 65 65 1+ 8 60—70
e*—vW —rqq 129 133 4 32 2055
e*—rW —ver _ _ (510

e*—el —epy : A= 35

et —el—eqq 286 277 + 62 20—55
e*—el—ecee 0 0.72 4= 0.06 GO

et —el—euu 0 0.52 4= 0.05 4015

Search for e* at HERA (475 pb"]

107
° 1 } :
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Excited neutrinos?

. - Channel Data SM Signal Efficiency [%]
Y, v v — 1 7 123+30 50-55
fj 45 4Z (W) v*—eW —eqq 220 223 £+ 47 40-65
—W 5 v*—eW —evpu 0 040+£0.05 35
p c: v*—eW —eve 0 U7 =01 45
(= v'—vZ—vqg 89 95+ 21 25-55
' B v*—vZ—vee 0  0.19+0.05 45

e p data used:
enhanced charged
current cross section.

Search for v* at HERA (e'p, 184 pb™)
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Search for v* at HERA (e'p, 184 pb™)
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Charged Current e*p Scattering
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Charged current with polarized e+ ﬁs

Standard model:
o =(1%P,)- o,
Extrapolation to P, = £1:

o consistent with zero.

Direct limit on right-
handed W:

M(W,) > 208 GeV.

Tevatron:

M(Wg) > 790 GeV.
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HERA Multi-leptons iUS

E
ﬂ = E+p ® H1+ZEUS (0.56 fb'")
D 10°E sM
> E- ' SM Pair Prod.
L -

[=eor U. E O P -;--;}'Jt

H1 and ZEUS combined e A ey

in common phase space. L Py [GeV]

Rate well described by the £ Ferp - mz=0sose)
o) = |

Standard model below 100 GeV. & . 7] 8M Pair Prod

//////////////
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,,,,,,,,,,,,
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For 2Pt > 100 GeV:
e*p: 7 for 1.9 expected (2.60)

€ p: 0 for 1.2 expeCte(L 1072 g e o
> P, [GeV]
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High p, leptons and missing p,

Standard model:

Missing momentum
. / W production, ~1 pb.

but: expect small P.*

|~ Hadronic system X
R CAND ¢

Isolated high p; e or u

e, + P:“‘“ events at HERA (e*p, 291 pb™)

W C
t I ® Hi Data
E -H1 m— Al SM
w10° E_ Signal
‘o g in e*p,
—$- for P.*> 25 GeV:
1 ; H1 sees 17 events for
' 7 8+1.3 expected: 2.4 0.
0 10 20 30 40 50 60 70 80 90 100
PX [GeV]
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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™)
'E ® H1+ZEUS Data (prelim.) N, = 57 "E E o H1+ZEUS Data (prelim.) N, =87
Sqez = AlsM N, = 53.1+ 6.4 S - Al SM N =927+ 11.2
Ll 2] Signal SM T S TS w102 E—|:|Sig|nal smT EET T
o g 10— — g
g ¢ T
| = : 4 e £
Y = 1L ' =
10701020 30 40 50 60 70 80 90 100 10709020 30 40 50 60 70 80 90 100
PX (GeV) PT (GeV)
: + X .
in e*p, for P> 25 GeV: all ep, for P.*> 25 GeV:
HI and ZEUS combined H1 and ZEUS combined
see 23 events for 15+2 see 29 events for 26+3
expected: 1.8 o. expected.
18 ISMD Gomel 8.9.2009
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Anomalous top production? ius

Vo b Single top at HERA: ~1 1b.
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HERA has the most stringent
limits on t-u-y coupling.
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General search with high p, objects

H1 General Search at HERA (e*p, 285 pb™ H_1 General Search at HERA (e'p, 178 pb™)
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General search with high p, objects

H1 General Search at HERA (e p, 178 ph'“}

Mass window scan in each class, g 102 M. Scan  ® HiData
. L. @ —— MC Experiments
search for maximum deviation, o 10 H1
T 3 g-e-g
calculate P-value w.r.t. SM. 2 4L 4 c
w 1F (c)
Distribution of 41 P-values as "g o'k
. 2 3
expected from MC experiments. E "'EE' —I_'_i
. . . . Z
Largest deviation in multi-electrons: e
|ﬂgm P
10 e - e H1 General Search at HERA (e'p, 285 pb™)
E. 107 - M. Scan ® H1 Data
® = —— MC Experiments
C 10
1 [= % e-e H1
S 4L 4
o 1 E (e)
5 =
-1 f: 107 LI_‘_'_|_L
10 - —|__I_
c mi’E
0 100 200 300 X S R S R B R
M_ [GeV] fog,, P
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Summary E

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

e 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 being
completed and published.

« Overall, no significant deviation from the standard
model was found.

« For several channels and signatures the most stringent
limits for new physics come from HERA.
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Backup
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Excited Fermions

Gauge mediated interactions of excited fermions:

E‘-I}J{E} U{\i—i SU(8)
1 —_— T @ a ‘}{ hﬂ a X - ¥ i
L = —FxgHW —-—W, , +g f— B, +9. - —6, |k F'(”*E)
&M A r % gt > puv T 9 > pv T 92 To > —uv | T Lk \ & T
scale of the weight factors parametrizing different K. Hagiwara et al.
substructure scales for the 3 gauge groups ZfP C29(1985)115
O ff*Y vertex O ff*Z vertex O ff*W vertex
£* f c fx f ¢ f* f Cwtr= 24": ind
/ e /- $#%7 sinBy,
v Z W‘\\ Crerw
Cﬂ,,rff* = _(.FI - f _] foﬂ- = —(fI CGTG - f—Tﬂﬂew)
I,: third isospin component
1
S — Z(‘f — ) =0|p=¢ Y: hypercharge ( 1 for £*)

1 B.,: Weinberg angle
C‘Yee* — _l(f + f’) = U|f=—f’ v 7419
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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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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)
HI

f
|

HEEA RING

v Spin Rotator (new)
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From HERA to LHC kinematics

NE E II;;I”:E]—I T ||||E|L|| T TTTTm T TTTTM T TTTTm T TTTTM LR Proton—proton COlliSionS:
10 am and CHMS _

brh [ &aAtlasms and CMS rapidity plateau ﬂ;fﬁ"{:

D‘m? B D0 Centralt+Fwd. Jats

COF /D0 Central Jets

i E E
T 1 2

108 H1
I FACANE:] :
10° s=4 El E2
A _ 2
mm S=X; X, $= M-~
=
10° M? = Qz'
]_DE - 7 :Iilii ey xl’ 9 — M/\/E : eXp(iy)
M= 10 Gev RTTHIL

HERA Rapidity y.

unknown I|||HHHHH|||||||
,.||I||||

1 HERA covers the x-range

'—l
]
=
IIIIII| 1 IIIII|T| I IIIIIII| 1 IIIII|T| I IIIIIIII I IIIII|T| I IIII|T|| I IIIII|T| 1 IIIII|T| I IIIII|T| [

A Fi _ .
10 L ,..u"""”””“”““H”””|||||||”””” t:r(;gt _ fOI' Central pIOdUCthn Of
LT T g g g g 2 heavy particles at the LHC.
QCD evolution ?
(DGLAP equation).
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