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Collider and Experiments
Overview

o Collider and Experiments
@ HERA
@ ep Physics
@ H1 and ZEUS
@ BSM Searches at HERA
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HERA ep Collider

27.5 GeV 920 GeV

¢35 P

V/s'= 318 GeV

@ World's only ep collider, located at
DESY Hamburg

E il @ 6.3km circumference
%”’ 2! e @ Two ep collision experiments: H1 and
5| ZEUS
2l @ Operated 1992-2007, upgrade in
£l 2000,/01

ol — luminosity, detectors

oLz @ Almost 0.5 fb™! /experiment

f | | | ! L
0 200 400 600 800 1000 1200 1400
days of running
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ep Physics: Deep Inelastic Scattering (DIS)

Dominant process at high transverse momentum (sensitive to new physics): J

+ € Ve i i
ewe/ Ve virtuality of exchanged boson: Q? = —¢?
Y ZW fractional e-energy loss: y = ap
q | ’Y, ) gy - y - k ' P
) zP / :
» P.M q ) r(irgm)ri\)nt p-momentum fraction carried by quark: x = 2yME

€: /;_-: = B
P remnalg av :
p remnant.
P '

neutral current (NC), Q% = 41000 GeV? charged current (CC), Q% = 16400 GeV?
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H1 ZEUS

Goal: Idenditify and measure e, y, jets, v, pipiss ]

e — —p
Liquid Argon Calorimeter Uranium-Scintillator Calorimeter
optimised for scattered lepton optimized for hadronic final state

LISHEP 2009 Christian Blohm Searches For New Physics at HERA
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Beyond the Standard Model Searches at HERA

@ NC: quark radius, contact interactions, extra dimensions

@ CC: polarisation dependence

Model-Independent Searches Model-Based Searches

@ Isolated leptons, missing pt @ Leptoquarks, LFV

@ High-pr multileptons @ Excited leptons

@ General searches @ Single top production
@ SUSY
@ Magnetic monopoles

LISHEP 2009 Christian Blohm Searches For New Physics at HERA
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Inclusive DIS

Overview

© Inclusive DIS

High @2 Cross Sections

@ Polarisation Dependence of Charged Current Cross Sections
@ Quark Structure
°
°

Contact Interactions
Extra Dimensions
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High @ Cross Sections

HERA Il

do 5
—— X propagator

dQ?

% H1e'p NC 03-04 (prel.)
A H1e’p NC 2005 (prel.)
O ZEUS e'p NC 2004
© ZEUS e'p NC 04-05 (prel.) 5

----- SM e'p NC (CTEQEM)

—— SMe’p NC (CTEQ6M)

do/dQ? (pb/GeV?)

@ -y propagator < é

@ W propagator o

1
o S
* H1e'pCC03-04 (prel) O N5, My +Q
4 H1ep CC 2005 (prel.) 0696 N
= ZEUSe'p CC 2004
o ZEUS e'p CC 04-05 (prel.)

- SMe'p CC (CTEQ6M)

—— SMe’p CC (CTEQ6M)

10
@ NC: vZ0 interference

@ For high Q? cross sections get
similar
— Electroweak unification

10

E y<09
E P,=0

10°

107
@ Excellent agreement with SM,

@ NC: v/Z° exchange new physics would cause
e . 5
o CC: W* exchange deviations at high Q

LISHEP 2009 Christian Blohm Searches For New Physics at HERA
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Polarised e*

@ Transvere polarisation of e* beam by
Sokolov-Ternov effect — -
— No effect on physics

®
oy

®
oy

@ Longitudinal polarisation by spin S A
rotators at the experiments B s oo ]
z T ]
@ Polarisation typically 30% — 40% E: ]
£ L ]
= L 4
H H H - L 4
@ Monitoring by compton backscattering o ]
of laser beams ; ]
o 1
\ Rar s - a4 ]
- ~m i 1
/Wu \ 2 B
( HERA RING ‘ 0-1 -0.8-0.6-0.4-0.2 -0 0.2 0.4 0.6 0.8 1
A »/ P,
" p. — Ne=N,
- L 777;7 2 e € ™ Nr+N_
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Polarisation Dependence of CC Cross Sections

ZEUS ‘
L A e
140 ZEUS CC (prel.) ep (122.0 pb")
ZEUS CC (prel.) e'p (138.2 pb™)
120 ZEUS CC (P =0) ¢p (16.4 pb™)

gup . i
= I = ]
« C ° |
E r m ZEUS CC (P::O) ¢p(60.9pbY)
= 100 — SM (ZEUS-JETS)
g C — SM (MRST2004) ]
A gl *- SM(CTEQED) 4 @ Total cross sections for
o
@ charged current DIS
3 - 7 :
% oor ] should c.iepe.nd linearly
wb E on longitudinal
[ b polarisation, going to
20~ j zero for Pe+ = —1 and
Py Ll Ll Ll AN Pe- =1
-1 -0.5 0 0.5 1

@ No deviation from
Standard Model found

ol
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Quark (Sub)Structure

Finite quark size R, (RMS of electroweak charge distribution)
= NC cross section modified by form factor:

2
do  doM Rz
dQ? dQ? 6
H1 Quark Radius Limit HERA I+Il (435 pb™)

Q12 [
) s 0 I
A = -
‘jg 08 [ == Normalisation Uncertainty j\‘\ =2 — Ratio NC to SM
5 PDF Uncertainty

—— R,=0.7410"°m (95% CL)

‘ : 95% CL limits:

0.6 [

P Lep
“ A . ZEUS R, < 0.67-10"'8m
T H1 R, <0.74-10"®m
06 [ H1 Preliminary
= o Quarks radius < 155 proton radius
Q? (GeV?)

LISHEP 2009 Christian Blohm Searches For New Physics at HERA 11
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Contact Interactions

Some new interactions at higher scale A > /s can be effectively
described as low-energy 4-fermion contact interactions with coupling
n o< £A72,

History: Fermi's 4-fermion coupling (1 o< gr 5—;) later: W boson

e LEP e Examples:

@ Exchange of extra gauge bosons

HERA @ Exchange of leptoquarks or squarks

@ Compositeness

@ Gravitational effects from extra
dimensions

Different helicity and flavour structures in the Lagrangian

La= Y, Y 125(c7"ea)(@s7498)

a,B8=L,R g=u,d

LISHEP 2009 Christian Blohm Searches For New Physics at HERA 12
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Contact Interactions
Limits for 19 Different Coupling Structures

ZEUS TLL NLR TIRL TRR
94-00 e'p 94-06 (prel.) e'p \A% +n +n +n +n
O -1/A% best fit value © +1/A2 best fit value AA +n -n —-n +n
—— allowed +1/A% range
A (Tev) A* (Tev)
VV | 80 o'l 6.3 ZEUS
AA | 67 > 6.1 wfey : o 'ZEUS 92-04 'p B
VA | 32 fncomn awamil 35 g — W A =80TeV
X1 | a9 = 47 £ A - W A*=63TeV
X2 | 55 e a7 H
X3 | 66 e 53
X4 | 54 == 49 1
X5 | 55 ol 45
X6 | 38 >~ 46 i .
U1l |58 i 54 10° 10 o (Gev?)
u2 |65 e 53 : :
10 | 1.2 o ZE -( rel.) ey =
b | oo ES i ] e
Us 65 :g: 50 ZE ----- AA  A'=6.1TeV
Us | 41 - 54 ey o
LL |47 —e— 42 , . ) .
LR | 20 e 37 =
RL | 22 — 36 Contact Interactions Limits (prel.) ﬁ\
RR |45 =% 37 - w 2 (cey?
04 -0.2 0 0.2 0.4 @ (GeV)

e o) ZEUS (94-06) A = 2.0 — 8.0 TeV
H1 (94-00) A =1.6-5.5TeV

LISHEP 2009 Christian Blohm Searches For New Physics at HERA 13
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Extra Dimensions

ZEUS
w0 E e o 'ZEUS 94-04 &'p J
a — Mg=0.9TeV ]
8 1
g --- Mg=0.88TeV 1
z ]
4

Q? (GeV?)

o 'ZEUS 98-06 (prel.) o p

B
T
o

N/Ncreasp

Large Extra Dimensions Limits (prel.)
1 1

3 4
10 10 @ @ev?)

Model-Based Searches Summary
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Arkani-Hamed-Dimopoulos-
Dvali: D=4+ n
dimensions

Extra dimensions
compactified to radius R

Usual Planck scale M, only
effective scale arising from
the fundamental Planck
scale, M2 o R"MZ*+"

Gravity comparable to
other interactions

ne = A/ Mg,
(coupling A =~ +1)

95% CL limit:
Mss > 0.9 TeV

LISHEP 2009 Christian Blohm Searches For New Physics at HERA 14
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Summary
Model-Independent Searches
Overview

e Model-Independent Searches
@ |solated Leptons
@ Multi-Leptons
@ General Search

LISHEP 2009 Christian Blohm Searches For New Physics at HERA
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Isolated Leptons and Missing pr

@ Reminder: in DIS either isolated lepton or missing pr

@ Events with isolated high energetic leptons and missing transverse
momentum are very rare

@ Main SM source: Single W production (¢ ~ 1.3pb)

Excess at high hadronic transverse
momentum p¥ — new physics?

LISHEP 2009 Christian Blohm Searches For New Physics at HERA 16
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0000000

Model-Independent Searches
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Isolated Leptons and Missing pr

H1 Excess

Model-Based Searches
0000000000000

Summary
o

H1 saw excess at high transverse momentum p¥ in e*p, nothing in e p:

H1 HERA-I
z 2 [ Combined Electron and Muon
5 10 ?Ndala =18
é F Noy = 124417
10 =
DLt
a1 kK
10
2 K
10 1 I 1 I
0 20 40 60
P}/ GeV
p¥ > 25GeV:

Observed: 10

Expected:

LISHEP 2009

2.92+£0.49

Christian Blohm

H1 all HERA

e+ P'T"'S’ events at HERA (e*p, 291 pb™)

Events

H1

® H1Data
== AllsM

Signal

1
0 10 20 30 40 50 60 70 80 90 100

PX [GeV]

pX > 25GeV:

Observed:
Expected:

Searches For New P!

17
80+13
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Isolated Leptons and Missing pr
H1 and ZEUS Combined

ZEUS never saw this excess
No excess in e™ p either

H1 and ZEUS have made a
combined analysis based on a
common phase space

Combination of H1 and ZEUS
data eliminates excess
— statistical fluctuation(?)

production cross section:

ZEUS
H1

1.240.2pb
0.89t%"222 (stat.) £ 0.10(syst.) pb
1.23 + 0.25(stat.) = 0.22(syst.) pb

LISHEP 2009

Christian Blohm

Events

2

107

Model-Based Searches
0000000000000

e, + P;"iss events at HERA I+ll (e*p, 0.58 fb™)

| == AllSM
E Signal

[ @ H1+ZEUS Data (prelim.) N
Data

=57

N, =53.1% 6.4

Summary
o

HERA Exotics Working Group

10757020 30 40 50 60 70 80 90 100

pX > 25GeV:
Observed:
Expected:

23
146+1.9

Searches For New Physics at HERA

PX (GeV)
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Isolated Taus and Missing pt
ZEUS Excess

ZEUS saw excess at high transverse momentum p% in e*p:

Summary
o

P ‘ 2 FH1 Nez6 D)
] [ D> 0.95 - g I N, 9.9 £3.0
a 1 3 W

10_‘ ;7 ....... i 7;

10% L 7

10° 5 20 40 60 80 100

P™ (GeV)

ZEUS HERA-I data: H1 full HERA data:
Observed: 3 Observed: 6
Expected: 0.40 £+ 0.13 Expected: 9.9£3.0

ZEUS analysis of full HERA data ongoing.

LISHEP 2009 Christian Blohm Searches For New Physics at HERA
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High-pr Multi-Leptons

@ Main mechanism: Bethe-Heitler
(vy —efeT)
— precisely calculable in QED

@ Steep fall-off with pr
Deviations could hint to new physics

l+
@ Search for events with at least 2
isolated high-pt leptons

@ Topologies: ee, eee, eu, i, epp b X

LISHEP 2009 Christian Blohm Searches For New Physics at HERA
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High-pr Multi-Leptons

Multi-Electrons H1 and ZEUS Combined

Multi-electrons, HERA I+l (e*p, 0.56 fb") Multi-electrons, HERA I+l1 (e'p, 0.38 fb")
.2 F 2e + 3e H1+ZEUS (common phase space) ﬂ F 2e + 3e H1+ZEUS (common phase space)
[= 1% @ Data (prelim.) c 10°F e Data (prelim.)
[ E (9] E
> F B sm > N7 == sm
w 102 r [77) sM Signal w 100 7 7] sM Signal

HERA Exotics Working Group

R

3

B

HERA Exotics Working Group
\\“'

107 107E
3640 60 80 100 120 140 160 180 0 20 40 60 80 1oo 120 140 160 180
L P; [GeV] X P; [GeV]
No significant excess in combination.
> pr > 100 GeV: > pr > 100 GeV:
Observed: 5 Observed: 1
Expected: 1.82+0.21 Expected: 1.194+0.14

LISHEP 2009 Christian Blohm Searches For New Physics at HERA
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General Search

Method
H1 General Search at HERA (e'p, 285 pb™) H1 General Search at HERA (e'p, 178 pb™)
: qE : >
2 ) ME 2 ,
@ Look for objects = ~E =1
. > e B =]
(e, i, 7, jet, v) . HE =—
with p1 > 20 GeV * = !
i - %F‘
@ Count events in * HE >
. . x E—“— wH E—23
distinct event HE—= > = >
classes 5 -
- |
@ Compare to SM .
]+
@ No significant =
. : —
deviations :
. — = E 3o
(largest in ee) il —
- 'fz H1 H1
@ Excellent § - ® HiData E > ® HiData
understanding of ’ % T \_,ff“ ‘ % \_,f i
IIIIJ 1111 110 1110 IIIIJ IIIIJ IIIIJ 1111 1111 110 NI I IIIIJ IIIJ IIIJ 110
HERA data 102107 1 10 102 10° 10* 10° 102107 1 10 10% 10° 10° 10°

Events Events
LISHEP 2009 Christian Blohm Searches For New Physics at HERA
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General Search

Distributions and Significance

H1 General Search at HERA (¢, 463 pb’) - P, Distrib

Edaddn’

.

N
i |
M:ﬂ
i

B! i
I
1
]

o
Dy
{h |
1
he

Tecloe

Model-Independent Searches

O000000e

H1 General Search at HERA (¢p, 463 pb”) - M, Distributions

BELFEF

"M leeV

@ Mass and ) pr distributions
— statistical search algorithm
— region of greates deviation (e-€)

— significance?

— quantify as probability

@ Probability for the given number of

event classes with deviations: 12%

LISHEP 2009

Model-Based Searches Summary
0000000000000 o
10F
1F
10

-
=)
R

-
o

Number of Event Classes

100 200 300
M_, [GeV]
H1 General Search at HERA (e*p, 285 pb™)
E Man Scan ® HiData
E —— MC Experiments
H1

4?7 e-e

Christian Blohm Searches For New Physics at HERA
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Model-Based Searches
Overview

@ Model-Based Searches
@ Leptoquarks
@ Excited Leptons and Quarks
@ Single Top
@ R-Parity Violating SUSY
@ Magnetic Monopoles

LISHEP 2009 Christian Blohm Searches For New Physics at HERA

24



Collider and Experiments Inclusive DIS Model-Independent Searches Model-Based Searches Summary

0000

0000000 00000000 @000000000000 o

Leptoquarks: The Buchmuller-Ruckl-Wyler Model

LISHEP 2009

Scalar or vector color triplet bosons

Fermion number F =L +3B =0,2

Valence quarks in p: F = 0(2) production preferred for e p(e™p)
SM symmetries conserved

Flavour diagonal (no FCNC)

7 scalar and 7 vector leptoquarks couple to e, q or erq

4 of these leptoquarks couple also to vq

Resonant production in s channel or interaction in u channel
@ Contact interaction

ev © &Y description at high masses
,LQ,\ Lo @ Single events indistinguishable
. ‘ from NC/CC
q q
Parameters
D q
Coupling A\, mass M,

Christian Blohm Searches For New Physics at HERA
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Leptoquarks

Inclusive DIS
0000000

Model-Independent Searches

00000000

1% Generation, No Lepton Flavour Violation

NC channel
e jet
iz
€,
CC channel .
pl;_]iSS'jet q
D

Resonant production only for Mg = x+/s J

LISHEP 2009

Events / 20 GeV

Events / 20 GeV

10
10?
10

10°
10?

10

Model-Based Searches
0800000000000 o

Leptoquark Search, HERA I+l

H1

e'p (449 pb™)

w

NC
F +H1 Data (prelim.)
—SM

SM Uncertainty

100 150 200 250 300

M,/ GeV
Leptoquark Search, HERA I+l
H1
;, e°p (428 pb™)
Fcc
1L -~ H1 Data (prelim.)
E—SMm

SM Uncertainty

100 150 200 250 300
M.,/ GeV

Christian Blohm Searches For New Physics at HERA

Summary
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Leptoquarks

Limits
Heavy leptoquarks: contact interaction
(only sensitive to Myq/A)

@ No deviation from Standard

ZEUS
b2 . .‘ZEU594-D4e‘p - Model found
L gt N 3 .
N S X ) Sia WA087TeV — limits on Myg/A
ZZ L Coo%——1  --- Vi, M/A=0.45TeV, -]
> 08 L 5 ol ’ i Leptoquark Search, HERA I+1l (449 pb™)
10 10
, oo-s b
Limits on Heavy Leptoquarks (prel.) ] = ZEUS prelim. CI
Ll L L Lol L L L T F .
3 4 SipL(e7d)

° * 0 (GeV?) ) H1 prefim single LG
102, o ZEUS 98-06 (prely ep 4 X H1(94-00) single LQ
8 i 1 - Vi ma=208Tev 1 00 pair prod
g 1 = S MA=0.73 Tev ] OPAL indir. limit

z r ] £ \ | |
= 08 1‘03 200 250 300 350 400
M, o/ GeV
Q
1 - o = =
Lfmits on Heavy Leptoquarks (prel.‘) ] For e.m.-st rength cou p||ng
1 1’ @ (Gevd) Mg < 300 GeV excluded.

LISHEP 2009 Christian Blohm Searches For New Physics at HERA 27
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Leptoquarks: 15t and 2" Generation, with LFV

@ Via leptoquark exchange also
flavour violation can happen

Muon-channel:

For e.m.-strength coupling

Events / 50 GeV

Search for Lepton Flavour Violation

H1 preliminary

_@- HidataHERAllep

—sm
[ sM uncertainty

10°5"""56"100" 150' 200 250 300 350 400
nX
Mg, GeV

Search for Lepton Flavour Violation

H1 preliminary

SL
Aeg = Aep = 0.3: o
eq eu .0 3 - H1 HERA | +II (prelim.) single LQ
F =2 LQs with ‘
< H1 HERA | single LQ
Mg S up to 430 GeV excluded. ] i e
10709 300 200 500 600
Mo/ GeV
LISHEP 2009 Christian Blohm Searches For New Physics at HERA
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Excited Leptons and Quarks

Summary
0000@00000000 o

@ Models with composite leptons and quarks provide explanations for
three-family structure and mass hierarchy

@ Allow excited states for then not-quite-so-fundamental fermions

v, 4 W
Excited quarks

Excited electrons Excited neutrinos

Effective Lagrangian

Parameters

Couplings

1 - Y A f f
Lo = = Fio™ |af T W2, + g'F L By + g:f o G2, | Futhe ,
v = p RO (8T Wi T 8T 5 Bur ¥ &l G | LA | e A

LISHEP 2009 Christian Blohm Searches For New Physics at HERA 29
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Excited Leptons and Quarks

Mass Spectrum

Search for e* at HERA (475 pb™) Search for q* HERA I+1l (¢”p, 475 pb™)
8 E H1 o HiDaa 2 F H1 o H1Data (prelim,)
5 18 E == Alsm 5 12 F Preliminary == All SM
> 16; i1 e* signal > oF {i q* signal M=240 GeV %
e & ey ela) w @ ay f* signal for
E 8
12 E Mg« = 240 GeV
10 6 .
oF E (arbitrary
6F af L
E E normalization)
4F 2
2F o E 1 ,
ey 1 = = . i
50 100 150 200 250 300 350 50 100 150 200 250 300 350
e* Mass [GeV] q* Mass [GeV]
Search for v* at HERA (e'p, 184 pb™)
(2]
- r e H1Data
< H1
o ar- sm
Ii L V' vy

@ Other decay channels also investigated
(not shown here)

@ No excess in any channel

@ Limits were derived

50 100 150 200 250 300 350
v* Mass [GeV]

LISHEP 2009 Christian Blohm Searches For New Physics at HERA 30
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Excited Quarks and Leptons: Limits

10" Search for e* at HERA (475 pb™) ] Search for v* at HERA (e'p, 184 pb™")
L - E g
& f=+f f E : f=+f
> H1 3 [ H
fm.z F/A =1/ Mg 510"?
w— F T T - F
vt (!oz pbY) 102
10°
E Lé;’ (direct) F
Loboo bbb b bo b bo b Lo
100 120 140 160 180 200 220 240 260 280 300 100 120 140 160 180 200 220 240 260 280 300 320
e* Mass [GeV] v* Mass [GeV]
1 Search for q* HERA I+l (¢°p, 475 pb™)
= T
(Y : f=+f, fs =0 . ..
] e ° Derlve.d mass—depend-ent limits
<O vena on ratio of the coupling f to
(37 pb™) .
- a4 the compositeness scale A
102k H1 HERA L+1|
g (preliminary) X ,
’ SR @ Shown is case f = f’ (other
fIA =1/ Mg . .
10° ' Ijl limits also calculated)
1
Preliminary @ fs =0 (else no sensitivity),
10‘100 150 200 250 300 350 400 450

o* Mass [GeV] complementary to Tevatron
LISHEP 2009 Christian Blohm Searches For New Physics at HERA 31
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Single Top

Summary
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Multi-variate discriminant method:

= H1 Preliminary (HERA I+l)
E
1k — Excluded
[ T
: — Excl. by ZEUS
@ Single top production in SM —— |
. K R —» Excl. by CDF
kinematically pos§|ble CDF Noto 920
... but cross section < 1fb - Br(t>Za) <3.7%
@ FCNC interactions for top in ) Excl.byL3
. 107
some BSM theories r Ky =vpe = 0
H H i m =175 G
— Magnetic coupling Ktuy T |
— Anomalous t production 10" 10,
sizable
Parameters 95%-CL upper limit: Kery < 0.14 J

Coupling Kty

Christian Blohm Searches For New Physics at HERA 32



Collider and Experiments Inclusive DIS

Model-Independent Searches
R-Parity Violating SUSY
Overview

+1 for SM particles

_ (_1\3(B—L)+2S5 _
R =(-1) a { —1 for SUSY particles
@ Multiplicative, discrete

@ Rp no mandatory symmetry,
possibly accidental symmetry of SM

v

Rp violation

Model-Based Searches
0000000080000

Summary
o

RPV examples:

et

g
N
d

Squark production

et o
@ Additional trilinear terms in superpotential \/
(ingredient of SUSY-Lagrangian): e
Wrpv = AjiLiLigx + N Li Qdk + N Didjdi + ... o |
@ Single-production of superpartners d,u u,d

@ Lepton/baryon number violation

y
LISHEP 2009

Christian Blohm Searches For New Physics at HERA

Gaugino production
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R-Parity Violating SUSY

Squark Searches

et @ Resonantly produced squarks decay (RPV or gauge coupling)
G Many final states, various combinations of e, u, v, q
d M @ Limits derived in “phenomenological MSSM” and mSUGRA

Mik (not shown) limits very similar to Ay limits

mSUGRA, 1 ;, = 0.3, tanB=6
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% 160
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g

=300 < u < 300 GeV
70 < M, < 350 GeV | §
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R-Parity Violating SUSY

Gaugino Search

+ ~0

¢ \/XLZ!

Independent of squark masses

2
[

Gaugino decay via &/ to qqe/qqv

Signature: 3 jets + e or piss

&
IS
>
\'&.
e o

Discriminant method for S/B optimisation
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2 %0 ‘ ‘ ‘ > ** 3 m, = 100 Gev
5 40 — Background MC g 350 M.=1TeV l LEP2 excl. (95% C.L)
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R-Parity Violating SUSY

Gravitino Search

Summary
o

SUSY-breaking model: GMSB (gravitino G is

0 G °
¢ X LSP)
v ~
@ Gaugino decay to vG
@ Light gravitino behaves like a neutrino
H . H miss
@ Signature: v, jet, pt
@ Discriminant method for S/B optimisation
S F o ZEUS (prel.) 121 pb™
DR e & 1 -Gy oo oo
c «  ZEUS (prel.) 99-00 &'p E 5%
o £ M/A=1.1, tanB=2, u<0
> —— SMMC 300
w10 [ susveen
F T 250
12 ‘ E| 200
- 150
107 =
E H | | | | 3 .
0 02 04 06 08 1 5 o g
Discriminant m,, (GeV)
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Magnetic Monopoles

@ Dirac monopoles with large magnetic
charge — highly ionizing

O)\D:\i’f—ﬂ

@ Predicted to be light by some models

@ Could be trapped in beampipe (Al)

@ 1994-97 beampipe was cut into strips

=
H H 2 102 4
and passed through superconducting coil £ ! H1
- Model B - Efficiencies from inelastic
) :—. spin 1/2 Fermion produc(i‘on
Superconducting g
o 10 ¢ 4
5
H
2
Sample @ 4L il
(fixed to belt) Conveyor Belt —————> §
5

y
" sauip 2
(sensor and electronics) 10 I . I I I | |
0 0 20 40 6 8 100 120

140
Monopole Mass (GeV)
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Summary

@ HERA finished data taking two years ago
@ Many searches for physics beyond the Standard Model:

o Quark structure o Excited leptons and quarks
o Contact interactions e Single top

o Extra dimensions o R-Parity violating SUSY

e Leptoquarks e Magnetic monopoles

— No evidence for BSM physics — strong limits
@ In inclusive searches,
o NC cross sections o Multiple leptons
o CC cross sections o General topologies

o Isolated leptons
— No significant deviations from SM

@ Some final analyses and combination efforts still ongoing
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Excited Fermions
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bly-Charged Higgs

Excited Electrons: Mass Spectrum

Search for e* at HERA (475 pb")

Events
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Events
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Search for e* at HERA (475 pb")
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Excited Neutrinos: Mass Spectrum

Search for v* at HERA (e'p, 184 pb™) Search for v* at HERA (e'p, 184 pb™")
(7] ") F
- r e H1iData - 70 e H1Data
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Search for v* at HERA (e'p, 184 pb™)
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Q 25 v
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2oF @ Good description of SM
3 @ No excess in any of the
10F neutrino channels
5F L
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Excited Quarks: Mass Spectrum

Search for g* HERA I+l (e*p, 475 pb™)

2 F e H1 Data (prelim.)
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Doubly Charged Higgs

h el

@ In some BSM theories
doubly-charged higgs

. R,L -
@ Yukawa couplings hj;"" a priori
unknown
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95%-CL upper limits on cross
section for H** production:
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Doubly Charged Higgs

Limits on Couplings

RPV SUSY
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@ Limits for exclusive couplings extend partly beyond

LEP/TEVATRON
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R-Parity Violating SUSY

Bosonic Stop Decay Search
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