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e Highlights from Hera |
e What at HERA Il



BSM searches at HERA |

Resonance-type or Exclusive final states
Contact-Interactions e Isolated e, i1, 7 and missing pr
e Leptoquarks e Single-top limits
e Lepton Flavour Violation e Dielectron, Dimuon events
e Contact Interactions e Doubly-charged Higgs limits
e Extra-dimension limit e General search
e Quark Radius limit e Magnetic Monopole search

e Excited fermions

e SUSY in MSSM R, conserving
model

e SUSY in Rp-violating model
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Leptoquarks

qi 9 a7 "t G

Scalar or vector color triplet bosons, carrying both L and B.
at HERA BRW model is used:

e L and B conservation; F' = 3B 4+ L = 0, 2 defined

e either left-handed or right-handed couplings

e 7/ scalar and 7 vector leptoquarks

e all 14 decay to eq

e 4 decay to eq and vq

but also more model independent limits are derived
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Leptoquark(ll)
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e y=1/2(1 — cosb*),
(6*) scattering angle in eq (vq) rest frame
e DIS: ~ 1/y?; Scalar LQ ~ (y); Vector LQ e
~ (1 —y)? ) \
p
MLQ > S . o "

Contact-Interactions term
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Leptoquark Il
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No signal seen by H1 and ZEUS , set limits on LQs production
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H1 leptoquark search

Leptoquark IV

ZEUS

H1 leptoquark search

H1prel. €'p data (NC) vs =320 GeV scalar LQ (NC) m=200 GeV
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Leptoquark V
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a1 ~o L3indir. limit
10 Preliminary -

/
___ 7EUS limit

- H1 direct limit
1072 (e" p, Prelim.)

TEVATRON lim. |
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SCALAR LEPTOQUARKS WITHF=0 (S,,,) gCcALAR LEPTOQUARKS WITH F=2 (S, ,)

~ L3indir. limit
Preliminary

. 7EUS limit
- H1 direct limit

(e p) .
DO limit ]

150 175 200 225 250

275 300 325 350 375 400

M o (GeV) M o (GeV)
HERA I limits very competitive in the region 230 =+ 280 GeV
DO Runl+Runll prel. Mg(scalar)> 253 GeV for B(LQ — eq) =1
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Tevatron limits do
not depend on A,
but depend on

HERA independent
of 3,

still discovery win-
dow at low 3

Leptoquark VI

SCALAR LEPTOQUARK e*u - LQ - e*X
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Lepton Flavour Violation

e Evidence for neutrino oscillations: do we
see oscillation also between leptons?

e Leptogquark and Susy models predict LFV
Interactions

e Signature: eq — u(7)q’, high missing
pr, @ or 7 aligned with the missing py,
small SM background

e also here distinguish between Mo < s
(peak’ expected’, high ps lepton) and
My,q > s (softer pr lepton)

'[+

e+
L
a) Mg, Moy

o %
e+ .l.+
A S0
b) LQ
oR AT dg O
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Lepton Flavour Violation Il

Psign

/ D =
New results from Zeus on eq — 7q PoackgtPsign
(99-00 e p data) o o o o
in 6-dimensions, slight increase in effi ciency using this
r-discriminant selection: method
, ZEUS
ZEUS wlo : T T I T I T I T I T |+ T I T I T T :
2. o[ TZEGS (pral) e'p 98100 ] g T == * ZEUS (prel.) e p 99-00 .
gmj BackgrgundMCFI) § —— ) g : BackgroundMC :
L SRR LFV T M=240 GeV ; ”Jlog . WL LFV t M=240 GeV =
1? 0.2 0L4 OE;HO-‘S i 1‘2 14":-[;6-"1:8 é E 0.2 0.4."()%6 0‘8 i 1‘2 1’4":[;:8 7
. . . . . ._loé(Rr;‘EEn) . . . . . ._Iég(R.rmS) 10 E_
e ettt 1 -
k
o 1 PR ;"-E T8 8 Eo 107 5 1 15 20 25 D — O QCD-jetS, D — 1 T_jets

No events survive the final cuts
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Lepton Flavour Violation Il
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LQs excluded in mass range
276 — 299 GeV

Qo

HERA competitive when a heavy quark

In the final state is involved
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Contact Interactions

Lor= ZZ,BZL,R 772% ' (éav“ea)(%w%)

complementary to LEP/Tevatron

e leptoquarks
e General Contact Interactions
e Large Extra-Dimensions

e Quark Radius

@)
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Contact Interactions Il

n = €4
(A?)
ZEUS
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o — A'=65TeV

O
=z
>

[

[ Contact Interaction Limits for VV model

L I I I |
3 4
10 10

Q@ [GeV?]

10 | ] 12 o zEUS (prel.) 98-99 e p
a L A =7.0TeV
o +
] — N =65TeV
ZB : 0.8
> |10® 10*

P S S

| Contact Interaction Limits for VV model

| | | | L
3 4
10 10

Q@ [GeV?]

.e. VV — €1, = €,r = €rr, = €grr = +1

rrrrrrrrrrrrr vyt ! rrrrrrrrrrrrrpt
H1 ,- (TeV) : A" (TeV)
LL 1.6 p— 2.8
LR 1.9 —— 3.3
RL 2.0 l— 3.3
RR 2.2 e — 2.8
Y, 5.5 — 5 3
AA 4] — e—— 2.5
VA 3.0 — 2.9
LL+RR 3.0  ees— 3.7
RL+LR 4.4  seee—— 4 4

] ] ] [ IPEN PEN VI O B T BN A A | Lol g

5 0 5

eN (TeV)

Also limits on the quark radius:

2
do __ do®M 1 — R_gQQ
dQ? ~  dQ- 6

Rq < 1.0 x 10716 e¢m (H1)
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Search for R-parity violation SUSY

MSSM model :
Rp — (_1)3B—|—L—|—25

=1 for particle, =-1 for sparticle

particle sparticle
quark squark (g)
charged lepton slepton(e, 1, 7)
neutrino sneutrino (V)
photon photino
graviton gravitino (G)
Z0 zino Z
neutral h, A, H | neutral higgsino H1 >
charged H* | charged Higgsino H=
W+ wino W=+

W+, A+ — x7, x3 charginos

5, 2,89, — x9 5 54 neutralinos
1 Higgs mixing parameter

tan g ratio of vev scalar Higgses

Rp conserving at HERA :

X1
e+
[ eq
X,
p o
qL,R

(Mé‘ —+ M(j)/Q 2 77 GeV
HERA not competitive
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Search for R-parity violation SUSY (lI)

R p-violating lagrangian:

(@)
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Search for R-parity violation SUSY (llI)

Seven different topologies stud-
led by H1 in 98-00 data:

o c,v+1jet(like LQ search)

e et + multijets (also wrong-
sign e)

e vt+multijets
e cl+multijets
e vl/+multijets

No evidence for deviation from SM

events

events

Sear chesfor squarksin R, viol. SUSY: eMJ channel

T L L B B B L B L B
16 |- Hlprehmmaryf
14 B
12; - data %
10 | == MCDIS+yp
2: (with uncertajnty)E
4 - -
2 b ]
v P v by by I vy by T SR SR A
75 100 125 150 175 200 225 250 275
M., (GeV)
Sear chesfor squarksin R, VIO| SUSY: vMJ channel
lO*I rrrprTTrTrrTT T T T T T
; Hlprehmmary
87 - data ]
o ‘ ‘ == MCDIS+yp]
4l ‘ | ‘ (with uncertajnty){
2r . i
T I R IR IR IR IR AR U lirer i & S
50 75 100 125 150 175 200 225 250 275
M., (GeV)
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Search for R-parity violation SUSY (1V)

Searchesfor squarksin Ry viol. SUSY

Unconstrained MSSM, j=1,2

N 1j1

10

tan3=6
-300 < <300 GeV |
70<M, <350 GeV
M, o > 30 GeV imposed.

)

10 K

"

&
\\

Hlprehmmary’
| Lo ] | | | | |
100 120 140 160 180 200 220 240 260 280

quuark (GeV)

ury,cy ruled out up to ~ 240 GeV
for A’ =0.3

Searchesfor squarksm Rp VIO| SUSY

mSUGRA j= 3

H1 prellmlnary
B tan3=6,u<0,A, —0’
— o |:|excluded for N 15 = 0.3
— \\\‘5\\\\ \\ \\ % —
\‘\\ @/\
L “__‘~\‘\ \\\ 0
\\\\\ \?i@o \\
\\\\ \\§b
N \
N \ i
Q. \
1
! ,
|
1 L I I
0 50 100 150 200 250 350
0(GeV)

t7 ruled out up to ~ 270 GeV
for ' =0.3

(Tevatron sensitivity Run 1 130 GeV, Run Il 250 GeV)
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Search for Superlight Gravitinos at HERA

H1 e'p preliminary
0 O 140
X o
et —» > £
~ 120
e ~
d > »— o G
/ 100
151

80

GMSB scenario: G is LSP, x© is
NLSP, mg > mg

GMSB, j=1,2

tanB=15, u<0, N=2

60 X.% not NLSP -

Signature: missing py (> 25 GeV), 6070 80 90 100 110 120 130 140

isolated v (E1 > 15 GeV), 1 event m,, (GeV)

found, 2.55 + 1.30 expected Limits independent of the squark mass

Tevatron Run I: 1 eeyy + pr event Typical LEP limits are m,o >~ 90 GeV, mz; >~
90 GeV
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Isolated lepton and missing p7 events at HERA

etp - utX

Event MUON-2

H1

Pl =28GeV, PX =67GeV, Prss = 43 GeV

1 isolated lepton (u,e) ,
with high pp, piss, jet (p4)

Main SM process:

Spectacular events found by H1 in et p data
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|solated lepton (I1)

I Combined Electron and Muon

IT

RIX IR X
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Isolated leptons (l11)

HleTp (e + p) Data SM W-only

ppt < 12 GeV 5 |6.404+0.79 | 445 +0.70
12<pX <25GeV || 3 [3.08+0.43 | 2.4040.40
25 <pX <40GeV | 4 [1.83+0.27 | 1.59+0.26

pit > 40 GeV 6 |1.08+0.22]0.96+0.22

e Hle pdata (14 pb—1): 1 e-event (1.69 + 0.22 dallo SM), 0-u

Events

10°
10°

No deviation observed in the hadronic W -production

Hadron

Nga=21505
Ngy=21579:4952

ic channel
@® HlData
O All SM processes
@ SMerror

S
10 E Ny, 5308

o Ng,=5568£1272
10 F

Events

Hadronic channel
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|solated leptons (1V)

. _ . X
Excess in eTp collisions, at high p=~,

After top-selection cuts: 5 events (3e,2u)

survive (1.77 £ 0.46 expected):

IS that new physics?:

H1Preliminary

[%) 10 ¢
8 E all solutions ® Data (3 events)
S 1le +TH W
S B Top MC (a.u.)
107k i T s
4
10?5""1-.
100 150 200 250 300
M(evX) (GeV)
»n 10 g
% E ol solutions ° g\a/llta(Zevents)
o 1 = U 44 W
. . . S Top MC (a.u.)
single-top production with anomalous 0L
ktuv, vz FCNC coupling (SM cross- . 4 :
section 1fb_1) ] ‘1c‘)o - ‘1\%0‘ - ‘2c‘>o‘ - ‘250‘“1 300

M (uvX) (GeV)
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Isolated leptons (V)

ZEUS e*p data (130 pb—1):

ZEUS

Electrons
obs./ exp. (W)

Muons
obs./exp. (W)

Total

24/20.67 L (17%)

12/11.9732 (16%)

pj)g > 25 GeV

2/2.9of8.§§ (45%)

5/2.75f8.2211 (50%)

pj)g > 40 GeV

0/0.9477523 (61%)

0/0.9575-> (61%)

Good agreement seen with the SM

No deviation observed in the W-hadronic channel
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|solated leptons VI

e Limit calculated in NLO for ZEUS
v-exchange, in LO for v/Z- N T T T T T T T
exchange >3 } KyyViz €xclusion region

° Zeus efficiency evaluated ZEUS (prel.) 94-00
also for the Z-exchange

i —> M,,,=170 GeV

e H1 limit weaker due to the 0.8k \ﬁ—> mmpjgggex
observed excess "L : > Mip=iEIBE

e Lagrangian convention differ - :
by /2 compared to LEP, con- 0.6~ ——> Excluded by CDF
sider only wu-contribution for N :

LEP - s —v. =0
0.4—\ Kiey=Vicz=
I N
I N > Excluded by L3
0.2 :
I > H1 (prel.) 94-00
O_ | | | | | | | | | | | | | | |
0 0.2 0.4 0.6 0.8
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Previous search extended to
the 7 (hadronic decay), us-

Ing the 7-discriminant D

Isolated 7 In ZEUS

ZEUS

e €
ﬁ<
q q’

O o _— N
O|oT ® ZEUS (prel.) 99-00 ep e
Hl _SM CC DIS :...- -
Z 1015_ i SMW S vt (hadr) E“: =
.. ‘* :
F P

10-3 : L L I . . . | | | | I | | | |
D

D — 0, CCDIS-jets | DI, W — v7-jets
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Isolated 7 in ZEUS (lI)

e Standard isolated track + 10 ZEUS

missing pr selection 2 '5' ésué@ré.)'gé-o'@
L - on 1
e exclude tracks which are ei- > [ e i TopME ]
—@ o O —
ther e or u 1
e t0 remaining tracks apply L :
D > 0.95 10 ¢ 3
3 events observed/0.23 + _2: 75/;////////?7;/// ....... ; ]
0.06 expected W0er 0 L s
X ?/////// //%//// ]
o p7 > 25 GeV //??QQ/Z///ZP?////? ]

2 events observed/0.12 + 10 —

Y Y 0 20 40 60 80 100

0.02 expected (Poisson

P (GeV
prob=6.4 x 10—3) r (GeV)
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Isolated 7 in ZEUS (llI)

tau candidate, pT:39 GeV

tau candidate, pT=21 GeV

et p 1999 data
p?‘iss = 39 GeV

p% = 37 GeV
Pr—jet = 39 GeV
M = 68 GeV

et p 1999 data
p?‘iss = 37 GeV

p% = 48 GeV
pT—jet = 21 GeV
Myp = 32 GeV

Elisabetta Gallo Ringberg03
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Summary on isolated leptons at HERA |

H1 Electron Muon
94-00 etp (101.6 pb~1) obs./exp. obs./exp.
p7 > 25 GeV 411.49 6/1.44
ps > 40 GeV 3/054+£0.11 | 3/0.55+0.12

ZEUS preliminary Electron Muon Tau
94-00 e*p (130.5 pb~1) | obs./exp. | obs./exp. | obs./exp. (W)
p7 > 25 GeV 2/290 | 5/275 | 2/0.12 4+ 0.02
pp > 40 GeV 0/0.94 | 0/0.95 | 1/0.06+0.01

These 2 7-events are unlikely to be ex-
plained by single-top anomalous pro-
duction, as their cross-section is higher
than the excluded cross section of
olep — etX) < 0.225 pb(y/s =
320 GeV'), obtained from the e/ / jet-
channels.

A crazy diagram without a W -decay:

N b
*\
T+ 3jets+ Missing P, Ve \<
d
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Multi-electron events

e’ et et et et e’
/7
Y€ e” v q
e
q
Y - gl et et
/2]
p X p X q e~
a) b) c)

2 central isolated electrons pr > 5 GeV/, at least one with ppr > 10 GeV
(20° < 6. < 150° H1, 17° < 6. < 164° ZEUS)

3rd electronin 5° < 6, < 175° (E. > 5 GeV rear, E. > 10 GeV forward)
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Multi-electron events (lI)
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b 2e
10
1
-1
10 s
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T
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27755271
S Y e

LZFALXFHLL

Events

Events

10

10

10

+—

ZZ
2 275
ZZz 2777
B27552275422755427 277
(5227 7552777527 77277
s
VO S A e o S v

Phadrons (GeV)
T

%)
3e =

% 10
10
1

= 10

e s 10

0 20 40

Phadrons (GeV)
T

L e e e e - T )
F ® ZEUS(pre) 9400 1 +=2
20 —  GRAPE+NC+QEDC] 8
[J NC+QEDC
E — QEDC ] 8
-1f a) 3
[ .'

0 20 40 60 80 100
E,, (GeV

c)

0 20 40 60 80 100
E,, (GeV

~ 100 — 200 events selected, in general good agreement with the SM

1

wl Dot 8

0
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Multi-electron events (l1)

2 -
g 10 @g %I]FE’[EP:gE(;lJ;I%?] 1 />\ 150 j LMC(GRAPE) :SOOXLDATA -. '
" 10 DIS ) i .o
+Compton ~ 2€ %100 o 2e H1 Total
:
A Sample | Data SM
50 2etotal | 108 || 117.1 8.6
z 3 e total 17 20.3 £ 2.1
a'.'v_‘:";"':fg o o S 0 _ ! i
100 150 0 50 100 150
M., (GeV) M., (GeV)
. . H1 My, > 100 GeV
w  F
€10 & _ 3e 150 1= £, cigmmeey =500X £ * 3e
g0 L g e Sample || Data SM
[<B] - .. -
1 e ol 2e 3 0.30 £ 0.04
7, o B S '
B, n+_" A 3 e 3 023 :|Z 004
= B 6 outstanding events at M1, > 100 GeV
"’&'Z;".f'."t"::'.", 0 7\ L1 | ‘ L1 1 ‘ L1 1 | 11

100 150 0 50 100 150
M, (GeV) M, (GeV)
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Multi-electron events (1V)

1-&1
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Multi-electron events (V)

ZEUS
n i T (L L T T ]
) I J
o 10 2 * ZEUS(prel) 9400 |
5 F — GRAPE+NC+QEDC§
[] NC+QEDC
10 ¢ — QEDC E

1 —_0_ . * o —

10 13
2 : J_I_L ]

10 P T T S it | —l—r
0 20 40 60 80 100 120 140
M, (GeV)

No dimuon event with Mi, >
100 GeV observed by H1 and
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Good agreement with the SM prediction
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Multi-electron events (VI)

Possible BSM interpretation:
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Anything else?

H1 General Search -- M , results

Very nice general search done by H1.: P
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What to do at HERA I

e Competition with Tevatron Run Il diffi cult, already very strong lim-
Its set on leptoquarks, excited electrons,.., need to concentrate

on few key channels

e Remaining puzzles from HERA | (isolated leptons, dilepton events),
also and especially in e~ p (only ~ 16 pb—1 up to now), it will be

exciting to look into that

e some examples in the next pages of what we still can do
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What to do at HERA Il:Leptoquarks
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What to do at HERA |I:Excited fermions
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What to do at HERA II:FCNC

Hope to see still deviations
from the expectation, but in
case

very competitive limits for
HERA II
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What to do at HERA ll:slepton

Cross-section (\' = 1
In plots) depends strongly
on u,M>, but could be ~
pb—1. Signature: wrong sign-
electron
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Summary

e Both experiments published or are publishing the classic searches (lepto-
guarks,contact interactions,...) on all HERA | data.

e [solated leptons search also finalized by HERA |: excess in e, u channels from
H1, 7 channel from ZEUS, results are not easy to explain together, need more
statistics.

e Dielectron excess at M1, > 100 GeV observed by H1, not confirmed by
ZEUS.

e Still a lot to do in the SUSY R, searches

e HERA II: 5x more luminosity, better forward tracking, b—tagging will help in
clarifying last remaining puzzles; competition with Tevatron difficult

e Need a team to combine H1+ZEUS limits and present HERA to the outside
world (see LEP experience): manpower and a lot of effort is required though,
but not impossible.
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