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|Searches for new physics at HERA'

Contact interactions
and resonances Exclusive final states:

e Contact interactions e Isolated leptons with miss-

. . Ing transverse momentum
e Large Eixtra Dimensions 5

e Top quark production via

FCNC

e (Quark radius

e Leptoquarks . .
e Multilepton and multimuon

e Lepton-flavor violation events

e R, conserving SUSY in MSSM ' ty++/——
* [ty violating SUSY e Magnetic monopoles

e Excited fermions
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|HERA I'

+ —_
e (e ) : p
271.5GeV 920 GeV
(820 GeV)
Integrated
Years | Beam Vs luminosity
ZEUS — H1
94-97 et 300 GeV | 47.7 pb~! —35.6 pb—!
98-99 e~ 318 GeV | 16.7pb~ ! —16.4 pb—!
99-00 et 318 GeV | 65.1 pb~! —65.2 pb—!
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| Contact interactions '

HERA can search signs of new physics at energy
scales up to ~ 1 TeV and at distances down to
~ 107 %cm

Lagrangian (vector component):

ﬁc.r:: S: Mij (€iv* €i)(@5Vug5)

q 1,9=L,R

o Compositeness m 7ij = Gijjl\_g

2
o Leptoquarks 5 ngj — ng )
MZiq

e R, violating SUSY —)&R and uy, correspond to S(’): and Sf/Q LQs

e Large extra dimensions e, ng = ﬁ
S

. . o doSM R? 2
e Quark radius (assuming R, = 0) s, o — %@ (1 _ 7@!)
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l Contact interactions II'

Limits on compositeness scale (A):

ZEUS LI L L B L B B B L L N B L L B B
0k 124 — | e zEus9a-00ep - +
8 — W A'=6.§ $ev 1 H 1 N (TeV) N (TeV)
5 j LL 1.6 —— 2.8
= LR 1.9 —_— 3.3
RL 2.0 = 3.3
Y RR 2.2 —— 2.8
e | Y | | 2 | ‘2 AA 4.1 —— 2.5
Q° (GeV’) .
10 i ° ZEUé 98-99‘e'p‘ | ‘f LL+RR 3.9 E—— 3.7
g === AA N =47TeV ] :
UBJ ‘‘‘‘ AA AT =44Tev ] RL+LR 4.4 — 4.4
Z SN T VRN O RN SN RN NS SN AN SEN AN AUEN BEN AN ANE A
< 5 0 5
N eN (TeV)
Contact Interactions Limits Quark radiUS:
Ll ‘ ‘ L

@ (Gev) ZEUS: 0.85 - 107 '% c¢m
ZEUS: 1.7 — 6.2 TeV Hi: 1-107 %% c¢m
H1: 1.6 — 5.5 TeV
5
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l Contact interactions III'

Limits on Leptoquarks (Mrq/\): Large Extra Dimensions (Mg):
ZEUS ZEUS: 0.78,0.79 TeV

[S)
T

el

o

1 ® ZEUS 94-00 e+p‘ i .
(g} — SY, M/MA=0.83 TeV ] H 1 . O . 78, O 82 TeV
gl --- si MA=0.52Tev .4
=z ‘.". | - -
2 | o8t ‘ ] L arge Extra Dimensions
N 3 T T IIIIIII T T IIIIIII T LI T T IIIIIII T T IIIIIII T T
;. o | _
1= | ® N ¢ ®
10 —_— = = —_— = =
Limits on Heavy Leptoquarks 1 © = M;=580 GeV A=+l 5 Mg=770 GeV A=+l
| I I I I I I | © MS:61O GeV )\:_1 MS:730 GeV )\:_1
10° 10 2 (Gevd) o B i
Q" (Ge )NO 2 |~ combined limits: — combined limits:
” \1\2‘ T T T R ZEUé o8 gé e_p\ — % L Ms:820 GeV A=+1 L e Ms:820 GeV A=+1
- 12 T R . -
% [ F §+ + ‘ + L 4 1 - VL MA=1.23 TeV 1o B M,=780 GeV  A=-1 B M,=780 GeV  A=-1
i 1oy 3 i it sson s INRPOR Vi, M/A=0.47 TeVv - -
pd r = B N
> 08 U P s T
3 10° 10* . B 1 —
[P N R e B S !._.:.ﬁ.:: 2. :T_ o _i— i i i
3 ‘LI‘mItS on H‘eavy L‘eptc‘>qu‘ark‘s o i H 1 i H 1
10° 10* | | | |
Q2 (Gevz) O 1 L1 1 1111 3 1 L1 1 1111 4 1 11 1 L1 1 1111 3 1 L1 1 1111 4 1 11
10 10 10 10
2 2 2 2
ZEUS: 0.27 — 1.23 TeV Q” (GeV?) Q? (GeV?)

H1: 0.3 —1.4 TeV
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| Lepton-flavor violation '

T+ e The recent discovery of neutrino oscillations has

shown that the lepton flavor is not conserved at

? o least in the neutral sector.
e Many extensions of SM (GUT and SUSY) predict
e Meg, T lepton-flavor violation.
) LQ e Signature at.HERA: a muon or a tau instead of
the electron in the final state.
Us A B Y e High efficiency and low background from SM.

e Buchmiiller-Rickl-Wyler leptoquark model has been considered.
14 LQ types: 7 scalar and 7 vector.

e Both resonant production (Mg < +/s) and contact-interaction (Mrg > /s)
have been considered.
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|Lepton—ﬂav0r violation II '
ZEUS e Limits on )‘equ/quj in-

- b) ZEUS (prel.) e'p 94-00 dependent from final-state

1
F a) ZEUS (prel.) e’p 94-00
i ~L
. S

quark generation for
Mrg < +/s. Several lim-
its also apply to Rp violating

= A eql>< JB‘[ q
. 5
e X\Big
) [

10°F = 10°E
squarks.
e I . 10 e Limits on ‘71 for
150 200 250 300 MLQ
MLQ(GeV)
Mrg > /s down to
<1 —————————— - —2
BN ¢) ZEUS (prel.) e'p 94-00 3 0.4 TeV
10'1::_;:‘_'-'-'-‘--"'-'.'-'.:-‘:::;::.--" """_; 10‘1: FOI‘ )\eql — 0.3 and .qu‘7 — 0.5 LQ
F Meg?h '
W masses up to 300 GeV excluded.
10°¢ —S85, E 107k gl e In general HERA limits bet-
o T ] i Bt ] ter than low energy experiments
3 ce-ToTIE 3 -e-.ToTIE
WE ke T W, ke T when higher generation quarks in-
150 200 250 300 150 200 250 300
M,o(GeV) M, (GeV) volved
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|Rp violating SUSY '

@1 and dg squark production

7 Several event typologies in the final state:
- e ® cq ® vq
/ dR / + . .
11k 11k e ¢ jets ® 1 jets
o ctl jets e v jets
9 u, d
fg 107;| T [ ' [ ' I ' I ' ]
S - e MJ chann€ « e'pdata .
o i —— == MCDIS+yyp |
i ---- 150 GeV squark |
10 | —+— (arb.norm.)  _
g ol CE
! [ | ! | Ly [ ' ! [ |
N L 50 100 150 200 250 300
SR M., (GeV)
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|Rp violating SUSY II'

ol =1
5 Unconstrained MSSM, j=1,2 T
< <
10 10
-300 < <300 GeV | -300 < 1 < 300 GeV |
5 70 <M, < 350 GeV ] 70 <M, < 350 GeV
10 & M & >30GeVimposed| 10 M| & >30GeV imposed-|
N T i
‘5\50*)’/ . i
(@) N g - (b)
| | 1.7 | | | | | | | | | | |
100 125 150 175 200 225 250 275 100 125 150 175 200 225 250 275
squark GeV) squark GeV)

Assuming )‘/13'1 = 0.3 (M1, = 0.3) squark mass up to 275 (280) GeV can be excluded
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lRp violating SUSY III'

mSUGRA (minimal supergravity):
Limits on (mo,mq /3):

MSUGRA, A" ;; = 0.3, tanf3=2 MSUGRA, A" ;;, = 0.3, tan=6
/'>\ 180 B T I T I T I T I T I T I T ] />\ 180 [ T I T I T I T I T I T I T
e W<0,A =0 i=3 : 0,A,=0 i=
8 160| | al; < 0=0 [ | excluded for j=3 | 8 160! (bu) <0,A,=0 [ ] excluded for j=3
140! "< excluded for j=1,2 | = 140 E==mmas e excluded for j=1,2
S -5, EE- e D e
£ 100 ===y ” H1 @ € 120F -
100 77 . N 100 .
BORN < Y . 80 i
60 60 b
10 W N iy §
20 \ . 20 .
0 AL Mie<M, ] 0 L Mg <My
O 50 100 150 200 250 300 350 O 50 100 150 200 250 300 350

m, (GeV) m, (GeV)
For tan 8 = 6 limits on ¢ improve LEP and TeVatron limits. ¢; masses up to 270 GeV excluded
for A13; = 0.3.
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|Rp violating SUSY IV'

S-top production:

ZEUS searched for s-top production focusing .

on the ¢ — byt decay channel.

ol

e +3jets d
Main assumptions:
e Only A3, #0
e " is the LSP (and above LEP limits)
e M3 =1 TeV to suppress t — t§

Chiara Genta

A 131

10

ZEUS

ZEUS (prel.) 99-00 €'p
H=800 GeV, My, - M, =20 GeV

12

120 140 160 180 200 220 240
M gop (GeV)
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Bosonic s-top decays:
If My > Mj s-top can decay
in bW:

, %
131
131

a)
Final state topologies:
o [+ jet + Ry
o 3jet + K
e ¢+ jet

d

Slight excess in the pu+jet+Ry
channel
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|Rp violating SUSY V'

2 n
~Ned L
<] [ . yymiss = e*p data
2 oL jePp channel — _ i
= --260 GeV stop 3
(arb. norm.) ]
10" b a) ] J
10'2 -LJ L,LJ'I-III II'LJJIL_
0 50 100 150 200 250 300
M, [GeV]
& L B B L B L I BB
= [ oespymiss = e*p data ]
2 oL JjjPy  channel =SM ]
= --260 GeV stop 3
E _L _l_(arb. n_oflln.) E
1F Hl —l— i—;-—- E =
10-1 E C) ' : E 3
10'2 -LJ P NIRRT B | P : | ]
0 50 100 150 200 250 300

M,.. [GeV]
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2]
N L
[= L .  pmiss = e*p data
2 oL JuP; " channel =sM ]
= E - -260 GeV stop
C AT_ L (arb. norm.)
1F $_|._ Hl E
10'1 ;_ b) -- - _-
10'2 _U i o1y ! :ll_l
0 50 100 150 200 250 300
M, [GeV]
_‘9103""|""|""|""|""|""
[= 3 = e*p data E
2 - ed channel BSM
(S B --260 GeV stop
10 3 (arb. norm.)
10 £ E
1F =
10'1_J..U.LLJJ.LlJ.LLJ..L
0 50 100 150 200 250 300
M, [GeV]
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|Rp violating SUSY VI'

= [ e B B
= B miss
= " [ljeP; channel
b 10—_ . iss
- - B J].LPK;. channel Hl
o) 8 - [ jiiPy " channel
6+
4t
)
0

180 200 220 240 260 280
M. [GeV]

Excess in the pu + jet + R channel not sup-
ported by other decay modes

Chiara Genta

M; < 275 GeV can be excluded at 95% C.L.
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— D Excluded in part of parameter space
" [I]Excluded

Wy = 0.3
0.6<GI,GB<1.2

400 GeV < u <1000 GeV
M, = 1000 GeV
tan 3 =10

H1

200

220 240 260

280

M. [GeV]
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|Rp violating SUSY VII'

Superlight gravitino:

Gauge mediated supersymmetry breaking

model. The gravitino is assumed the LSP

and BR(x{ — vG) = 100%
In this model Mgepton K Msquark

Y
XO
et > >
e .
d > > ul G
ij1

1 event (2.55 + 1.30 SM)

Mx(l) < 108 GeV are excluded for A\
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/ —
151 =

100

80

60

H1 e'p preliminary

GMSB, j=1,2

X 0 not NLSP tan=1.5, u<0, N=2 ;
1

60 70 80 90

L L ‘ L1 L1 L1 L1 L L L L ‘ L1 L1
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1

1 (OPAL 91 GeV)
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|Isolated leptons and missing transverse momentum'

Electrons Muons Taus
Pff Data SM | Data SM | Data SM
_, Py >25GeV 4 1.49 6 1.44 0 0.53
T PX>40GeV | 3 054 | 3 055| 0 022
vy Pi >25GeV | 2 2.9 5 275 2 020
E P > 40GeV 0 0.94 0 0.95 1 0.07

H1 finds an excess of events in the e and p channel (but not in the 7 channel) in e™p data

ZEUS finds an excess in the 7 channel only

e Possible explanation: top quark production via FCNC with anomalous magnetic k¢~ or

vector vy, z couplings.

e The ZEUS excess for tau is not compatible with the results in the other channels.

16
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|Events with isolated high p; leptons'

H1 event with isolated muon
etp - X

Event MUON-2

Pt =28GeV, P = 67GeV, Pj** = 43GeV

E[Gev] (DCLU)

tau candidate 1, pT:21 GeV

ZEUS event with isolated tau

H1

17
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| Single top production '

ELECTRON CHANNEL MUON CHANNEL
%) C }  H1Dat 0
= 4 cll L Al SI?/I?)rocesses c 04 & | J
g C ] SMuncertainty g’
L = 3 wwmc L
3 F --- Top MC 03 [
2RV UL 02
1 e 0.1 :— Lj}
0 S 0 Lk -
0O 20 40 60 80 0O 20 40 60 80
b
P; (GeV) P2 (GeV)
0.4
[7)] 0 -
= R A = bWl
. < 2r c i
Legton channel (e, p): I & b )
P’¢" > 30 GeV , P > 40 GeV e 15 : ; S
: 1 L B
Hi: 5 events (3e and 2u), 1.31 4+ 0.22 from ; | 01 L s N
0.5 [ L : 1 -
SM FES :3‘:‘“‘«“« -
= ,, OSSP e Sesy, ) Lop L]
ZEUS: no event 0 100 150 200 250 0100 150 200 250
M., (GeV) M, (GeV)

Both the experiments found an agreement with the SM in the hadronic channel.
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l Single top 11 '

A ZEUS

If the excess is due to single top production: T T

* N§ i Kiuy — Utz €Xclusion region ZEUS 94-00 7
s L
o =0.2940.15/ — 0.14 pb < 1R
(vs = 318 GeV) - > M, =170 GeV
0.8 _\Yﬁ: M,,,=175 GeV
If statistical fluctuation: L M,,,=180 GeV

\/

o < 0.55 pb at 95% C.L.

ZEUS:
Agreement with SM:

Rtey = Vtez = 0

—> Excluded by CDF, M, =175 GeV —

* —> Excluded by L3, Mt0p=175 GeV
0.2
o < 0.225 pb at 95% C.L.
Excluded by H1, | Mt0p=175 (l}eV
o . . . | | | | | | | | | | | | | | | | | | |
ZEUS limits consider also the efficiency for 0 0.2 0.4 0.6 0.8 1
the Zp channel Rtury
19
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| Multi-leptons events '

| -Flll_

q
TR . .Fllli
p X v X q - W | {
2) b) 0 h.lr

H1 found an excess of events with

2 or 3 electrons and high invari-
ant mass (M > 100 GeV)

20
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| Multi-muon events '

H1: ZEUS:

Multi Lepton Analysis

2 K ® H1(04-00)- 3 . v Grety o600
C L T - - SM _ B ~ — GRAPE MC —
q>) t HH &110 ! E
I 0 - A H1(94-00)- ppe % |
i 4} L SM-ppe 107 E
: Hmuwi‘uwuf
20 30 40 50
| Pl (GeV)
1 L JAN L] % 3
- 3,
| 1 - —
0.9
! 0.8 R R R
_l :
L N | N | ' * o
0 20 40 60 80 100 120 140
M [GeV]
t 2 events con M, > 100 GeV
One event with M, > 100 GeV (2.16 from SM)

Good agreement with SM. No events with 3 or more muons.
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|Generic search of physics beyond SM'

Two or more isolated “objects” with high p; (electrons, muons, photons, jets, neutrinos)
Discrepancy between data and MC quantified by the

Events estimator p. For each event class the region with
-1 2 3 4 . . .
107 1 10 10° 10° 10 higher py,in is considered for M,;; and > py
P HHW T HHTW T HHTW T THHW T HWW T HHW T #TH lad o ° ° o
-.—--— — log P = probability of measure p = pmin
T % % %
j-v ! ! | | H1 General Search -- Z P results
e-v 51
e—-e & 8 —_ .
e-p =1 0 10— —e— H1 Data (prelim.)
H-H E e % L
i-y [ ALt L
M= LI @) 8 —— MC Experiments
v -y } : ; — B
R: - S
1=~
e-i-if ’ > 6 &
j=j-v ’ L B
e-e-j1] Y— - .
e-j-v B+ o 4 - H-j-V
H=j-v e o B
i- l -y % i | e H1Data (prelim.) e o \l/
e-j-y E=xul 2
. £ I
i-v-y -
e-j-j-j = M S - -9-
i=i-i-v 3+ Z L DT
i-i-i-iE I
e-i-i-i-iB 0 2.5 3.5 A4
H1 General Search -log P
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\/

(HERA II '

New spin rotators installed in 2000

longitudinal polarization of electrons
and positrons (up to ~50%)

Average HERA polarisation (longitudinal polarimeter)

— 60 T T T T T T
o ] ] ]
= 50 t October 2003 1 November 20031 December 2003
o B Lo . R
‘E_g o 3
= 40 + — e o o o -
ks R . 1
[e] . °® ]
T 30F 3 e oo 3
20 F RN I E E
10 | E E E
5 10 15 20 25 30 5 10 15 20 25 30 5 10 15 20 25 30
Day in month
.\:.60 e I IR RaaS s
= ¢ [ January 2004 { February 20041 March 2004
@] i ]
8 b E E E
E_640 ...”.:’ P R I8 . 0% ®
00.30 —”“. %o R 0..0 oo’y 0.”1: . 0"..0 ....,
0k E R -
10 F = - &

5 10 15 20 25 30 5

Chiara Genta

10 15 20 25

10 15 20 25 30
Day in month

5

Integrated Luminosity (pb™)

HERA delivered

70 |

50 -

40 |

20 |

10 |

Ll
100

125 150 175 200
days of running

07 el ST I
0 25 50 75

24
PASCOS 2004-Boston, 16%*-22729_Aug-2004



lHERA II- first BSM searches'

H1 updated the analyses, where an excess of events was found, adding new data (45 pb~1).

Events with isolated e and p and B (163 pb—1):

Search for [+PI"*° events at HERA (163 pb™)

<ETE
E = @ HiData(prelim.) Npu,=27
() - 1 All SM Ng, =19.5+2.8
Li - L1 Signal Electrons Muons
10 === —o—
Data SM | Data SM
ma— —+—
1 ‘ | ‘ Total 18 15.4 9 4.1
P > 25 GeV 8 2.6 6 2.5
10 m
107 High P; electrons again...

O 10 20 30 40 50 60 70 80
P~ (GeV) e andpchannels
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H1 Preliminary

lHERA II- first BSM searches II'

Multi-lepton events (163 pb—1):

N

ity 4t
i

eee

10-ZEIIIIIII 1 IIIII IIIII III IIIII
0 20 40 60 80 100 120 140 160 180
M,, (GeV)
.:/)102
d
c c
= o
>
w 10
]__E ——
10t
102 Ll
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0 20 40 60 80 100 120 140 160 18

M., (GeV)

[
—

Multi-lepton analysis HERA I+II (163 pb™!)

107

epf
10
1E
10" £
10-2E|'|||||||||||| el b b b b L Ly
0 20 40 60 80 100 120 140 160 180
Muu(GeV)

® H1 Data (prelim.)
[ 1 DIS+Compton
[ 1 Pair Production

26

Data/SM
ee Mio > 100 GeV 3/0.44 + 0.10
ppe My, > 100 GeV | 0/0.04 £ 0.02
e Mey > 100 GeV | 0/0.31 £ 0.03
eee M1 > 100 GeV | 3/0.31 £ 0.08
epp Mg, > 100 GeV | 1/0.04 £ 0.01
epup My, > 100 GeV | 1/0.02 £0.01
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| Conclusions '

e Various searches of physics beyond Standard Model have been performed using
HERA I data.

HERA 1I:

e Still open questions: events with high p; leptons and high missing momentum,

events with 2 or 3 electrons and high invariant mass.

HERA 1I:

e 700 pb~! of integrated luminosity in the middle of 2007 will help to resolve
HERA I puzzles.

e Polarization of electrons and positrons can enhance selectively some BSM signals.

e First results with HERA II data show agreement with SM expectations.

27
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|D0ubly-charged Higgs production'

H*+/—= is predicted by Left-Right sym-
metric models where the extended sym-
metry is broken by a triplet of scalar
fields.

Is the excess of events with 2 or 3 elec-
trons seen by H1 due to the HT1/~~ pro-
duction?

H"""(“)
e+(-) > >—<
o e

p.X

P =

only one event with M > 100 GeV is com-
patible with H++/~— production.

8
<

04 |

0.1 L

H1 Higgs search: H™ limits

08 |
0.7 |
06 |

05 |

Excluded via Bhabha Scattering

SLAC+PETRA

H1 preliminary

BR(H - 1)=33%
..... H- ee
.......... H_
Excluded by HH
OPAL — All channels
(p‘alr‘pr‘oéuftlc‘m)‘”“‘H“‘ P P P B [
80 90 100 110 120 130 140 150
M, (GeV)



