Searches for New Physics at HERA:
Highlights

® What we do NOT see
® What we MIGHT see
® What we DO see
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Short Introduction to HERA

e HERA collides 27.5 GeV e* with
920 (820) GeV protons
Vs =320 (300) GeV

e Example: Neutral Current
Exchange

e 2 fixed target experiments: HERMES and
HERA-B

e photon virtuality Q*:

Deep Inelastic Scattering (DIS):

Q2>1GeV
Photoproduction (PhP):
Q?2<1GeV

e Bjorken x
e y'p center-of-mass energy: W
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HERA I & HERA 11

HERA luminosity 1994 — 2000
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e HERAII - collider upgrade to
get more luminosity (~0.75 fp™)
Polarized e* beam

e Detectors also upgraded
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New Physics Searches @ HERA I

I Searches for new Resonances Exclusive final states:

or Contact-Interactions: « Isolated leptons (e, y1) and
e Leptoquarks missing p..
I « Lepton Flavor Violation « Single top limits
e Contact Interactions e Multi-leptons events
« Extra Dimensions « Double-charged Higgs limits
e Quark Radius e General search
 Excited Fermions e Magnetic Monopoles
e SUSY in MSSM RP e Pentaquarl(s
conserving model
e SUSY in RP Violating model in orange topics covered by this talk

HERA 1I (so far) — general search, isolated leptons with missing
P, multi-leptons events
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I Contact Interactions

I Lot =2 51 ns @artea)@srus)

Complementary to LEP and Tevatron

» Leptoquarks

s General Contact Interactions
» Large Extra Dimensions

» (Quark Radius

Zy

5 K, Wichmann, Hamburg University New Physics @ HERA PHENO02004



Contact Interactions: quark radius

Example:

e e e P

dr dgSM Rg 5 2
a0~ A2 (1 - & )

R; < 1.0 x 10716 ¢ (H1)

ZEUS
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Isolated leptons with missing p,.

v/ Z g;
4 T, e spectacular event found in H1 detector:
4 e p— X
e Isolated lepton (e, p, T) with high Tt e o o |
Pp P, and jet (p¥) £

¢ Main SM process - W production

Total HERA I data sample, e*p > -
Electrons Muons = Jﬁ,{ .
H1 =
obs. SM (W3) obs. SM (W3)
Total 11 11.54+1.5(71%) 8  2.94+0.5 (86%)
pTX >40GeV 3 0.6610.13 (80%) 3 0.6410.14 (92%) ¢ HI1: excess of events with high
X

130 pb" [JgER Py . .

== ¢ no excess in hadronic channel
Total 24 20.6+1.7(17%) 12 11.9+0.7 (16%)
p/>40GeV 0 0.94:0.161%) 0  0.95+0.14 (61%) e ZEUS in agreement with SM

7 K. Wichmann, Hamburg University New Physics @ HERA PHENO02004



Single Top Production

|_L

| (o] \ oY el al "‘ Ut 77 (e . JrJ L ] 1l . 1 T
Is excess of events in e*p collisions with high p_

e Single top production via anomalous magnetic
and vector FCNC top couplingk  , v, ,

ZEUS
e selection cuts optimized for single top = [ \ "[™* exclimion rexion | 1% 4-00
search N 1?\ ]
e ZEUS does not see any excess in : 2 Maot70 Gy .
leptonic or hadronic channel "‘H-_\ > M, 180 G 1
e H1 see excess in leptonic channel ot \ e ]
5 events (3e, 21, SM: 1.31 + 0.22) i ) ]
e HI: no excess in hadromc channel ol foe v O b
ﬁ"'\.\ ]
lirnits on couplings and cross section set 5[ e .
e Hl:g (ep ~ etX) ~ 0.29 +0.15/-0.14 pb (if FCNC) I ]
e ZEUS:G(ep - etX) <0.225 pb @ 95% CL o AL .L‘?‘:i‘"."’.“f‘ﬂ |;‘. ‘.”.‘1’“‘. ]
g qpn
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Isolated Taus

e ZEUS uses multivariate technique
to separate t-jets from QCD-jets

P 10 — 7] :
c E ® ZEUS94-0Ddata [ ] SM r\
I.I:J 10 e Single Top MC |: WO”WE = tau candidate, p =32 GeV
1 T ® ® ® 2 i
10" —_—*I_~ ----- s ZEUS:
wel e . ..d e 3 events observed, 0.40 +0.12 -0.13
:}:’ s expected
a 1 T = 2 3 X .
08 sty © fOrp *>25GeV:
E . ., D-ooss ZObSQI'VQd, 0.20 £ 0.05 €XP. (probability 1.8%)
(1]
; . H1 Preliminary
10 o 10 ¢ F
g - » H1 Data (prelim.)
d=.'| C Ny =5 All SM Processes
10° |_|=j - Moy =5.8+1.3 [ sm Error
F el = | | smw
a | | il L T [ w— - single top
10 a 20 40 60 80 100 i (art. nommn])
P (GeV) 1F

H1 (new preliminary):
e 5 events observed, 5.81 expected _
e forp *>25GeV:0observed, 0.53 exp. wi—msm5 atww

PtX / GeV
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Isolated Leptons: Summary

@D

1994-2000 ep Electron Muon Tau (108 pb?)
118 pb?! observed / expected observed [ expected | observed / expecte(
Full Sample 11/11.54 8/2.94 5/5.81
PrX = 25 GeV 5/1.76 6/ 1.68 0/0.53
PrX > 40 GeV 3 /0.66 3/0.64 0/0.22
1994-2000 ep Electron Muon Tau
130 pb?! observed / expected observed 7 expected observed / expected
Full Sample 24 |/ 20.6 12 / 11.9 3/0.40
PrX = 25 GeV 2/2.9 5/2.75 2/0.20
PrX = 40 GeV 0/0.94 0/0.95 1/0.07
Where do we go from here?
- more data needed: HERA II
H]1 started to look into new data!
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Isolated Leptons - HERA 11

with 17 pb-! H1 starts to see
isolated leptons again

Search for I+P.’|'.““ events at HERA Il (17 pb'1 )

Nno excess so far

~__| * seem:

—— e« 3 electrons (expected 1.61 +0.29)
* 0 muons (expected 0.44 +0.32)

=— ® H1 Data (prelim.) e andp channels
F [_] All SM Processes N,,.=3
n Signal N, = 2.1+ 03
T

.

T

Ly
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[ ]
Multi-electrons
1z 7.1, e
e atleast 2 isolated high p_ leptons ’ o
T? )
e 100-200 events selected [H1, Eur. Phys.J. C31(2003),17] v/ Z .
e overall good agreement with SM H1 (115 pb-1) Data SM
¢ excess in Hl data for high mass —» | 2e 3 0.30 + 0.04
~ 6 outstanding events with 3e 3 023 - 004 | ¢ 9
M, , > 100 GeV
[ZEUS, Preliminary]
ZEUS (130pb-1)| Data SM
2e 2, 077 + 0.08
3e of | 037 + 004
' ‘PO C r 1 !
- T sood agreernent with
— GRAPE+MCH) s r‘ 7 °
O weqee SM for di-muons and
di-taus (new H1
L preliminary)
=
= 0 3030 6 %o 100 'Liulfﬁ:
Ry e M,, (GeV)
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12 K. Wichmann, Hamburg University



Multi-electrons: HERA 11

H1 looked for multi- .

electrons with 17 pb™! T ——— A
of HERA II data = | ,,H
| 5 ST -,
M,, = 43 GeV
H1 Preliminsry Multi-electron Ansalysie Hera-IT, (17 pb~')
i »  H4 Data (prelim.) n
E " E?—;_rDT;DdUCtmh E
LI::lJ [ Gemptan LI:J 1L
2e § 3e
' :  datain agreement with SM
.. o' - * no high mass events YET
10 o
w0 b I bt ctietond w07 follbududectooa o
M., (GeV) M., (GeV)
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General Search

e Object: e, 1, y,, jet
¢ common phase-space: | e
e p.(object) >20 GeV 10" 1 10 102 10° 10

Events

e 10 < 6(object) < 140 j- o T
. . . e—i - i i i i i |
e isolation: R (object)>1.0 e
. . . i-v ¢ )
¢ consider topologies with 2 or more N
objects = I R N
e search for deviation from SM pep o e | i
]_T: : : : ]I i i
. e e-y | | I T & ! !
" ,,E no deviation from SM for HERAII vy 3
£ - g% = B L
. Z e T -1-1E : : ! ! :
@ * s* 5 ) = ——m———
N * 3 = j=i-v ; L& ; ;
o a = = e—e—| |
— '- - [77] E ] i i i i i
> :'.: | e—j-v[_ I e | i i i
E 4 + ‘% u—j-v ' :l: _._: ! ! !
® I=1=v ! | @ H1Data (prelim.)
- bl i o === [ I
— 1] ]_v_T_ i - 1
'Tc 1 o8 ] E = : ; +: SM
= Ml T -l [ Se - - -
o Dl RN TR AT TR AT R AT E—]j—]j—]j—jj_ai ijr : : :
TEII I IR IIEETIVIESSATEEE
§iteLTRTE H1 General Search
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e' (1530)

N(1710) ; 0 Strange Pentaquar k
=4

Z(1890)

= e+D - 67+X - Kp +X

ddssii nussd

e protons and pions identified by RICH

~ 70 .
e K, reconstructed using decay length E ggljzszfzitsp‘:;gsﬁgvmw
e prt events from A (1116) +0 range o 60 | 1
excluded ‘g 5
e resonanceinKp - T1TTp 5 >0 /
A |
invariant mass observed at 40 | +
1527 £2.3 (stat) £2.1 (syst) MeV 4 i * * *
e width: a0 | i
22 +5 (stat) +2 (syst) MeV AT T
dominated by exp. resolution 10 | g"
A W/ G,

145 15 155 1.6 165 1.7
M(n'ntp) [GeV]
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O* Strange Pentaquark
e,

| .
no peak for 6**in K'p
;:700 [ M, =1522.7+1.2(stat) MeV e NO Statement from Hl yet
<600 - no peakin K p final state
2500 found by HERA-B
= (hep-ex/0403020)
400
300 - E R R . >
1000 | PMs dat: 5
200 750 [ el . 5
1;. 500 — AR recn area snows
100 3 2s0f . Eﬁp‘fﬁ o B
0 Em&iﬁf"*""".‘Z,':’.'f'f_
B .=
145 15 155 1.6 1.65 1.7 3 ; + H LUH A
8 Jrl PERL
M(pK), M(pK") [GeV] EEE 'TJr\ A jr % Jif,ﬂ " th‘;
. 2 £ o
® lfno e++ N e+ probably ::gg ‘-“'s..;.-, 3‘] n gre nd = subt I.",_-_I[.:Ti;. L
. . 1.4 1 4?5 1.55 1.68258 1.7
isosinglet pKS mass, GeVic?
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0*: Strange Pentaquark

US
o 5 _
M op(@) — Tmrrp(p) e resonance observed at
e Q2> 20 GeV? 13
e p/p identified by dE/dx e
e K, reconstructed from decay to . ®
+1 +
ZEUS e no peak for 6 in K'p
E : | I()I I I_I | | | | I | I )’ I | | | | | | | I | I :
w 3% Kg p(p) B 2 {_L
8 | o%20Gev? § 10 +
E 300} T o
S A
s 8 e
— 250 —]
-E L |Z=EUS 96-00 : -
8 - Mt Al Y eeeea. Gaussian — 6 B
200} ) ARIADNE MC —
B i o+
150]— : N 4 - Lo
i d %/ ndf=35/44 140: i -
B peak=1521.5 + 1.5 MeV 129 y .
100 width= 6.1+ 1.6 MeV 100l P T ] 2 L -
- evenfs=221+ 48 au: ‘_ ]
| —e—t
50/} o — 0 L ! !
o wd ' | | ] 1520 1540 1560
1] 11-451 L..L..l 1-g.L L.l ‘_11-55I 1 1 I-l-E 11 1 I1-Esl | I1-7 Mass value (MEV)
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21.5 £1.5 (stat) +2.8/-1.7 (syst) MeV
width 2 [VIeV consistent exp. resolution
probability of fluctuation (1500-1560 MeV) below 6x10°

ki COSY-TOF
% SVD-2
At ZEUS
Iy HERMES
|—d— CLAS (p)
%  ITEP (s
& SAPHIR

4%  CLAS (@)
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% SPring-8
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I 0: Charmed Pentaquark
I 6 -Dp- D)p - (Km)p

e resonance in Dp invariant mass

observed in DIS at signal visible also in

. 3099 23 (stat) £5 (syst) MeV photoproduction sample
e width:
12 +3 (stat) MeV
consistent with exp. resolution
- 40 = L I ! ' ! | ! ' ! | ! ! !
% H1 % 100 - Yp H1
- 30 e D p+D*p C i
3 — Signal + bg. fit 3 7 N
@ .- Bg. enly fit § I
£ 2 + E 50
Liat: J ) + + | 25 [
10 ] |-* . _+_ i % ol E
0 | + + + ¢ 0 3 3.2 34 3.6
3 3.2 34 3.6 M (D*p) [ GeV ]

M(D*p) [ GeV ]



Pentaquarks @ HERA

Gc — D*p
e ZEUS searched for the

same state
e no resonance found

= ZELUS

:?.u 35 _I IIIIIIII I IIIIIIIII I IIIIIIIII I IIIIIIIII I IIIIIIIII I IIIIIIIII I IIIIIIII I_
= + ZEUS (prel) 19952000 {126.5 pb™")
- - |- 2% =1 GeV* ]
@ Pip) = 2 GeV, dEdx({p) < 1/P{pi*+1 2 1
2 — fit: A taAM™-m 1" exp[-{aM™-m JC]

£ o5 L — fake signal of 043 from N{D™S .
i - ]
L2

4]
235 e 3.05 3.1 315 3.2 3.25 3.3
MID"p) = AM™ 4 M{D™), oo 1GeV)
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ZEUS and HERA-B: no signal for

="in =—TU invariant mass spectrum

Pentaquarks @ HERA

HERMES and ZEUS observe 8" and

no 6+

. no confirmation from HERA-B

H1 obse rvP;rJ

e no confirmation fro:

- = _—

ZEUS and HERA-B doe

situation not clear...

New Physics @ HERA
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I Summary

HERA performs wide range of searches for physics BSM
No evidence for new physics found yet
I Some very interesting results:

- Excess of H1 isolated high-p_ electrons and muons
- Excess of ZEUS isolated high-p, taons
 Excess of multi-electrons events seen by H1

0" pentaquark observed by HERMES and ZEUS (no 6+)
- 9 pentaquark observed by H1

e lack of = pentaquark observed by ZEUS and HERA-B

HERA II delivers data, new results coming in, stay tuned...
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