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New Physics Searches at HERA

Searches for new Resonances Exclusive Final States:
or Contact interactions:

* Lepton Flavor Violation ° |solated Leptons and

* Leptoquarks missing pT (HERA II)

* Contact Interctions *» Single Top Production

» Extra Dimensions > Multi-Lepton Events (HERA Il)

> Quark Radius * Double-charged Higgs

* Excited Fermions * Superlight Gravitinos

» SUSY in MSSM * Magnetic Monopoles

* R-Parity-violating SUSY > General Search (HERA i)
Searches * Pentaquarks

= What is new compared to sunnmer (ICHEP)
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HERA: ep Collider and Experinmnenis

Ee= 27.6 GeV Ep= 920 GeV
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HERA Delivered Luminosities

HERA | HERA I
analysed here: H1118pb~! analysed here: H1 53pb~!
ZEUS 130 pb~!
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day day
very good year 2004/
steady progress year by year longitudinally polarisied positron beam

03/09/2005, Moriond EW Christian Schwanenberger Page 4



Lepton Flavor Violation

> Neutrino oscillation: lepton flavor not conserved
> Many extensions fromn SM:
GUT, SUSY, compositeness, technicolor predict e->u, e>t
> Charged leptons: very stringent limits from rare decays,
especially for e->p

> At HERA: LFV can be mediated > At HERA: LFV can be mediated
by L&s which couple by R-parity-violating SUSY
to different generations
e { fi
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Leptoquarks

* Extensions fromn SM:

couple to leptons and quarks, carry B, L= 0

Buchmiller-Ruckel-Wyler (BRW) Minimal Model:

* Chiral coupling invariant under SM gauge transformation
» 7 scalar and 7 vector leptoquarks with fermion number:

F=-(3B+L)=0o0r2

*» decays: e.g. BR(LQ~»IqQ) =3dlg) =1, 1/2,0
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e = u Transition geptonic t decays similar)

Background MC 4
LFV u M =240 GeV -
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2P > 15 GeV
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e = 1 lransition (hadronic decays)

? ET > 45 GeV
ek T <= 15<E-P <60GeV
[ 2 Energy deposit in RCAL less than 7 GeV
: : 2 No electron with energy larger 10 GeV
i a; * Discriminant of 6 jet shape variables:
ZEUS
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Limits for F=0 Low Mass L&s for p Channel
(130 pb™")
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Linnits for F=0 Low Mass L&s for t Channel
(130 pb™)

ZEUS

scalar vector |

= | e Vi o

Indirect constraints
[ IR R R 1 EI-L P P M from Iow energy
e e EﬂLD{Ge\?}uu M_,(GeV) experiments

M, o(GeV)

= more siringent than from rare B, K, * decays for M _ = 250-280 GeV
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R-Parity

discrete multiplicative symmetry in SUSY mode Is:

RP _ (_1)3E—|—£—|—2:§,‘ B: baryon number

L: lepton number
B: spin

FHp =1 for SM particles

Hp = —1 for SUSY particles

R-Parity conservation:

e SUSY particles produced in pairs
e LSP is stable

e experimental signature of SUSY: Ef‘f‘iﬁ
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>

R-Parity Violation at HERA

e Rp can explicitly be broken by trilinear couplings in superpotential

Wg = ALl Bk + N LiQ; Dy + N, Ui D; Dy
| q(q) g
q
?L”

() q

e

e single sparticle production
e unstable LSP

¢ final states with large multiplicity

—- assume that one RP coupling dominates
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R -violating Neutralino Production at HERA

so far: s channel squark new: t channel selectron

et —»p > X0
€L
d > ¢ » &
121

NEW:

—- analyse SUSY independent of TeVatron mass bounds on squarks

—- set first limits on A}, for low selectron mass & large squark mass
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Gravitino Production
via t Channel Selectron Exchange

fT o Flg >'!5(5N9\’

O~ ) > Isolated
~0 ., * good tracking
X1 | NLSP) ~J) acceptance

d, u r > d" G (LSP)  ep™>25GeV

a ij‘*t > 5 GeV
? good tracking
acceptance

—- study of Rp SUSY independent of squark mass, dependent on m;, , m

f
1;1: *"\nf

X0
— Gauge Mediated SUSY Breaking: slepton masses lower than squark masses

1'1'1155}

—- analyse gravitino (= | + photon decay of neutralino for the first time
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Disiributions and Final Selection Cuts

64.3 pb' of e'p data, 13.5 pb' of e'p data
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= | event, 2.9 + 0.3 expected (radiative CC)
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Linnits on Cross Section
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Lirnits in R -violating GMSB (e'p)
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= m(x§) < 112 GeVfor \},; =1
= m(€) < 164 GeVfor A}, =1
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R p conserving SUSY

LEP: .

— HERA is complementary and

competitive for A ~ 1




High p, Lepton Events at HERA

e'p = X + PTmiss e isolated lepton

Evene ML |

® high hadronic pr

Py = 98 GeV, ' = 67 GeV, ™ = 13 GeV

® missing calorimeter pr

- Standard Model:
u-,._ﬁﬂh S— dominated by W production
E = {J} Y X
7 ! ?.h_k ;A‘E q - VY
H1 T <
W
|

® Possible other explanations:
Anomalous top production, RPV SUSY: e.g. ep = f = bW (no deviation)
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High p, Lepton Events at HERA

Example of Tau Candidate

tau candidate, P =39 GeV

P =396GeV PX=37 GeV M,=686eV
7 jet: collimated “pencil like”
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Isolated Lepton Resulis at HERA |

H1 1994-2000 Electron Muon TauPrel: W contrib.
E(Bip) = 118 pb~! obs./exp. obs./exp. obs./exp. et (7)

Full sample 11/115+15 | 8/2.94 4051 | 5/5.81 +1.35 || = 75(15)%

P& > 25 GeV 5/1.76 £029 | 6/1.68 £030 | 0/0.53 £0.10 || ~85(50)%

P# > 40 GeV 3/0.66 4013 | 3/064 4014 | 0/022 4005 || ~90(55)%

ZEUS 1994-2000 Electron Muon Tau W contrib.
E(eip) =130pb obs./exp. obs./exp. obs./exp. e (T)

Full sample 24 /20.6 3.2 12/11.9 206 3/0.4 1012 ~ 17(48)%

PX > 25 GeV 2/294046 | 5/2754021 | 2/024005 | ~50(50)%

P > 40 GeV 0/0.94 4011 | 0/0.95 4012 | 1/0.07 £0.02 | ~60(70)%

W contribution is NLO: Diener, Schwanenberger, Spira

= observed excesses in H1 + Zeus do not match channels

>
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Isolated Leptons at HERA I

H1 Collaboration (updated since ICHEP)

HERA lI: complete data sample HERA I+ll combined
Search for I+P.'|‘.1l55 events at HERA Il ( 53 pb'1 ) Search for I+P.'|‘.1l55 events at HERA (171 |:|b'1 )
N - L 102 |
E C @ H1 Data(prelim.) Ny,,=10 E = @ Hi Data(prelim.) Np,,=29
QO - [] All SM N,, = 6.1£0.9 QO - [] All SM N, =20.6t29
I.I:: 10 [ signal I.I:: - [] Signal
== ¢ 0=
! Ar —
|- | TRt
o . g -
107 107
0O 10 20 30 40 50 60 70 80 0O 10 20 30 40 50 60 70 80
X X
P> (GeV) e andyu channels P> (GeV) e andyu channels
- slight excess at high p - clear excess at high p *
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Updated Isoloted Lepton Resulis at HERA i

H1 1994-2004 Electron Muon TauPrel- W contrib.
E(eip) — . pb—l obs./exp. obs./exp. obs./exp. e (1)

Full sample 20/16.3 £2.2| 943 +0.7 5/5.81 +1.36 =~ 75(15)%

P& > 25 GeV 102.6 £0.5 | [6/2.5 +0.5 | 0/0.53 +0.10 || ~85(50)%

ZEUS 1994-2000 Electron Muon Tau W contrib.
E(eip) =130 p~ obs./exp. obs./exp. obs./exp. e (T)

Full sample 24 /206 432 | 12/11.9406 | 3/04 4012 | ~17(48)%

PZ > 25GeV 2/294046 | 5/2754021 | 2/024005 || ~50(50)%

W contribution is NLO: Diener, Schwanenberger, Spira

= combined electron+muon:
full sample : 29/20.6 £ 2.9 (74%)
P*>25 GeV: 16/5.1 1.0 (85%)
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General Search

Evenis
ObiQCis e. “’ Y’ V' jet .ID—£ .ID—1 .I 1D .ID.E .IUH 10-1
* Common phase space: , e LN PR T R |
- P_(object) > 20 GeV % ; = : g o
a % ] =]
- 10° < ©(object) < 140° = 2 =
- Isolation: R_(object) > 1.0 ——=_
» Consider topologies with 2 ==
or more objects ——a—
> Search for deviation from SM 2 T >
iy B :
HERA lI: no deviation frorn SM =
2’ =
. 0r iy | | o=
& = - %t E :'-p-f - . let '/
=] = a = = i-i- v e ——
= il = = I E e s T
E -+ b3 - | é ;a_l|_||_: _-ﬁ_’_—‘*
B e S |- il | |
+ a « = v [E :
- & = | o & CPTIP i | —s- H1 Data
= ._ ' = l:'.IJ.IJI_' E - i S\
q.'c_llllll bbbl bl 6 lmlmlll "'il";% :
ITI_--EIj‘;ifiiff:f%%%.%}_E%%? H1 General Search
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Magneiic Monopoles

* Dirac: Existence of Magnetic Monopoles
leads naturally to an explanation of charge quantisation

* Also predicted from theories which unify the fundamental forces

* Formation of a monopole condensate provides a possible mechanism for
quark confinement

Quantisation of angular momentum of a system with electric charge e and a
ronopole with magnetic charge g leads to charge quantisation condition (Dirac):

eg=nhc/2

> n=1= minimum magnetic charge g
» down quark: e = -1/3 = fundamental magnetic charge 3gD

* Dirac: nis even if particle has electric and magnetic charge
= fundamental magnetic charge > 3g_
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Magneiic Monopoles

* Heavily ionising magnetic monopoles produced in e*p collisons may
stop in Al beam pipe around interaction point

* Binding energy in Al is expected to be large Fluctuations not
= permanently trapped if stable reproducible

> Data from 1995-1997: 62 pb™', Vs = 300 GeV i

* beam pipe cut in long thin strips > f T / ' ' '

. <08 - H1 =
and analysed in 206 | -
Superconducting Quantum Soal -
Mechanical Interference Device  £oz2| . el g
(SQUID) I SRR A L
S E"” : - E
Sample E:E: ;: . ::n.ﬂﬂuaddata;
fixed to belt) Conveyor Belt  ———n - u é 4'1 é . é » .1|D. | |1|2| I
Long strip humber

LY -

E ”’{ssggslgr ottt — SenSIilve down fO 0.. ] gD

= NO Mmonhopoles were found
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Surnmary

> HERA performs a wide range of searches for physics beyond the SM
* No evidence for new physics found yet
* Limits on Lepton Flavor Violation and Leptoquarks
s Limits on Superlight Gravitino Production
° Limits on Magnetic Monopoles
» Still very interesting excesses in ejv + pjv by H1, in tjv by ZEUS
and also in recent data ejv by H1

= more lunminosity needed to solve “isolated Lepton Puzzle”

Outlook

> HERA provides now ep collisions (only =20 pb™' from 1998/99)

= interesting potential for more “New Physics frorn HERA”
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