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SUSY at HERA ‘

Collider and Experiments G. Brandt] @9~

DESY
<)
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HERA's Unique Sensitivity to RPV SUSY @

Squark Production at HERA ?he energy f,.o,,t,-e,-\

* ep initial state disfavours g pair e , before LHC...
production k"k
* Sensitive to resonant g production L © LEP ©
with RPV coupling A" ~
SR q q HERA
Wepy =A ijkLinDk

\ P TeVatron [_3 Y,

« Unstable LSP

« High-P_ Isolated Leptons
- High-P_ Jets
« Missing Energy

Final states
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Search for Leptoquarks Sugztf:fﬁ@

» Leptoquark Models explored in B-R-W Framework: 7 Scalar LQ, 7 Vector LQ
« Two 1. gen. leptoquarks compabtible with squarks decaying via RPV

Sl/Z,L U-type squark SO,L D-t;ip')e ~squark
e+dA—'1j>lﬁ. —e' d ¢ u A—icik’R—)e_u
j,L o —+¢jk’R—ewv‘i
- Sensitivity at ... _
Low Masses MLQ: v Sep X =300 GeV High Masses

kinematic limit

e\\\\\\'/////a
C .
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Lo N\4@)  LQ
q X
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s—channel

. Contact interaction
Resonant Production
u—channel
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Background from the SM: NC and CC in DIS Suggtr:nﬁ@

* Neutral Current and Charged Current
described to very high Q2

« Same signature as 1. gen. Leptoquarks

* Irreducible background

» Look for deviations from cross section

HERAIII

oﬂ‘—h g T | T 1T T | | | [ | R AT T I I I E
> g .
Q - % H1e'p NC03-04 (prel.)
0 1 0 E- A HiepNC =
B = ep 2005 (prel.) =
o C O ZEUSe'p NC 2004 N
o~ E © ZEUS e'p NC 04-05 (prel.) =
) ) % = SMe*p NC (CTEQ6M) =
4 .y I' h"'"h. ~ 2 o
: 5.‘ i & 10" —— SMe’pNC (CTEQ6M)  _|
o v X © =
1035 * H1e'p CC03-04 (prel) “i_i 3’ 7 =
= A H1epCC 2005 (prel.) . ;
- = ZEUSe'pCC2004 -
E e ZEUSep CC 04-05 (prel.) ?+ y =
10 I SM e*p CC (CTEQSM) N
= —— SMep CC (CTEQ6M) =
E y<09 3
- P, =0 =
10—7 — | | 1 ) I | 1 | | I T T I | I 1 | Ep—

10° 10°
Q? (GeV?)

5/12



Limits on Squark Mass from Leptoquark Search

Leptoquark Search, HERA I+lI

« Reconstruct > 10 >
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Leptoquark Search, HERA I+l (449 pb™)
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Leptoquark Search, HERA I+l
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Lepton-Flavour Violating Leptoquarks

Events / 50 GeV

» Probe off-diagonal couplings
« Recent update for 2" generation

A

Hqg

- !
=A 2ik

« Look for ep — u X
2 0bs. /2.2+0.6 exp.,
« Set limits

Search for Lepton Flavour Violation
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Search for Lepton Flavour Violation
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Isolated Leptons SU%Y-?;"E;?@
)

» Search for events with
Isolated Leptons (P, > 10 GeV) and Missing Energy (P, > 12 GeV)

C,“,’C E-I- +
Many Ideas | <
eg.: . y SM: ,

T oeeoox” W Single W
* bosonic t T v Production
« FCNC top <
A q g

- Interesting events at high hadronic P_.X > 25 GeV observed

» Overall: Good agreement with SM, Measurement of Single W Production
e, + P:““ events at HERA I+l (eTp, 0.97 fb")
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Search for Anomalous Single top Production SU%Y-?r:nEJ?@
)

- At high P * isolated leptons signature compatible to

anomalous single top production via FCNC

- Study using effective couplings K, _, v  Reconstruct top in isolated

tuZ

. SUSY one possibility leptons samples
* No significant excess observed
Exchange of slepton?  Set limits
S H1 Preliminary (HERA 1+ll)
=
1k » Excluded
» Excl. by ZEUS
—» Excl. by CDF
................................. CDF Note 9202
N Br(t->Zq) < 3.7%
‘\_.. Excl. by L3
107
i Koy = Vez = 0
i m = 175 GeV
1 L1 1 I I 1 1 1 1 L1 1 I
10 1 |k

uqu

HERA Limits on K, explore new domain
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Search for Isolated Tau Leptons SU%Y%ﬁfQ@
‘o

SM - Lepton universality: tau leptons produced like e / u
SUSY - RPV couplings connect different generations
- In many scenarios LSP T1 — TV
Search for isolated tau leptons at HERA T+ Py events at HERA | + Il (e'p, 471 pb)
-IE @ H1 Data {prelim.) Npg.= 20

Look fo; haqtlﬁgi%ii-prong tau-decays g 10° o~ Now = 19.5% 3.2
N events With ¥y L At high P.X > 25 GeV:
« High P_ > 7 GeV 10

1 obs./ 1 + 0.13 exp.

- Narrow Jet R, < 0.12 e

« Exactly one track

o

107
» Challenging hadronic environment 10° % //%//m,
* Small tau production cross section in SM 0 10 20 30 40 50 60 70 80 90 100
(W Production 1 pb?) PX / GeV

« Expectation dominated by CC background T
« H1 HERA I+1I:

No sign for (enhanced) ZEUS HERA-I:

tau lepton production 2/0.2+0.05 at P.X > 25 GeV
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General Search 5“5257‘375'55@
)
Look at many final states with objects at high P. > 20 GeV

Events Events
* Good agreement 102 100 1 10 102 10° 1¢* 10° 102 10" 1 10 102 10° 10* 10°
in all channels e s e i i TR B 3 i frr g
e E__ : | : ! 3 ej E i i i i — 3
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channels e F— —3 e p eef { e—p
e E— % L Ghp L % 5
e Interesting wWE W% uE %
events ey 1 jr E ]

found again [y ) N S N —— eYp T}
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* Data ool =+ | eHE 3
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Summary

« HERA - a unique testing ground for RPV SUSY at the energy frontier

» Look for deviations inclusively: LQ, CI, ...
« Many topologies covered: Leptons (incl. Tau), Jets, MET, ...

* Signhature Searches or Phenomenological Models covered

Good agreement with the Standard Model

Outlook

» Dedicated SUSY Interpretations and Parameter Scans underway
« Exploit full HERA data and do H1/ZEUS combinations
SUSY Searches at HERA an active field

Expect improved, significant constraints on SUSY from HERA ...
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Reminder: SUSY Searches in HERA-I Data
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RPV SUSY Parameter Scan

MSUGRA

Stop decays

Search for gauginos
Search for gravitinos

SUSY at HERA 'y
G. Brandt [ A\ J.4
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RPV SUSY

« R-Parity

R =

P

e Unstable LSP

(—1)"**%  violated

« Proton stable: One non-zero couplingA 'l-jk

WRPV:A’ijkLinDk

Names spin 0 spin 1/2 | SU(3)c, SU(2)p, U(1)y
squarks, quarks (i dp) | (up dp) (3.2, 1)
(x3 families) ur, ul (3.1, -2)
s, d} 3,1, 3
sleptons, leptons (v er) (v er) -3)
(x3 families) €h eTR , 1)
Higgs, higgsinos (Hf HY) | (Hf HY)  +3)
(HY Hp) | (H) Hy;) -3)
#
Names spin 1/2 | spinl | SU(3)c., SU2).. U(L)y MSSM
gluino, gluon g (8,1.0)
winos, W bosons | W WO | w* wo (1,3,0)
bino, B boson B (1,1,0)

Names Spin | Pr | Gauge Eigenstates | Mass Eigenstates
Higgs bosons | 0 | +1| HY HY Hf H; | h° H® A" H*
Uy, UR JL JR (same)
squarks 0 —1 51, Sgr CL CRr (same)
tr tr br br t1 to by by
€1 €r Ve (same)
sleptons 0 | —1 AL iR Uy (same)
TL TR Vr T T2 Ur
neutralinos | 1/2 | -1 | B® W° HO f[g N, Ny N3 N,
charginos 1/2 | -1 Wt HY OH cE CF
gluino /2 | -1 g (same)
A G (samno)
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Leptoquarks and SUSY

Q.

« BRW Models: 7 Scalar, 7 Vector LQs
» Certain Scalar LQs correspond to squarks

k,R

e-p e+p
F =2| Prod/Decay | . | F'=0| Prod./Decay | [,
Scalar Leptoquarks

Sop |erur—eu|1/2| S | epur — etu| 1
—vd | 1/2

Sor |egur —eu| 1 | Siar erup —etu | 1

go’pt epdr — e~ d| 1 efd, —etd| 1

S | epdp —ed| 1 51/2,1, ehdp —cetd| 1
e ur, — e u | 1/2
—vd | 1/2

SUSY at HERA ‘\¢/
G. Brandt DESY
<)

A'nka —
eu—dyg—e u
11k "~

eu—d, ,—vd

!

1j1 ~ +
eu—i;  —e d

Generic LQ couplings A’
correspond to W_,,, coulings A’
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Isolated Leptons at ZEUS

SUSY at HERA ‘\¢/
G. Brandt DESY
<)

arXiv:0807.0589
Isolated Lepton
. P <12 GeV 12 < P < 25 GeV P > 25 GeV
e Channel Candidates
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LQ/SUSY Limits from Contact Interactions SU%Y-?r:nEQ@

- Measure NC DIS Cross Sectiond o/d Q2 ZEUS

» Fit to extra terms on Lagrangian for LQ/ Cl 7 S « ZEUS 9404 ¢'p

— S1/2 M/2.=0.88 TeV 7
--- Vi, M2=046TeV, .-

o

N/NCTEQSD -

103 104 Q2 (GeVz)
P 1o [z "o ZEUS 98-05 (prel)ep -
I R VL M.=1.91 TeV -
5 B 78 4 At == RN St M/.=0.74 TeV
. Neutral Current (ep — eX) Z
(\T>\ 10 § T T T T TTT | T T T T T TTT I Z
gig’ 102 H1 ° H1HERA I+l e*p (prel.) 1
8 f s H1HERA I+l e p (prel.) N T
o r
o~ 10F H1 2000 PDF e*p MLQ >N S o
% —— H12000 PDF e™ p L:mlts on Heavy Leptoquarks (prel.? l
B 1 §_ | " | | | | | | L | a | |
S : 10 10 Q? (GeV?)
10" ¢
102 — E
r ] /
10° y<0.9 E M~ /ALQ—M /A 1J1 >096 TeV
c P.=0 ] 1/2 L
O §=319Gev 3 I>%CL
C - ] !
1 Mg IXN,=M; (A7, >044Tev
E 3 k R
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Multi-Lepton Events SU%Y-?;"E;?@
<)

Study multitude of lepton topologies Multi-electrons, HERA I+l (e"p, 0.94 fb™)

_ 0
A Pp=061GeV
M12 [GeV] 19/12

ee(e_),’ uu(e)’ .eu, eeu, o . H1+ZEUS (common phase space)
» Sensitive to exotic resonances like H+* ® Data (prelim.)
in L—R symmetric models / SUSYLR SM |
« Combined H1 and ZEUS results for ee(e) L2 M Signal g
 Overall good agreement with SM S
« Some intriguing events observed at %
high P_/ high inv. mass —t— =
/% :
L
H1 P = 2.8 GeV / ' | T
020 40 60 80 100 120 140 160 180
Multi-Leptons at HERA (463 pb") L P [GeV]
. S 140—H1 3leptons |
Ps =63 GeV . 8 e
. " >, 120 @ H1 Data
T | | 7 | - [ Lrne=1000X Lpags
..... H]m | 7 | o L o
R _ | = I PN :_ |
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