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Introduction

Two deep inelastic scattering processes:

kl
— Neutral current: exchange of y or Z°
— Charged current: exchange of W+
P 2 2 N2
Q" =-q" =—(k-k)
0’ pq
X=— |Y =7
2p-q p
Q2is the probing power
X is the Bjorken scaling variable s=(p+ k)2 Q2
y is the inelasticity
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Introduction

Hi Run 122145 Event 69506 Date 19/09/1895

IQ2 = 25030 GeV?, y —0.%6, A = 211 Gevl 5 = e e H1

e Liquid argon calorimeter

e Optimized for precision
measurement of
scattered electron

Y,Z

¥ = 21000 GeV

e v ZEUS

e Depleted uranium
calorimeter

e Optimized for precision

« measurement of

P hadronic final state

N ¢ F UGAL transwerse enargy
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Searches at HERA

Model dependent searches Model independent searches

e Leptoquarks e Events with isolated leptons
« Lepton flavor violation and missing E

e Excited fermions e Tau production

o Single top production e Multi-lepton production

« Doubly charged Higgs « Magnetic monopoles

o Supersymmetry e General searches

Limits from precision measurements
e NCDIS: Cl, LEDs, quark radius
e CCDIS: Right-handed weak
currents Topics in blue covered in this talk
(Inclusive measurements covered
by Eram Rizvi yesterday)
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Leptoquarks

Motivation: LQs appear in many BSM theories eq. Technicolor and composite models
e Scalar and vector leptoquarks carry lepton number L and baryon number B

e BRW classification: 7 scalar and 7 vector LQs (notation J; | )

o Define fermion number F = 3B+L (e*p F=0; ep F=2)

€ €,V (I""ITD e

e,v (ur1)
}‘11'
LQ
q q’ : M N g
s-channel u-channel

Production and decay
e Mg < E¢us resonant production (s-channel) in eq fusion
o Mg > Equs contact interaction style production (contribution from u-channel)

¢ Only first generation considered in production and decay (don‘t consider LFV)

e Consider following topologies: . Topology | SM Background

&+ it Meutral Current DIS
et — gxploit angular dist. of LG decay

v+ et Charged Current DIS
e Same final state =» interference with SM diagrams
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Leptoquarks: H1 results
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Good agreement between data and MC & no sign of LQs

= set limits on mass and coupling
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Leptoquark limits: H1 results

e 2005 ep data
e £ =92pb™

> F=2

L ) SR S S Ao [ P B T FL B S

1 H1 preliminary

— S, (e'u, vd)
. So,n (e’u) :
- 8,,(e) oY
R i oo .
S,, (ed, eu,vd) \éo K

10 Z

102E0

| | | L

!lll

1111
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M, o/ GeV

LI ) I
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| ELELEETL T AN S N N (L JGLE FEFL |

e 1% PR I

'Ill 1 1 Illlll[ 1 \ i

BV g
100 1
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| R SRR
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M, o/ GeV

Mass exclusion 276 - 304 GeV at the EM coupling scale of 0.3

Limits comparable to those obtained at LEP and Tevatron....
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Leptoquark limits

10
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H1 results compared to D@ and L3
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Contact interactions

Standard Model processes

€ €

€ €

For CMS energy less than process scale
=>» effective parameterization

e e

q q

Effective Lagrangian for vector eeqq
contact interaction:

LCI = 2 7726[15 | (anuea)(q[)’ )/Mq/j)

a,f=L,R

Four possible couplings for each flavor

=> Assume all u and d-type quarks have
the same contact interactions - 8
couplings
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Contact interactions

Couplings are related to new physics s
eq +4 1 -1 ~"urTfE-Ef;EHEFEH-TE’ st 1 walue
mass scale by: Nog =712 — oo 114" range
[TV} AT [TeW)
Many different models with different . | .. 4 s
helicity structures (see right) = | e .

Fit to NC DIS data yields limits on A va | o 1 ‘”

54 33
ZEUS X1 | ua e i85
w | 1z ® ZEUSS404c'D X5 | 51 - 4.5
o VW4 s A TEV ¥E | a3 e a1
b . -
= —aabpbun gy Y WY A= B3 TeV, Ui | sz —p— 5.8
=
= £ . e Uz a1 —_—— 52
L 1w e ux | 7a e 6.1
i oarmrwem el ol ol g el ol gl TR - 1 - . L., uq_ 5.1 — — LR
_ us | 62 —_—-— 50
Comlact Interactions Limits (prel.] UG | as R N ar
] d
] L] G iGaed LL a3 —_— 4.z
LR | 2n 45
m id e . ® FTEUS $8.05 [prellep BL | 23 B
g _ BA A =55 TeV ar | as B P 9.8
F TSR e m eeaTey 22 1 0 01 0z
!' . = = k.
= oA — . .- -
i i | +1/A° (TeV™)
. e AT -
- — . — e TP SIEEI T L,
Ty e 95% CLA =2.0-7.5TeV
Coelact Interpstions Limilts jpeal, |
1 . =» comparable to
n o " (Gev?

LEP and Tevatron
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Large extra dimensions and quark radius

In some models which predict large extra ZEUS
dimensions, contributions from graviton e | [ . . @)
. |: [ YL - . ,
exchange can contribute to the NC DIS cross 2 * MBI
= Dl
section. . =
P L L "
e
Describe by effective contact interaction type b Fxira Blmersians Limiss (arel)
parameterization: g2 ! o’ (gav)
nG = M; d B ib) * IEUSSE0S (peeljep
! Ba S T S
;.: - L]
Analysis yields: M>0.86 TeV T "
e = B S S S ) L] - L] :
Similarly search for finite quark radius, using Large Extra Dimenslans Lirits (arel. |
form-factor type analysis: o° (Gev)
2 " 12 - . {ﬂ_:l & FELS 8408 [peal] o @
M R? 2 z : Al = [0.67 10 "em)®
'I =1 |
R, is the RMS radius of the EW charge of the T PO TR R T S
quar|< 9 Rq < 0-67 X 10_16 am Quark, Madiva Lirits jarel,)
(or 0.67 X103 fm =1/1000 R, ;ion!) x . I
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Excited neutrinos

e Search for excited neutrinos
> would be proof of compositeness

o Topologies look like CC DIS but with
extra jets

e Consider: ep—vy, ep—eW, ep—vZ

e (Cross section in ep scattering much
larger than in e*p

Analysis of latest H1 e'p data (114 pb™) =

H1 Preliminary - Search for v —svy %0 KL Frelimingry =Scarch for y==eW 5 H1 Preliminary - Search for v —vZ_ .

0 F _
'E ® H1 Data (prelim.) 35 E ® H1 Data (prelim.) N ® H1 Data (prelim.)
g I All SM Processes C 1 Al SM Processes on - [ Al SMProcesses
30 C
L e'p, 114 pb" - e'p, 114 pb™ C e'p, 114 pb?
25F 15[~
20F B
155 10 | i
108 5
5 :_ | B |
- B 1
' I Ll L 1 [ Ll L 1 :I Ll I 11 1 1 I 11 1 1 I 11 1 I Ll L1 C 1] l 11 1 1 I ] 0 1 I 18] I 1 1 I _Y_
250 300 350 qSO 100 150 200 250 300 350 %O 100 150 200 250 300 350
M. (GeV) M.. (GeV) M. (GeV)
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Excited neutrinos

No signal observed 9 set limits on f/A as a function of M,.
(f=coupling, A=compositeness scale)

—h

f/A(GeV")

100 120 140 160 180 200 220 240 260

M.. (GeV)
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Significant improvement on previous results (10 x lumi!)

Improve on LEP results for masses greater than 180 GeV
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supersymmetry

Fundamental symmetry between fermions and bosons

— has many motivations which are well known (an attempt to
motivate in a few lines would anyway be too simplistic ...)

R-parity: R, =(-1)38+t+>
— If conserved only pair production of SUSY particles possible;
LSP is candidate for dark matter;
— If violated can produce single SUSY particles which can decay
to SM particles;
> Consider the latter at HERA

;

Wy =AuLL.E, +[);,-jkLl.Q j54+ AUD.D,

p

— Terms in super-potential:
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Supersymmetry at HERA

e H1searches for R, violating squark production in unconstrained MSSM
[Eur. Phys. J. (36 (2004) 425]

-300 < u <300 GeV |
70 <M, < 350 GeV
M, ¢p > 30 GeV imposed |

- (a) ¥
1 1 1.~ 1 1 | 1

100 125 150 175 200 225 250 275

(GeV)

squark

e Rule out squarks of all flavors below 275 GeV at 95% CL
for EM coupling strength of 0.3
e Presented here: new ZEUS analysis considers a constrained search for
stop quark in MSSM and mMSUGRA = = 2>
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Supersymmetry: Stop production (ZEUS)

e Assume stop is lightest squark (others set to 1 TeV)
e Stop decays directly to SM particles or to charginos
= Different topologies
e + jet € + many jets v + many jets

(b)

~ b
Ve N
L2 | u=-60GeV,N,=100 GeV ] 7‘131d

e Branching ratios _ _
M(75)=30 GeV, M(3})=50 GeV
> between three channels, LI 5 Totala<tanpeso)
cover large amount of
06 1™ T
phase space 0 e
* e-N]
= sum to ~80%, so good 02 Lo VI
0
coverage of phase space e ——
My (GeV)
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Supersymmetry: ZEUS limits

MSSM
e W = massterm-mixes Higgs
superfields Gl

1 m—

e M1, M2 and M3 = SUSY breaking o
parameters for U(1), SU(2) and =

ZEUS (65 pb™) e'p

SU(3). Assume related at the GUT ?:OS(S;N: e 5,

scale to relate M1 and M3 to Ma. _mcevqlz(m e g‘f“’e
o tanp =ratio of vevs for two neutral 2 < tanB <50 X

Higgs fields 0

L =65 pb7e*p scattering: NO SIGNAL
e Combine 3 decay channels to set

limits
e Weakly dependent on MSSM 10°
parameters |
o RUle out M<270‘28O at 950/0 CL for M Excluded in part of SUSY parameter space
EM coupling strength of 0.3 o B e R R
e For M>250 GeV, better than APV M+ (GeV)
results
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Supersymmetry: ZEUS limits

MSUGRA

More constrained model than MSSM
Extra constraint of common masses for
scalars (M) and gauginos (M, ) at
GUT scale

Five parameters

- Myand M,

- tanf

— Sign of u

- A, (common trilinear coupling)

1/2

Set limits in the M -M, , plane at fixed
values of the other parameters

= Masses below 260 GeV excluded in
large part of the parameter space

Assume common mass M= M =M, ,
and set limits in M-tanf plane

= Rule out tanf <45 for M<135 GeV
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Supersymmetry: Comparing ZEUS and DY

Tevatron limits on s 4 BN
=29 | R 1 [

leptoquarks as a function of N il -
the BR to eq can be converted o " w7 o] gtV
into stop limits [ref]

-2

g
(]

10 LEUS (65 pbl)e'p 10 :
100 < N, < 140 GeV 1100 < M, < 300 GeV
/\/\SS/\/\ 3 -300 <y <300 GeV (a) 3 . -1%0<u <150 GeV (b)
10 10 : :
S 150 200 250 150 200 250
— ZEUS limits better for lower > BIT}GeV) MT’(GQV)

values of M, and u

—

— At high valuesof M, andun <=1
DY limits are competitive

-1
10
-2
MSUGRA 10
— ZEUS limits better 5] Bowmay i ©
10 :
150 200 250
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Events with isolated high-P; leptons and P ™'ss

Event topology
e High-P; lepton (e, u,t)
o P, Mssfromv

e Jetinsome events (P T s EEt
e e . e.
Y,Z ¥
q Z
W Backgrounds
q | « NCDIS: Real lepton and fake
SM process ep—eWz(—v[)X meiss

e« Real W production with

_ e CCDIS: Real P:™sS and fake
leptonic decay

lepton

o Soft hadronic system « Lepton pair production: Real

e Cross section ~1 pb lepton and fake meiss
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Events with isolated high-P; leptons and P ™'ss

1+P"'** events at HERA 1994-2006 (e'p, 384 pb™)

Events
]

—
[

LI lllllll

| 0 | IIIIHI

@® H1 Data (prelim.) Np..,
== All SM
[ ] Signal

=50

N, =48.1+6.7

llllllllllllllllllllllllIllll]lllllllll

10’

Clear evidence for W production
at HERA (70% signal).

Dependence on

lepton beam?

Look in more detail in e*p/ep

scattering =

0O 10 20 30 40 50 60 70 80

PX (GeV) e andp channels

H1 e*p data Electron channel Muon channel Combined

94 - 06 (384 pb ") | obs/exp (signal) obs/exp (signal) obs/exp (signal)
Full sample 37/38.1 £ 5.3 (68%) |13/10.0 +1.5(81%) | 50/48.1 = 6.7 (71%)
PX> 25 GeV 13/6.9 £1.2(67%) |7/6.0 £1.0(78%) |20/12.9 *2.1(72%)
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Events with isolated high-P; leptons and P ™'ss

1+PI'* events at HERA 1998-2006 (e'p, 184 pb") 1+PI"* events at HERA 1994-2006 (e"p, 200 pb")
2 2
c 10° ® H1 Data (prelim.) Np,..= 18 c 10’k @ H1 Data (prelim.) Np,..= 32
(7] = Al SM Ngy =244 £3.4 O FE= AllSM N, =23.6£3.3
u>_l l:l Signal u>_l - l:l Signal

ll"f‘ LI llllll'

10"

0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80

PX (GeV) e andp channels PX (GeV) e andp channels
PX> 25 GeV Electron channel Muon channel Combined
H1 e p184 pb ™ 3/3.8 £ 0.6(61%) 0/3.1 £ 0.5 (74%) | 3/6.9x 1.0 (67%)
H1 e*p 200 pb ™ 10/3.1 £ 0.6 (77%) | 7/2.9 +0.5(84%) | 17/6 1.0 (80%)

ZEUS ep 204 pb™" |5/3.8+ 0.6 (55%) 2/2.2 + 0.3 (86%)

ZEUS e*p175 pb ™ 1/2.2 = 0.3 (75%) 1/2.3 + 0.4 (78%)

Excess at 3.30 level seen at high P;X by H1 in e*p scattering (none in e’p)

Not confirmed bx ZEUS analxsis.... Studx differences =»
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Events with isolated high-P; leptons and P ™'ss

Compare efficiencies

Generally H1 more efficient

due to larger range in 0
= Not huge effect

= Ongoing work by ZEUS

to improve 0 range

Most H1 events within
ZEUS acceptance

Efficiency to detect e+PT

™S events

Nrec./ Ngen.

0.8

LA B N B I

— Hi1

ZEUS

Calculated for the SM process:
ep—-eWX, W—ev

Generated Phase Space:
P{>10 GeV, 5<0, <140

ZEUS events (prelim.) 379 pb™'

W

R TITARRTUA A )

0.4

0.2

LI B R B

WOV \2
H1 events (prelim.) 384 pb™

.
1] E

e v e by Ly

Nrec./Ngen.

0.6

0.4

0.2

0.8

Efficiency to detect e+P:'iss events with PX>25 GeV

LN LA N L B B B

— Hi1
ZEUS

Calculated for the SM process:
ep—-eWX, W—ev

Generated Phase Space:
P?>10 GeV, 5<0, <140, P>25 GeV

ZEUS events (prelim.) 379 pb™’

H1 events (prelim.) 384 pb™"

Wb W W

o 9 distribution (gen.)
" (arbitrary units) :
Wy :

e b b b by Ly

HERA Exotics Working Group

PR A TN TSN R N

Efficiency to detect '“'"PT

™ events

PO B T e
100 120 140
6, (deg.)

20 40 60 80

Efficiency to detect u+P:'iss events with PX>25 GeV

g r— H1 Calculated for the SM process: 4 ¢ | —— H1 Calculated for the SM process:
Zm 1 ceeees ZEUS ep—>eWX, W—uv — S 1 sseass ZEUS ep—~>eWX, W—uv —
\d : G“enerated Phase Space: ] Ed : Generated Phase Spage:x> ]
. + | ZQ | P;>10 GeV, 5<0, <140 i @ | P;>10 GeV, 5<0, <140, P >25 GeV |
H 1 excess l n e P a P UZZ | e ' O'ST ZEUS events (prelim.) 379 pb™ ] = 0'85 ZEUS events (prelim.) 379 pb™' ]
i i [ "Hievents (prelim.) 384 pb" . [ H1 events (prelim.) 384 pb" i
=> Fluctuation or new physics? | fgentseremsam 1 e ]
= Collect more e*p data : I N T :
0l oal o fe B
...combined working group I ; ¢ o oo |
. 0.2~ 0.2/ ' _
for high-p; leptons and : - _
-— L 1 11 | 11 1 11 1 11 1 I —‘l {L { ek e e ]

other channels! % %2030 s0 80 100 120 140
. e_u (deg')
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Multi-lepton events at HERA

Search for multi-lepton events at high P;

= Production of di-lepton and tri-lepton
events is sensitive to new physics,

especially at high masses H1 Preliminary  Multi-lepton
3 =
H1: £ = 275 pb™ %10 O (£= 156 pb)
ee, uu and eu; eee and euu channels u>11°2 = 243 leptons
¢ combining all channels :
e forXP;>100 GeV 10
e ine*p.... E =$;—T—r
observe 4 events where 1€ |
SM prediction: 1.1+ 0.2 :
107F
ZEUS: £ = 296 pb ™ N
2 No excess observed by ZEUSineeand 0 20 40 60 380 100 120 140 160 130
eee channels > P; (GeV)
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General search for high-P- phenomena

Model independent generic search in final states with
two or more high-P; objects

— Consider e, u, y, v and jets with P->20 GeV and 10°<0<140°

— Classify exclusively

H1 General Search e'p (159 pb")

by final state RN ~pu
. . o ) ata (prelim
— SM predictions for @ 1o* = HERERAIEIT |
SM
all HERA processes u Py AT T I E—— *H. ...............................................................................
considered i1 I ] —— <t I
— New analysis based i Mha .
G + H & A _#
on 159 pb™ e’p data SELARHAAA R 4+ R Pl L
}-
i m .....
L Te T e
TTELJILLETETE E fEEEEE
Good description of event yield in most classes -
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General search for high-P- phenomena

Perform Statistical Analysis to find all possible deviations in channel

spectra of M, (total invariant mass) and 2 P, of objects in class
In each spectrum, find region with lowest probability p...
Plot probability p for deviation p < p.,,,, anywhere in class

=> p > 3% for all channels

H1 General Search ep - © P; Scan " H1 General Searchep - M,, Scan
9 o =
ﬁ ® H1 Data (prelim.) ﬁ L ® H1iData (F'Jrelim.)
L —— MC Experiments X —— MC Experiments
(@) O 10E
e 'E -
;
“u;l ..ull 1 - _l_
o [}
2 2
E E
3 310
= = j
PRI I I o T O o o i e I | | va v e i b s e by
: 2 25 3 . 0 0.5 1 1.5 2 25 3 .
-log -log

No significant deviation from the Standard Model...
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Summary and Outlook

New results on

— Leptoquarks

— Compositeness

— Large Extra Dimensions

— Excited fermions

— Supersymmetry

HERA results competitive in most areas and
complementary in others ...

Interesting excess/fluctuations
Still more HERA Il data to come...
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