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In spite of the great success of the SM we still miss an
ultimate theory (TOE) which would provide unification
of all the 4 known forces (gravity!) into a finite
(renormalizable) theory.

Therefore, new, BSM physics is expected at some
energy scale M,.

The questions are: what is the TOE and what is M, ?

Today only elements of such a theory are proposed for
experimental tests. In the present talk: some arbitrary
choice of topics addressed by two active colliders:
Tevatron and HERA.
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e Extra Dimensions

e Super Symmetry

e Z2°, Lepto-Quarks, Beyond SM Higgses

e Substructure (Contact Interactions, Excited Leptons)
e Anomalies

Frequently, the same event topology (e.g. high mass di-
leptons) allows to test several theoretical models

For M, the natural value is M., to unify gravity.

However this leads to « unnatural » fine tuning of scalar
masses (problem of hierarchy).

Some of the above topics present solution to this problem.
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Tevatron
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>3 times more luminosity than in Run |;
soon [ is 1032cm=s1 and counted in fb1

~ 200 pb1 and only most recent results from Run Il
reported here
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HERA HERA | Luminosity.
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Days of running

HERA Il will deliver ~10 times more
luminosity (at present ~70 pb)
+ longitudinal polarisation of e-beam

Results mainly from HERA |
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Extra Dimensions (ED)

e ED’s provide framework for unification with gravity (Th. Klauza,
1919)

e ED’s are compact since not seen (0. Klein, 1926)

e Compact ED’s generate replica of particles (KK-tower) propagating in
them

e In string theories, ED’s restore QM probabilities in the range [0,1].
 ED’s can be large (LED: R>>TeV-1) - if only gravity can propagate in
them

e LED can explain why gravity is weak: 1/G~M?,,~M_"*2 R" and can
solve the hierarchy problem: M_~M,,

e LED can be tested by gravity experiments (n<3) but also at colliders
through virtual effects or direct emission of KK gravitons (n>2).
 Smaller ED’s (R~ TeV-1) can also be tested at colliders (interference
of KK states)

* Randall-Sundrum model (1 small ED of size R~1/Mg,1 with a metric
damped by e*R¢ ) predicts graviton resonances (S=2) of k~1.
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Determination of M, of LED

Look for effects of virtual gravitons in high mass lepton (photon) pairs

(a) ()

d’c
dMd cos 0"
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Y M’

= fou t finlls +fKK77(2;

M A ==x1 (Hewett)
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*Select:

2 (and only 2) high pT em objects: pT>25 GeV
*Precisely determined vertex

eCompare:

*SM and instrumental (mis-ID) background
*Extract limit:
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Md (GeV)

Determination of M, from KK graviton emisson

Signature is Monojet + MET

KK

Events / 10

*Selection:

Leading jet pT>150 GeV
°2nd jet pT < 50 GeV
*MET>150 GeV

eLepton (e,u) veto
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Main Background:
Z(->vv)+nj
W(->Iv)+nj

Main uncertainty:
Jet energy scale
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Determination of M. of TeV-1-size (Longitudinal) ED

Fermions are confined in the ordinary 3d world.

Gauge bosons can propagate in 3+ brane of 8 compact ED.
*Look for effects of KK replica of gauge bosons in high mass
lepton pairs and determine the scale M. of ED.
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e Same selection as above +
trackmatch of at least 1 em object
Interference of KK states * Data is compatible with SM
*M_>1.12 TeV @ 95%
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do/dd {ph/Cev}

Search for Randall-Sundrum resonances
in high mass di-lepton states
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SUper SYmmetry

Symmetry of Nature for Boson<->Fermion interchange
Basic ingredient for unification with gravity (SuperString/M-theory)
The only nontrivial extension of the Lorentz-Poincaré group
Provides elegant solution for the hierarchy problem

Minimal extension of the SM: MISSM

every SM particle has AS = +1/2 partner
R = (-1)3B*+2L+S = 41 (SM); = -1 (SUSY)
2nd Higgs doublet is needed

~ o~

q,l < q,l

g<=8

.....

If SUSY were exact: only 1 additional parameter (p) needed
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SUSY is a broken symmetry since nobody has seen the partners

many more parameters describe breaking
with additional hypotheses they are reduced in the 2 models treated here

gravitation mediated (mSUGRA) model to 5 (m,, m,,,, tan, sgnpu, A;)
gauge mediated (GMSB) model to 6 (A, M_, N, tanB, sgnp, C__ ) parameters.

grav

R-parity is approximately conserved:

severe limits on B- and L-violating processes
SUSY partners are pair produced
LSP is stable (neutral and weakly interacting)

Basic signature is VIET (LSP), + multiple jets and leptons
from cascade decays

Main bg is t tb and gauge boson pair production

Small violation of R-parity is not excluded:

allows single resonant formation of SUSY particles
many more jets/leptons in final state
additional couplings (48)

At Tevatron both RPC and RPV can be studied

HERA is competitive only for RPV processes
PIC Boston, June 2004 E.Nagy: Searches for New 14

Phenomena at Colliders



The “golden” signature:
chargino (x,*) and neutralino (x,°) pair production

K‘a #E-#?_i.-*'“l [
The signatures exploited by DO: “\H : f,,f""-.;.}-' .- 8 ;
MET from X,° and v + ) ik
3 leptons (e,u,l/e,e,l) or o ;;}‘I = I
2 leptons (u, 4) of same sign f/" ? 4
)

DO has searched beyond the stringent mSUGRA LEP limit
and has chosen the following parameter region:

72<m, <88GeV;165<m,, <185GeV;tanf=3;u>0;A, =0

m,~m,~2m, *m.
X1 X2 X1 1
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e+ u +i

High quality, isolated

electron: p;>12 GeV
muon: p>8 GeV
charged track
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Search for ;| —>q+;(1°,g~j—>6|q;(1° in jet+MET

At least 2 jets:
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MmMSUGRA
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GMSB
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R-parity violation
Introduces 48 new L and B violating Yukawa couplings:

L=2A,LL Ex+2, L0, D,+2

1

’ .ijl.Dj Dy

with more leptons, jets in the final state

(a)

Single sparticle production and decay Decay of the LSP (x,°) - if fast,
depends on coupling A does not depend on coupling A
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Look for signal in multiple event topology (H1). Below an 1

exemple of the lepton-jet(s) inv mass spectrum ;’
No deviation from the SM -> Limits on A,;; and m,, m_,, tanf
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R-parity violation in GMSB (H1)

Signature: MET>25 GeV, and an isolated y (p>25 GeV)
1 event found, 2.55%1.30 expected
Limits on A'yjy, My sps M,

151
H1 e*p preliminary
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CDF: agreement of the high mass di-lepton spectra with
the SM is transformed into limits on A’ and m_,
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Z,

Z’ is predicted in several extensions of the SM
E; and little Higgs models are considered here

E, = SO(10)x U(1), = SU(5)x U(1), x U(1), = SU3)xSUQ2)x U(1), U(1), U(1),

Z'(0)=Z2,cos0+7Z, smb

0 [0° [90°]|37.76°|-37.76°

z\z, |z, | z Z

v X n
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Little Higgs

Proposes new fermions and bosons to solve the hierarchy problem.

Contrary to SUSY, here the quadratically divergent diagrams are cancelled by
the same type of particle (fermion-loops by fermion-loops, etc.)

Z, is one of the new bosons to cancel divergent boson loop.

Its coupling is parametrized by O.

CDF establishes limits on the mass of Z,, and O in both of ee and pp final states.

ee: M(Z.) > 800 GeV/c* for cotb = 1.0
u: M(Z ) > 755 GeV/c? for cotd = 0.9
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Lepto-Quarks

Hypothetical bosons (scalars or vectors) carrying both L and B.
Proposed in several extension of SM based on Q-L symmetry.
HERA is an ideal machine to produce 1st generation LQ’s.

No deviation is found wrt SM -> Limits on M, _, and coupling A
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ZEUS has also searched for tau’s in the final state:
Lepton Flavour Violation

e e e
L (1) #EUS (prel) o' p 99-00
F oeee i )

150 on 230 s IJUL'I . 150 00 250 ann

L S S B
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1st generation Lepto-Quarks at Tevatron

Dominantly produced in pairs of the same

generation (avoid topology of FCNC or LFV)

Production is ~independent of A
Final state is characterized by 2j+2I

lepton can be charged or neutral with BR
-> possible final states: 2j+2I, 2j+I1+MET, 2j+MET

2j+2e channel:
2j E;>20 GeV
2e E>25 GeV

Nevents/25GeV
(=]

Z-veto

S;=EZEJ+ZE~>450GeV |

0 data, 0.410.1 bg

2j+ev channel:

2j E;>25 GeV

1e E;>25 GeV
MET>30 GeV
W-veto: m;>130 GeV
S$,>330GeV

2 data, 4.710.9 bg

Nbre evis / 10 GeV

PIC Boston, June 2004

D@ Run Il Preliminary

A

Data
Total Bkg
Z/DY Bkg

g
- LQ (240GeV)

00 500 600 700
S, (GeV)

S, = E{EM) + E; + E.(i1) + E(j2) pour E, > 30 GeV

\ on..

I'I:.- ]
300 400 5

——Total Bkg
e Datasample

------ Signal 200 GeV

1 |
100 200

b 1
00 600 700 800 900 1000
S, (GeV)

E.Nagy: Searches for New
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4LQ
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q e T bess T
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Branching Ratio (LQ — eq)

p=

q——-»---LQ

(a) (b) (©)

™,

»LQ
BN

'

v

L0

LQ g, s+ IQ

LQ

(d)

(e) t9]

08

+L_D@ Run I Preliminary

06—

04—

02

ol o e by e B g Ly
T 140 160 180 200

P
220

PR
20

Scalar Leptoquark Mass (GeV)

DO M, ,, limits in GeV

B 01 |05 | 1.0
Runl | 110 | 204 | 225
Runll | 155 | 213 | 238
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o x (1-(pb)

10 ¢

Similar analyses of CDF - also

>2j (j12 central w/4 tracks)

Jets and MET shouldn’t be aligned

e/p-veto

MET>60 GeV
80<Ad(j"i2)<165°

124 data, 118113 bg
78<M, <117 GeV excluded

CDF Run Il Preliminary (191 pb '1)

10°R

——— CDF Upper Limit, 95% CL

Theoretical cross section (PRL 79, 1997)
------------- CTEQ5M, Q=m(LQ) -
CTEQ5M, Q=0.5m(LQ), 2m(LQ) £
]
5
g
@

78-117 GeV/&

Mo
80 100

W N T
120 140 )
Leptoquark Mass (GeV/c")

PIC Boston, June 2004

Search For First Generation
Scalar Leptoquarks

o ©
o N

o5
04
0.3

02

o:t.. .

Events/ 10 GeV

o ;
T PRIV RIS DI RSy N

+-—-CDF Combimed-Limit -

CDF Run Il Preliminary

50[-

- de1=191 pb”
40 — e« Data

[ ] QCD prediction
301 ] +SM EWK!/ i prediction

! B LQ(m=125GeV/d)
20[
10 +

50 100 150 200 250 300

Missing E | (GeV)

CDF Run Il Preliminary, 72pb-1

in the JJMET channel

CDF M, ,, limits in GeV

0.1 0.5

1.0

RunI 182

220

RunIl | 135 | 197

230

12U au o To!

2JU Ze

20 240

Leptoquark mass (GeV/¢2)
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— UL ‘ L | | LI | LR | LI | 1 ‘ L | | T T | LI | UL
'g_ 1 = Theoretical Cross Sections, Phys Rev Lett 79, 341, '97 |
= \ — CTEGMM.Q=M g 1
@
w L \ CTEQ4M. Q=05,2M
D -
i \ CDF upperlimit, 95% CL
10" = \ —2 events observed
" Search for 2™ Generation \
Scalar Leptoquarks, =1 :
10’ M,q > 240 GeV/c®
[
h L ‘ L I | | J_J__t | L1 | | i ‘ 11 | | I | | - | J_ i1

2nd generation Lepto-Quarks at Tevatron

2p p>25 GeV

2j E;"2>30, 15 GeV

Z-veto

Topological cuts (see Fig.)
2 data, 3.2%1.2 bg

M, <240 GeV excluded

CDF Run II Preliminary (198 pb )

#

|
i

160 180 200 220 240 260 280 300
Leptoquark Mass (GeWcz)

PIC Boston, June 2004

Pr(it,) + Pr(;) [GeV]
SE8E888

(A AR R R A LR R AR

AN SRl RN ET FE AT SRR AN SRR FE RN N

Kinematic sig/bkg discrimination

LIS LI LA L L L LB BB | TTT

Int. Lum = 2.5 fbo '
LQ m=220 MC

— DY,Top MC

ol:'l

50 100 150 200 250 300 350 400 450 500
E+(i,) + E(i,) [GeV]

G [pb]

- N

a N O
IIIIIIIIIIIIIIIIIIIIIIIII

=

o
o

D< Run Il Preliminary
B=BRLQ,—u)=10

NLO cross section

------------------- Error Band
---------- LO cross section
—&— 95% C.L. upper limit, B=1

o

140 160 180 200 220
M(LQ,) [GeV]

M, <186 GeV excluded (L=104 pb)

E.Nagy: Searches for New

Phenomena at Colliders
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Beyond SM Higgses

On the way to discover Hg, .-
... one may find BSM Higgses

* Neutral SUSY/2-Doublets: h,H,A
e H++/--

PIC Boston, June 2004 E.Nagy: Searches for New
Phenomena at Colliders



In some extensions of the SM BR(H->yy) can be ~ 1
(e.g. Fermiophobic or Topcolor Higgs)

3 D@ Run Il Preliminary

data = 93.0

bkgd = 52.4 +- 280
QCD = 42.7 +- 28.0
DY= 14+ 13
Yy= 83+ 0.6

M,, GeV

D@ Run Il Preliminary

15

Events / 8 GeV

I

: _; _+

=
50 100 150

M., GeV

™"

D@ Run Il Preliminary
ECEC

Events / 8 GeV
S o
—

M., GeV

150

data = 970

bkgd = 688 +- 458
QCD = 64.0 + 45.7
DY= 3.0+ 3.0

yy= 1.8+ 0.1

data= 410

bkgd = 208 +- 104
QCD = 13.1+ 10.0
DY= 6.7+ 3.0

yy= 1.0+ 0.1

PIC Boston, June 2004

Select 2 isolated photons:

p2>25 GeV

p;Y¥>35 GeV

Estimate background:
Instrumental, DY, yy
Determine limit on BR:
sliding window technique

E.Nagy: Searches for New
Phenomena at Colliders

B(h—vy)

e

o

i §

¥

D@ Run Il Preliminan

" benchmark

LEP \
L ; Js.. model
60 80D 100 120 140
(fermiophobic) M, (GeV)

D@ Run Il Preliminary

N

E MC prediction
; 21b"

60

80 100 120 140
(topcolor) M, (GeV)
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H->WW->2I+MET

ee (OS) channel:

p_|_1,2>1 2,8 GeV D@ Run Il Preliminary

o)
o
MET>20 GeV g o .DI.'EI- Fun 1l Prefiminary ’g“ H—->WW-—eefep/up
METsig>15 GeV'?2 2 A
Z p+MET>100 GeV 5w} T
12< M,_ < 80 GeV @
XT:'V::OS i ° 4" Generation Model
ee -

2 data, 2.710.4 bg

Topcolor

o
11}
|
et
©
e
Q
e
=
]
x
L

e (OS) channel:
p*+>12,8 GeV
MET>20 GeV
METsig>15 GeV'?2
Z'p+MET>90 GeV
M,™in < 20 GeV
Jet-veto
Ap,,<2.0

2 data, 3.1%0.3 bg

Standard Model

‘\I\‘\\I‘\\\l\\\l
100 120 140 160 180 200

Higgs mass (GeV)

2 CDF PRELIMINARY Run 2
—_————
o5% C.L. upper limits

"sq]eu

pM (OS) channel:
p2>20,10 GeV
MET>30 GeV
MET>10+0.75%p;' GeV
Jet-veto

Z-veto

Ap, <2.0

2 data, 3.1%0.3 bg

D@ Run I Preliminary

Entries/0.1

—_
T
|

olgg — H) x BR(H > WW) (pb)

Standard Model

10

TR T I T T N TS N SN SO S
140 150 160 170 180

1 2 3
Aoy, Higgs Mass (GeV/ic?)
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H,h,A (p)

p b
b

_ @

i
b b

Background:
Multijet fakes (estimated from data)
HF + fakes (estimated from data and MC)

99,99 — @ +bb — bbbb or gb — b — bbb

o ~tan?p

Select:

>2j E.1>20 GeV, E.%3> 15 GeV

with well defined vertex (>3 tracks)

Apply b-tag with SVT algorithm

€40g=0-75, €,,,,=0.51, € ., ,= 1/4¢,, ., fake=0.02

ctag

Bg is normalized to data outside the signal cs=n.
Limits for m,=m,(<135) or m,=m,(>135GeV) 8 150
and for tanp are calculated a
L
2 120 D@ Run Il Preliminary _.-I_‘
g 100 + . Data 100 "g
8 gol H Bkgd. Q
s m, =120 GeV g o)
G ool =
50 g MSSM Higgs bosons
a0} i bbo(— bb), ¢ =h, H, A
20
= I ey 80 100 120 140
m, (GeV)
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H++l" Predicted in L-R symmetric, Triple Higgs,
Little Higgs, etc. models

ot g Signature is multilepton (SS) events

. & At HERA one searched for multi-e events (in general):
H1 finds 6 multi-e events with M,,>100 GeV (0.5410.6 expected)
» HERA x No excess for ZEUS: 2 found (1.2%0.1 expected)
R 2 210 Zi_:— ® HiData 115 pb~! P ZEUSr R
5 Eid EZ Pair Production =10 z e
- (GRAPE) g 510 2| ® ZEUS (prel.) 5400 |
T B H 10 ze M : — GRAPE+NC+QEDC
: +Cm.]'l]:l‘lml:l 1 - NC+QEDC
e  LEP o 1 T- W i ;
: = i B 3e 2e
1 i 2 10 =
_r,‘_'.-.,_. iy "-—.é.' BrEe
3 W s v AN 2
/ 10 g a ne
/w e e e e
e e L 1o .4;;1?}'»‘5;"31":'?""'" S
/ 10 e 10 g e R O |
LN o & 100 20 40 60 80 100 120 140
\ M,, (GeV)
g M, (GeV)

-
However only 1 event of H1 .
agrees with H++/-- topolgy
Limit on coupling h_, vs M, |
TEVATRON e

150 0 =0
My (GeV)
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_ b) ' +data DO
r - signal _
selected events in the 2y channel: 10 - signal § bb
At least 2 isolated muons, pT>15 GeV

of same charge with A?<0.8 (anti-Z)

Events/25 GeV/c?
=
|
—
T E
o
=l
i
=
=
Events/(0.2 rad

Bg mainly HF and Z (wrong charge id) 10
3 events observed, 1.5:0.4 expected ma
10 & 7
Jii 3 V2 b : Z A
0 100 200 300 400 0 1 2 3

Di-muon mass (GeV/c’) A (rad)
selected events in the ee, ey and uu channels

Predicted background CDF Run 2 Preliminary
-1
F0.25 L ~ 240 pb
0251
Channel | Events - ; Mass CDF DO

x 02 Limit 240 pb*! 113 pb-!

ee 1.810.8 o I
-0.6 ‘go s :_ HL++ HR++ HL++ HR++

.

m 0.8706 a [ X ee 135 | ~102-113
— e I
O 01l -, Theory (L)
+0.4 I m 135 113 118.4 98.2
eu 0.97%4,, B
B \ - ep 115
0.05 - |11 e, T
: Theory (R) o
oeventsobserved 0_\I‘II\I‘IIII‘I\Irly‘l\I\ll\l\lllll‘l\l“l--‘l\
90 100 110 120 130 140 150
H™ Mass (GeV)
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Substructure of quarks and leptons

A possible substructure manifests itself by:
e Excited states of quarks and leptons
e Finite size of quarks and leptons

e Contact interaction of ¢g’s / I’s of scale A>>sqrt(s)

PIC Boston, June 2004 E.Nagy: Searches for New
Phenomena at Colliders

38



Excited Leptons at the Tevatron (CDF)

Contact interaction

Gauge mediated interaction

Select eey events:
E,°1,E{°%,E,¥>25 GeV
Z-veto

3 events observed

. Run=167866 Event=443088
N

» 2 Central Electrons (e, and &,),
1 Central Photon (y)

- T
(E4=165 GeV)

e, s e ¥
(E;=96 GeV) . |\j|E31l32 = 256 GeV
3 . M, =220GeV
(E4=73 GeV) * M, =64GeV
M, o= 344 GeV
PIC Boston, June 2004

Expected background events:

CDF Run Il Prliminary L =200 pb”'

Events /10 GeV

Source Events
Z(dee)y 256 +0.24
Z(dee)+jet 0.2470%
W(>ev)Z(>ee) 0.11+0.01
Z(> ee)Z(> ee) 0.038+0.004
Multi-jet 0,037

1w 0.015 + 0.005
Ty+et 0.008 9.9
W(-> ev)+jet 0.004 *000
Total 3.01° 23

—{.28

E.Nagy: Searches for New
Phenomena at Colliders

Z v + below

Zj + below
WZ + below
ZZ + bolow
Multljet + below
tt + bolow E
¥ yj+ balow
wj

DENOEOEO

200 400 600 800 1000
M, ., (GeV)

39



Excited Leptons at the Tevatron (CDF)

2 " CDF Run Il Praliminary 2 CDF Run Il Praliminary
a— E a— ¥ -1
. 10" IL-dt=2mpb'1 s 4| IL~dt-zwp|:

r - T
: 1“’ s _‘"_A=Man Th!ﬂry ] h —.—A=M‘_ 'rhenry
E —~—95% CLLimit | Z ——95% CL Limit
B 10"} ;
b b P

10 | 10"
1 1
10" [
L. . . 889GeV — @ - ] . : : ;
100 300 SO0 700 800 100 150 200 280 300
M, {GaV) M,. {GaV)
+ Contact Interaction Model + Gauge Mediated Model
< 1t ‘ I ‘ I ‘ ‘ I g CDF Run Il Preliminary ' L -dt =200 L)_b'1
N CDF Run Il Preliminary '.-;‘ _ CDFRunll
Ew 0.8+ J.L -dt = 200 pb : 8 107} ZEUS (1994-1997)
~ [ e H1
06} é 95% C.L. Exclusion Region
95% C.L. .|
04l Exclusion Reglon ] A - compositness scale
f - relative coupling
02l strength to SU,, 10
gauge boson
0 L ) ) ) ) ) ) ) B
200 400 600 800 2
M,. (GeV) %00 200 300 400
M.. (GeV)
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Contact Interactions

Deviation from the SM of inclusive ep->eX is parametrized as:

A I B y
L=—% > 2 nleareNa,7,45) 1y =021

2
A q=u,d o,=L,R

No deviation (ZEUS, H1) is transformed to limits on A:

ZEUS
10 12 QZEusgf;__n:;*-rev I'|'I'I'I'I'I'I'|:'I'I'I'I'|'|'|'|I
g% '::":f:t o= W A*=54TeV o H1 A {TEV;I i At {TEV}
= 10 10 o -‘f’:‘.‘l LL 1.6 ':— 28
1 s e-e . el 2 LR 1.9 ;_ 3.3
Contact Interactions Limits HL 2-0 |_ 3. 3
Frmid RR 2.2 e 2.8
10 e ZEUS98-99 &' vy e ; 3.3
) 7 AA E T —— 2.5
s 1 VA 3.0 e 2.9
LL+«RR 3.9 e 3.7
ST = RL+LR 4.4 seeeessessieeseemee 4.4
Contact Interactions Limits T B PO RN AP U N U RN B N O P A P P
5 0 5
T £A (TeV)
and also to limits on g-radius: ds  do™ = RZ
432. L
Rq<1.0 108 m (H1) iQ’ = i’ (1—?) ;  (for pointlike electron)
R,<0.85 1018 m (ZEUS)
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General search for deviations from the SM
pioneered by DO, here carried out by H1

Select events with at least 2 isolated objects: e, U, j, Yy, vwith P.> 20 GeV

T o
I i
i A I R e
,_',,c,l_,'_-a-e-e-e'!:':mcc_'__'.l.

T
|
=

— |
|

—
|

—

|
-

o
I
-

I=l=0=]

to look for large deviation from SM in M_, and > p,

HERA 1

Events
10" 1 10 10% 10°® 10*
i T "
— : + = 1
- i
= — =
i I 1 . i
=
= =%
= e | |
[l :
= LA
——a .
! ! »
= i [ i
E——
_3 : i
L .
—;—_}_ "f ) ! - H1 Data (prelim.}
= ===}
———— [ o

j-i-i i | : ! ;
L mF
e—j—j-j-jB= i i i i

H1 General Search

PIC Boston, June 2004

Events

—_ ry —_
— o [=) (o)
M w

—
o

Number of Event Classes

€ -]
. —e—H1 Data (prelim.)
= —__sM
E I Region
L P T S REN ST S N S SR RS P R
0 50 100 150 200 250 300

M, (GeV)

H1 General Search -- M, results

—e— H1 Data (prelim.)

—— WC Experiments
of
4r i-v
2f

0 05 1 15 2 25 3 35 4
A
-log P

Largest deviation
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HERA 11

Events
10* 10°
B‘IFFFF{I‘I‘II_

10 107
it W

102 107 1

Ji T s |
e-j :
H-j
v
e-v
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e-u
B
Fy
ey
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-y
I
e
H-v
e-e-j
e-j-v
p-j-v
iy
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vy
e-j-}j
| & o R
il
e-J-j-IH

1.

i

® H1 Data (prelim.)
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sSm

e
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H1 General Search (Heré-ll)
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Excess of isolated leptons at HERA

+ +x
€p— X | Summary Tables of all Isolated Lepton Searches at HERA-l |
B = MGRV RP ~ MGV = ey 1 isolated lepton (e , @
< 3 with high pr, p.i?is‘q, jet (p],)g) 1994-2000 ep Electron Muon ‘Tau (108 pb?)

i " 118 pb* | pbserved /| expected observed / expected observed | expected

Main SM - . Full Sample | 11/11.54 8/2.94 5/5.81

4l =iV PROCE=s. | PX>25Gev | 5/176 6/1.68 0/0.53
. PX > 40 GeV 3/0.66 3/0.64 0/0.22

. w o 19942000 ep Electron Muen Tau
Z“ q 7’\/\N\/\I\N\I‘< 130 pb? observed | expected observed / expected observed [ expected
H1 ) | Full Sample 24 /20.6 12/11.9 3/0.40
| PX>25GeV | 2/29 5/2.75 2/0.20
 PX>40GeV = 0/0894 |  0/0.95 . 1j0.07
ZEUS

1 [ [ [ T I T T T l i i T I [ T I T [
- Ky — Uz eXclusion region ZEUS 94-00

5 H1 events are compatible with
FCNC single top production:
o(ep->etX) = 0.29%0.15 pb
Alternatively, upper limit on:

M,,, =170 GeV )
M, =175 GeV

M,,,=180 GeV j

ktuv <0-27 @ 950/OCL i l:_ —> Excluded by CDF, M, =175 GeV o
ZEUS is compatible with SM: [ 1
limit on v, vs k,,, A Ky = iz = 0 ?
I: —a Kxcluded by 1.3, Mhp=|75(}c‘d’ ]
Is the tau excess of ZEUS a sign of stop decay o2 B
at large tanf? oL LT P i M
0 0.2 04 0.6 0.8 1
Kofury
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Conclusions

The performances of both Tevatron and HERA improve steadily
allowing to test experimentally many new ideas in the search
for an ultimate theory
Although some anomalies observed already,
no conclusive sign of new, BSM physics yet

More results are expected soon...

PIC Boston, June 2004 E.Nagy: Searches for New 44
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had time to present here

Acknowledgments for help in
preparing this material

to colleagues of the DO, CDF, H1 and ZEUS collaborations
and especially to
Elisabetta Gallo (ZEUS) and
Jianming Qian (DO)

PIC Boston, June 2004 E.Nagy: Searches for New 45
Phenomena at Colliders



PIC Boston, June 2004

Backup slides
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detector

The CDF upgraded
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The DO upgraded
detector

2T Solenoid
Fber Tracker
Silicon p-strip Tracker

Preshowers
Forward Muon
i = = Tracking+Trigger
i -
oH— mr

Beamline
Shielding
i |4 s | | =| Jual
" Central Muon =
Scintillators e
PIC Boston, June 2004 E.Nagy: Searches for New

Phenomena at Colliders

48



The H1 detector

PIC Boston, June 2004 E.Nagy: Searches for New
Phenomena at Colliders
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The ZEUS detector

PIC Boston, June 2004 E.Nagy: Searches for New
Phenomena at Colliders
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Extra Dimensions

PIC Boston, June 2004 E.Nagy: Searches for New
Phenomena at Colliders
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Highest DIEm Masses

Hun 177851 Event 28783574 Thu Dec 4 18:34:19 2003
ET scala: 228 GaV

AT az

Hun 177851 Evenl 2B783874 Thu Dec 4 18 3418 2003

E scale: 224 GeV

PIC Boston, June 2004

e = 475 GeV

e

co0s0*=0.01

>

MW =435 GeV
c0s0*=0.02

E.Nagy: Searches for New
Phenomena at Colliders

Gins: 400
Muran: 1,03

Run 175B28 Evenl 15382214 Wed Jan 28 18 15 22 2004

Ams: 112

Min: 0.00516

Max: 183
mE_t: 15.7
phi_t: 351 deg

Aun 175826 Event 15382214 Wed Jan 28 191522 2004

E scale 185 GeV
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Analogous study for stop (H1) assuming m_2>m_,
Doesn’t explain isolated lepton events -> Limits

on A,;, and m,

£y
. i
It ;
. .y
"\.
I
s ¢
T .
i! 3
11
J o
a)

g1
<
10"
El.ti<&t,9E <12
400 GeV < 1 < 1000 GeV
M, = 1000 GeV i
tan =10 -
H1 M, = 100 GeV
1072 1 1 L | 1 L | 1 1 1 | 1 1 1 | 1 1 1 | L
180 200 220 240 260 280
M, [GeV]
PIC Boston, June 2004

5 F T 2 T T T T 5 F T T T T T
] — = mp dat ] T = cp dat
Bl jel'y " channel EI.:"s'.\I'; e 1 Bul JUP™ chammel EL\'; e
ﬁ E = =200 iy stop 3 = _T_ = =200 iy stop
L {arh. o) {arh. wnrm.)
LF b 1F —
: HI1
w'E 4 W'
o W oy i —__ I 8
Wp™ s o0 130 200 250 30 Yo
M, |GeV]
a F T T T T T E a Pl T T T T T
Min jjjl'];m'i channel ;E-\]: data ] Ml E ed channel :!f‘_\l: data
é E - =260 Gze¥ stop 3 A = =260} (ze'¥ stop
£ 4nrb. nurm 1 g 4wl murm,
L H1
F ([N 3
o[ o)
' b
")Z L L i I I ]U" L I f 2l B
i k] W 15 200 250 3iM i ) 1 15 200 250 30
M., [Ge¥] M, [GeV]
; F T T T ‘ T T T | T T T | T T T | T T T T
8 200 - [ |Excluded in part of parameter space
=k | I Excluded
= F gy
180 V'y3y = 0.3
| 06<6.,60.<12
- 400 GeV < 1 < 1000 GeV
160 - ;- 1000 Gev
L tanf=10

E.Nagy: Searches for New
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140 H1

120

v b e by b oy

T T T T

100
180 200 220 240 260 280

M, [GeV]
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4 CF Fun 1T Preliminary (200 pb -I]

10 g
F —— o B 1 bk (95 %% O
[ £ § Ay T B B
D 5 570 GeV (#,)
= 610 GeV (7,) ]
= ¢ L 625 GeV J
= ) E
T ie
R L &
E’ 10" '
(=]
10"
i 750 Gev
3 (7 Sh coupling)
10 L
200 400 GO0 800
Z° mass (GeVic )
i
eel' B
SM COFE Bun Il Preliminary
CDF Run Lipb")| Mass limit @95%CL
A ('92-'93) 20 505
IB (('94-'95) 90 640
A (winter '04)| 200 750

(D0 Run II limit: 780 GeV/c?)

PIC Boston, June 2004

E.Nagy: Searches for New

COF Bun Il Prelimingry

LU 2" Wass limit @95%CL (GeVic)
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Excited Leptons
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Excited Leptons at the Tevatron (CDF)

» Contact Interaction Model
depends on M,. and A
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No published limits

» Gauge mediated model
depends on M,. and f/ A
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« L3: hep-ex/0306016, Zeus: hep-
ex/0109018, H1: hep-ex/0207038
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Multi-e events at HERA |l

H1 Preliminary Multi-electron Analysis Hera-I1, (17 pb~)
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