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49 Parallel Session Talks

= Very busy session with large attendence:

— 25 experimental talks

« 5 HERA

* 9 Tevatron

e 7 LHC (see talk by O. Buchmiiller)

2 Belle/BaBar o

- 1 NA4B e e s onysis
— 24 theory talks (see talk by G. Giudice)
— Conveners: Volker Buscher, Jose Espinosa, Emanuelle Perez

= Focus on results since ICHEP’06

— Apologies for not being able to cover all the

results! Many thanks to: H. Abramowicz, C. Diaconu,
Y. Gerstein, J.-F. Grivaz, C. Hays )




The Standard Model and the

Standard Questions We Have

What is the origin of electroweak
symmetry breaking?

— |Is there a Higgs boson?

— WHERE IS IT?
1 p = What is the Dark Matter?
boien — Is it produced at colliders?
= Is Nature supersymmetric?
= Are there new dimensions of

space?

= |s there anything maybe that
nobody has thought of and no

one has looked for and we
missed it?

=Hierarchy problem:
—New physics should be at the TeV scale! 3



High Energy Colliders:

Tevatron and HERA

Tevatron Run II HERA Run I+11
JLdt =3 fbl/exp JLdt = 0.5 fb1 /exp

Vs=1.96 TeV




Model-independent Searches




HERA “Isolated Leptons”

= Longstanding excess from
HERA Run | e*p data
(JLdt~100 pb):;

e*p data H1 ZEUS
P-X>0 19/14 .4 36/32.5
P*>25 GeV 11/3.4 715.7

= Main SM contribution from
W production

= EXxcess concentrated at high

p+* and only present in H1

= ZEUS and H1 had quite
different selection cuts

[talk by D. South]
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HERA 2 “Isolated Leptons”

e,u+ P events at HERA I+l (e*p, 0.58 fb”)

= Use full HERA 2 luminosity

% - @ H1:ZEUS Data (prelim.) N =57
E= 4 sM Data
— Just 3 weeks after end of HERA! 10 Nqy = 53.1+ 6.4
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= H1 still sees excess (~30) and o% (GeV)
ZE U S d oes not ?,u + P’T“‘ss events at HERA I+11 (ep, 0.97 fb")

- ® H1+ZEUS Data (prelim.)
. =87

[7}]
. L] : = NDal
— Consistency of experiments: 20 2 el Noy = 9274112
— Combined significance of excess 1.8o0 '

= Excess will remain unresolved
— Unless other collider sees something...

= On the bright side there is now a nice
sample of 87 W candidates in e*p data

HERA Exotics Working Group




Flavor Changing Neutral Currents

Events

O =2 M O A~ OO OO N O
0 0 O O L L

wv]

Events
S
__¢_

W0

L L Iihgqébdt : .251
: : M, .,/ GeV
= Possible explanation: ’ _
_ ep %t+x - |Vb+X :\E H1 Preliminary (HERA 1+1I)
Y . » Excluded
— Requires flavor-changing neutral current 1: B
= Optimized selection using likelihood | | A
discriminant - '\| s el by coF
— Data seem not consistent with this — Excl. by L3
hypothesis |
" |Ky,|<0.14 at 95% CL hl: e

[talk by D. South] 10° 1K, 8



FCNC: t—>Z+q

Standard Model predicts:

— BR(t—=Wb) > 99%

— BR(t=>qZ) = O(10-14)

Select events with 2 leptons and 4
jets:

— With or without b-tag

— Use y? estimator to assess kinematic
consistency with top production

Data consistent with background :
eStl mate 15 :— Tagged
— Main background: Z+jets production ' Selection

Result: FCNC Sigm%f—
B (t — Zf}) < 10.6% @ 95% C.L. 5 ;_E, /l
[ o

= |V

0
2 4 6 8 »
X
[talk by A. Harel] SM background 9

CDF I Preliminary
[Ldr=1.12 fb!

Entries

20 F




Generic Searches: H1 and CDF

H1 General Search, HERA Il etp (178 pb™)

= Compare datatoSMin  g"RAf ]
“all” event topologies, e e
e.g.: 1 —
— ee,eu...eutyb... | m— ﬂ

= Data in good agreement with CCDF Run i Praiminary (927 pb) ndertow 8
Standard Model in overall or o

event count B o0
©

— H1 looked in 99 final states i sl

« both e*p and ep data 2 I

> 20—

— CDF looked in 344 final states

0 2 6

(Ndata_NSM)/ 0 10

4

[talk by A. Schéning]



CDF: Test of distributions

I~ .. -1 . ® CDF Run Il Data
3000 | CDF Run Il Preliminary (927 pb ) Entries 16486 3j ZpT < 400 GeV B Other
— [ Overlaid events : 0%

I~ | CDF Run Il Preliminary (927 pb ) | ] Pythiay|: 0.1%
(7)) - i [ Pythia bj : 4%
< L " 3000 [ Pythia jj : 95.9%
@] = ®
e - g i
E 2000— u>J i

°
= - . 2000_—
0 I 5 - ..
Q i g -g i ...... o =
® =
S 1000 £ S 1000 *tece,
L - o = - o,
> L > | ® oy
1 ; ...H
B L Of 1 L I 1 1 1 L ‘ L 1 1 1 I 1 1 1 L l.l.' 4‘
0 . ce b g | 1 2 3 4
-10 -8 -6 -4 -2 0 2 4 6 8 10 AR(j2,j3)

KS test o

= Analyse ~16500 kinematic distributions using Kolmogorov-
Smirnov test

= Some disagreements in kinematic distributions

— but appears to be due to QCD mismodeling and not due to new
physics

11



Global Search for Excess at high p+

= Evaluate most discrepant w-j-v
tail/region in ) p; distribution 1 (.
— H1 uses also inv. Mass of all objects

= Found no significant discrepancy
— Excess in most discrepant distribution is

not significant | Jin .........
.- . . . 100 200 30
= Only sensitive if new physics is > P, (GeV)
large and at high 5 p: T
— Useful for looking for the unexpected ./ "Pr. v e TETRER
: ” : & 9 v e
— Typically less sensitive than dedicated £ c—enitu ™
analysis, e.g. at CDF g
« WZ production: = °F
— Would need O(10) times more data for 50 2:
discovery A3
« Z production 2
— Would need O(2) times more data for 50 e
discovery at ~250 GeV % 50 00| 150 200 250 300 350

GeV
117 Lp (GeV)



Supersymmetry



Supersymmetry (SUSY)

Standard particles SUSY particles
Hiz5%
' ~ Y
P P P
G N T
Ounrks 0 Lirplons a Forco partches Squarks Sloptons gy SUSY borco

parbches

= SM particles have supersymmetric partners:

— Differ by 1/2 unit in spin O
(squarks, selectron, smuon, ...): spin O :
« Gauginos (chargino, neutralino, gluino,...): spin 1/2 u{’—\h
= SUSY can solve the fine-tuning problem crome el

14



Sparticle Spectrum

M (GeV)

Typical features:

* Squarks and gluinos heavy
* Sleptons light

* 5 Higgs bosons (in MSSM)

800

600

0

* Charginos and neutralinos light
* Third generation partners lightest (<, t, b,..)

| Point SU3
I.|I|r"- Iu‘
— b,
— H+ 1 -.I;: L
B H. A X4:Xo
= L, —— ~i)
Ly N 3
| = I;H _|__ —
B B = L T 1|_
| fp.TR =ET______.__'_ ) ]
i h —— =t 9
I 1 1 1 I I 1 1 I
..J = D \.] — 1.':2




MSSM Higgs Boson Search

= Minimal Supersymmetric Standard Model: /" " Jonsson

— 2 Higgs-Fields: Parameter tanp=<H >/<H>
— 5 Higgs bosons: h, H, A, H*
= Neutral Higgs Boson:

— Pseudoscalar A

— ScalarH, h
» Lightest Higgs (h) very similar to SM

2
G xXBR, ., =2X0 g X ol San d ;
S o+A)T [9+(1+4,)]

= At high tanf}:

— A is degenerate in mass with either h or H
 Decay into either tt or bb for m,<300 GeV:
+ BR(A —tt) = 10%, BR(A— bb) = 90%

— Cross section enhanced with tanZ§

-C. Balazs, J.L.Diaz-Cruz, H.J.He, T.Tait and C.P. Yuan, PRD 59, 055016 (1999)
‘M.Carena, S.Mrenna and C.Wagner, PRD 60, 075010 (1999)
‘M.Carena, S.Mrenna and C.Wagner, PRD 62, 055008 (2000) 16




MSSM Higgs Boson Search

A—1T

Zh*—1T |
other EW, tt |
jet fake ]

«————my =160 GeV 7

0.1

= Data mass distribution agrees
with SM expectation mostly:
— CDF: Slight excess (~20)

— D@: slight deficit in that region
= Sensitive to tanp=50

[talk by P. Jonsson]

DS Preliminary, 1.0 fb!
Py_160—>77
| e
“HQCD
W—-puv
BZ—pn
BW—tv

|||||||_|

50

100 150 200 250
Visible Mass (GeV)

mpe*, =0

40 O Preliminary, 1.0 67
- DT p—t T, 1 O
- e o] e
aof | TT 1.00" expactad
- — (ZDF {p—11, 1.0
20:_ CDF p—11, 1.0/ expaectad _—
- LEF T
10 =
c : I I 1 1 L I 1 L 1 I 1 I 1 I L 1 1 I Il 1
100 120

140 180 180 Izoc 17
M, (GeV)



+

m
Lepton Flavor Violation A
T ——u
= Lepton flavor violation is clear signal | o 73
of new physics F  nomising
— e.g. sensitive to SUSY at high tanp %602— :
= Belle/Babar: Faf / BE(@ = um) -
— BR(r—=uy,un,...) . .
— BRr—wy)<1054in SM, up to 107in BSM [ i e, om0s
— Experiments are now probing BR~10-¢ O Gy e
= NA48/KLOE: "%
— Re=T(K—pv)/ T(K—ev) N m
— Enhanced by tan®f/m,* e Hm
— Current precision ~2-3% ez a0, —-— |
* Goal 0.3% e e Bl ol o oo
* Also I'(K—uv)/ I'(t—=pv) e [ ey G |

Strong constraints on new _physu:s and nicely B—um, B —1v:
complementary with direct searches A.Savoy-Navarro,

: : : : J.Haba 8
[talks by T. Spadaro, R. Fantechi, Y. Miyazaki, F. Wilson]




Squarks and Gluinos

= Squark and Gluino N =
production: >““
— Signature: jets andﬁ/

— At Tevatron no long cascades 0 m(q) >>m(8) m{q) = m(g) m(q)<<m( )
leptons expected:

» Lepton veto applied K ’ %<
= Analysis optimized depending

on mass hierarchy

CDF Run Il preliminary DO Preliminary

> g 103' — . ® [ata .
3 107 — —e— Data (Lum=1.1fb’ b ~ E . |:|;v_,; J.;
=3 = 4J+ T —— QCD + non-QCD Bkg. W - 3 + — —wte
~ F - —— non-QCD Bk = i -] T T, Wz,2z
2 g. c 02 L L] -Z—>H jets
t [ Total Syst. Uncertainty g 10°F A

S qol —— mSUGRA M. = 287 GeV/c® o - £5;1Signa
W= M: = 439 GeV/c?

oL 1 QCD 1 |
E { ! |_|_|| jetBG 10%

L ’ L1 RIS N T I 1
0 50 100 150 200 250 300 350
Missing E, [GeV] 0 50 100 150 200 250 300 350 400 450 500

[talk by X. Portell] E; (GeV)

)



Supersymmetry Parameter Space

CDF Run Il Preliminary L=1.1fb" o et

%
600 |IIII|IIII|IIII q g q
Il observed limit 95% C.L. q
= === expected limit g
ISR/FSR syst. excluded q Nq

DO observed limit

500 ; :

A,=0, tanp=5, <0 - R ¥
R jet
2 0@@
. r @’0; {7 -
400 o jet jet

E. .
)
UA2
4
13

N-g E
> = no mSUGRA
300 luti
g solution B
-4 B Pt X
= q q q
200 FNAL Run | >MDC
& 2 q
q R
. 0
jet
100 <
U
LEP 1+ 2 ,
jet
0
0 100 200 300 ) 400 500 600
ME (GeVic)

M(%)>290-410 GeV, M(q)>375 GeV

. . . . o 20
NB: up to 10 GeV differences depending on treatment of theoretical cross section uncertainties



Exclusion of GUT scale parameters

DO Preliminary, 0.96 fb™
mSUGRA

300

5

o

D@ excl.
squark/gluino

\ ﬁLEP excl}
" 100 200 300 400 500 600 (chargino)

m, (GeV)

200

LEP excu

(slepton)/,/mo—

m,,, (GeV)
N

a
o

OII\I|III

o

= Nice interplay of hadron colliders and e*e- colliders:

— Similar sensitivity to same high level theory parameters via very
different analyses

— Tevatron is starting to probe beyond LEP in mSUGRA type models

21



Lull—

= The lightest @’s: .-
— Due to large SM top mass

= Dedicated searches for
stop and sbottom:
— 't —=c%% and b—by?,

= Signature:

D@ Runll Preliminary 995 pb'
*Dat:
[Jsmm
[Jsignal
Lot

=50r
. 8 F
— Two heavy flavor jets + ==
2405
large missing E;
30
Hr P # observed #Expected 250
202—
>100 <260 83 81.9+4.07139 N
. 10
> 140 <300 57 571+ 31156 i3
e

S 140 <820 66 64.2 + 3.2+2:

[talk by C. Biscarat]

I 50 100 150 200 250 300 35!]

H; (GeV)

T_Z PTJet

Balazs, Carenaq,
hep-ph/0403224

Wagner:

m = ZTeV

LEP Excluded

n.Gen ), (GeV)

§25_

2 L DO Runll Preliminary 995 pb’

- -

=20

w F * Data

2 I

20 [t mc
L Daignal
10

LT

o

——

L i1
F‘BO 200 220 240 260 280 300 320 340 360
Apimaxi+Adimin) (degrees)

q)max+ Aq)mm



Stop and Sbottom Mass Exclusion

DO Runll Preliminary S T T
> | / O — obseived . 7 i D@Runll
4 ,,,,,,,,,, ,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,,,,, 0 —— t d ." G | E‘\-i
100 ; = 0 expects i L=310pb
< | " | .
o N 5=208 GeV :
80 : = 74 —— |
i 3 O 3
60 ® | , .
L Ll i 5
E 50— —.-|{CDFERun I}
Fe LEP 6 = 56° Lk L
407 epo=0° S
1 CDF Runl s - i 4
|| D@ Runl {.'-' ¥
D& Runll 360 pb[: i :
20; Observed HE 4 e H §
5’ ----- Expected Py : \
0 S - T R | T R R N R ‘ 0 50 100 150 200

60 80 100 120 140 160 Sbottom Mass (GeW]
m, (GeV)

= Stop masses excluded up to 150 GeV/c?
— If m(t)-m(}°,)>60 GeV/c?

= Sbottom masses excluded up to 220 GeV/c?
— 1f m(x°,)<80 GeV/c? 23



Charginos and Neutralinos

= Charginos and Neutralinos:

— Mixed states of SUSY partners of - ".;gll- -
« W, Z, v, Higgs » 1 7. +
— Typically among the lightest SUSY ?/ I ’W\/l
particles % v
= Challenges: - o
— Maximize lepton acceptance! - et e
— Large fraction of events contain t's : next-o-leading lepton
= Selection: o A
— Isolated leptons: e Temontenariordh Gen
* 3 leptons (e,u or “track”) g o0 :{IGT P ,
» 2 leptons of same electric charge B o0 LA
— Missing E; %‘




Trileptons: Result

CDF

D@

Expected
Analysis baclfgroun g Data
ull 1.3+0.3 1
ell 0.8+0.4 0
ee + track 1.0+0.3 3
uul 0.4+0.1 1
etet 3.0+0.5 4
efut 4.0+0.6 8
uu* 0.9+0.1 1

=Main backgrounds:

—Instrumental: Z+y, Z+jet
—Genuine: WZ/y*

+0.4

eu+track 09" ., 0
ee+track 0.8+0.7 0
uuttrack | 0.3*07 2

urpt 1.1+04 1

Search for % : %j - eet+X
7""\""\""\""\""I"‘:I‘J‘a'tla """"

> 105_ Drell-Yan 3
s | L W
= 1 l l M Dibosons i
@ i —susy ]
S i
o 107E
‘.6 o
g
E 10
E _
=

10°

0 10 20 30 40 50 60 70 80

Missing Transverse Energy (GeV)

| DO Runll Preliminary,1.1fb-1 | * d==
I:lZ—nc
[] oCD fakss
Clww
I:l'.'.'—; v
1t . Ot —+en

E I 2 — v e
B wzzz

—— SUS' point {131.232)

107

10-2:

-3
1075 20 40 60 80 100120140160180
Inv. Mass (muon, 3rd track) (GeV)

ftalk by H. Fox]




Constraints on SUSY

mSUGRA: tanf=3, 1>0, A =0, m =60 GeV

%: CDF Run 11 Preliminary: 700-1000 pb'L

:_:: l 8 __ . E\ 0.5 | T "I- T T T T | T T T T | T T T T | T T T T | T T T T ]
g Ok — OugBR S ~ D@ Run Il Preliminary, 0.9-1.1 fb'

% Lol O o<BR Uncertainty = 4
f e — 95% CL Upper Limit: observed é 04— % M(%i):M(%O)zzm(—XO). MFD)M(XO) —
Z L4 e 95% CL Upper Limit: expected oc B fl\ 1 2 177 2
~E Expected Limit + 20 m - % % tanp=3, u>0, no slepton mixing -
A3 L2 Expected Limit + 1c é 0 3—_ %}. _]
= =L O\ ® —— Observed Limit ]
° x - 7 Expected Limit
08} © o0.2f * ]
0.6F i ]
0.4 0.1 P — ]
0.2 |Excluded e : —_— Iarge m ) :
X . b,\ LEP 0 T T N A T TR M M M I - N M A el el o

- 100 110 120 180 140 150 160

?00 110 120 130 140 150 .
Chargino Mass (GeV/c’) Chargino Mass (GeV)

CDF limit

= Strongly model-dependent limits:

— No-mix scenario:
+  CDF m(x*,)>129 GeV/c2, DG: m(x*,)>140 GeV/c?

— Starting to probe mSUGRA
— No sensitivity at large m, yet (i.e. if sleptons heavy)

= Sensitive up to m(}*,)~200 GeV with full Run 2 luminosity o



Gauge Mediated SUSY Breaking

= Lightest SUSY particle is
gravitino:
— Mass ~ 1 keV

Yool

— Next-to-lightest particle is

* neutralino— yG _

» Reaction: pp— XX —yyGG
= Cleanest signature:

— 2 photons+missing E;
DO CDF
E;>30 E;>60 E->30 E;>50
BG 98+1.1 |1.5+0.4 19.5+2.5 |1.6+0.3
Data | 16 4 22 4

 Slight excess in both experiments
- D@ Data exclude chargino masses below 231 GeV

Events/5 GeV

[talk by S.-S. Yu]

D@ 1.1 b

DO

—

* data

¥y

WIZ+yy

electron mis-ID

jet mis-1D

SM + signal A=75 TeV
SM + signal A=90 TeV

o b b b b P P s b e e
0O 20 40 60 80 100 120 140 160 180 200
Missing E (GeV)

Search for r"\""ET Signal sample

10™

CDF Run Il Preliminary, 1 2Tb

CDF

—o— Data
2 QCD +

fake B
[T ey events

I Non-Collision

|

100

Missing E /GeV |

150 200

250

27



Long-lived particles

= Particles can be stable or long- LN Escape
lived if decay forbidden due to 4;&7 Stuck in the
— Conservation law e gDetector
— Kinematically disfavored lk
= Example Models: R
— Split-SUSY:
e gluino

— GMSB, AMSB:
 stau, stop, chargino

= In the detector " ' .
— Decay after some lifetime | el 4
- Decay Inside & 7%
— Get stuck in detector and decay later s
— Escape detector completely VY "

[talk by M. Goncharov] 28



CHAMPS: Charged Massive Stable Particles

= Scenario:

:: . 140 Gel Sop
— Esclape detector completely m=p\/l/ 521 m
= Experimentally: i
— Search for “muons” that travel at p<<1 "
« CDF: Time-Of-Flight detector and drift N
chamber " — o

Reconstructed Mass (GeVic” |

* DO: muon system
— Reconstruct mass from p and

= Cross Section Limits
(for pt>40 GeV and |n|<1, 0.4<p<0.9)

— Weakly interacting (t, %4%):
« 0<10 fb at 95% CL

COF Run Il Preliminary (1.0 fb™)
Central p, p_ > 40 GeV

10° ]
' Background Prediction
—— 220 GeVic* Stop

=3
=

=

Events / 10 GeV

.
Q =l
— S

— Strongly interacting (stop): e NG
e O <48 fb at 95% CL Mass from track momentum andme {Ganz}
« Assumes stop stays charged up to
muon system with P=43+7% CDF: m(f)>250 GeV

DG: m(y,*)>140-170 GeV |



Stable particles: “stopped Gluinos”

= Particles can be rather stable:

— Lifetime ~hours

 Interact in calorimeter and decay at
some later time

— Split-SUSY: = E |
* m(q)>102 TeV, m(g)~TeV [

« Gluino long-lived < S 1] M‘ LHﬁ L
q 10 100 200 300 400 500 600

= Trigger on events with Jet energy (GeV)
— “no interaction” but jet activity '

= Main background:
— Cosmic ray and beam-halo muons

D, L=410 pb™

— Background

---- Signal (m =400 GeV,5=0.71pb)
= Data

Events / 10 GeV
o
III|

D@, L=410 pb"
T 100 hours
s 18 hours
._\_:‘-?_,;_\_\_‘_—‘—-n——_‘ {3 hours

Conversion

- ReSUIt m(g)>270 Gev @95%CL 3(3"0 - 'n.:rcisg_s section
[)3, ) (mb)
for T(§)<3h, o(R,,—R,)=3mb, 10 Sl i 450”500 850 600
BR(QV%Q)NQO):'I 00%, m(%10)=50 GeV Gluino Mass (GeV)

[A. Arvanitaki et al.: hep-ph/0506242] 3



Beyond SUSY



What else could be there?

= Strong theoretical desire for SUSY to be true
— particularly due to the lack of SUSY observation...

= There could be many other theories/particles, e.g.:
— Extra gauge groups: Z’, W’
* Occur naturally in GUT scale theories
— Extra spatial dimensions:
» “Solve” hierarchy problem by making gravity strong at TeV scale
— Compositeness:
» excited leptons, leptoquarks

— Preons:

* We have always found smaller things before
— atom->proton->quarks->preons ?

32



High Mass Production

4
= Probes contact interactions: fAr)

xxxg%%

= Probes new resonances: Z', W', Extra Dimensions
>m<qe“” 1 oh
7.G,? T80Ty >AW/

= Probes fermion substructure

do dgSM

02— do?

J2Q?) F2Q7)

foaa
{r
L )?
§

where f(Q°) = 1

33



High Mass Production

ppejj+X HERA II

|y | 1(}4 E . 5‘""‘\ E I T TTT | I I I T TTT | 3
- F Midpoint, R=0.7, [y~ “|<1,L_=1.13 b = S =
L oL $int @ - % H1e*pNCO0304(prel)
> ) Data S 10 A H1epNC2005 (prel) =
O . LF = & NLO: NLOJET++, CTEQSB.1M ) = 73
(B 10°L . a L O ZEUSe'p NC 2004 .

— = # corrected to hadron level — i
3 - .. _ M (jet1,2)/2, R =1.3 o 3 o ZEUS ep NC 04-05 (prel.kz
a 10k ., M= pr Ut e)e, Hage=1. % S SMe’p NC (CTEQSM)
= - > . Systematic uncertainties -6 10_1 B — SM&p NG (CTEQ6M) _
= f . ST E -
T - - TR ]
—~107'L -~ . - T —~
T 102} .
aF —.— 10%E  * H1e'pCC0304 (prel) “i_“ a 3
10 = —— - 4 H1ep CC 2005 (prel.) i ‘" 3
104[ ot = = ZEUSe'pCC 2004 —
g o E & ZEUSe'pCC 04-05 (prel.) ?ﬁ% Ne
10°L-  CDF Run II Preliminary | 10° _ -~ SMe’p CC (CTEQ6M) E‘ .
10°® T R B N B B =~ SMep CC(CTEGGM) N
200 400 600 800 1000 1200 1-‘-IIZ:!'EII_2 ;_ y<0.9 _;
M" [GeVic ] § P.=0 §
: : [ S — | | I | | | I I I | | —

= |nclusive cross sections: 10 ppe o

— HERA: do/dQ? (CC and NC) Q* (GeV?)
— Tevatron: do/dM(I*I-,jj,yy)

= Excellent agreement with prediction over many orders

of magnitude 34



Contact Interactions + Quark Substructure

> 33— ; 10 * ZEUS 94-04 &'p
8 | Midpoint, F'L=O.?:- |y -|q:1. L,=1131fb - . - % VWV A =75 TeV
l.E B - Data/ NLO (CTEQSB. 1M, n=p7**"jjet1,2)/2=p,, R_,=1.3) {u;j .
— 2-5_ Systematic uncertainties 5 --- VvV A"=6.3TeV
% PDF uncertainty from CTEQ g
o | s o (MRST2004) / o{CTEQSE.1M) e
2 o2 x p,) S olp,) ’.‘_,."‘
| a(without Ftsep) {stﬂsep=1_3] 14 . _='___.!.=._._=.=--'—"'
g T
1.5 . +
- Contact Interactions Limits (prel.) e p
1 10° 10° |
i Q® (GeV?)
*°f  CDF Run Il Preliminary Contact Interaction: eeqq
| +6 % luminosity uncertainty not included
PRI S AR R R R I I
0 200 400 600 800 1000 1200 1400 A ConStralntS In Tev

M. [GeV/c’] : :
constructive | destructive

Quark Radius ZEUS |D@ |ZEUS |D@

(ZEUS)
' LL 4.2 3.6 4.2 6.2
-18
‘ Rq<0'67 10 m ‘ RL | 3.6 4.3 2.3 5.0

No indication of substructure VW |63 |49 (75 |91
or contact interactions ftalk by R. Placakyte]




Excited Leptons

= Excited leptons appear in compositeness models
= Decay modes:

— ffy, FFFW, f*—>fZ
= Search for peak in invariant mass spectra:

— E.g. e* — ey, e*—eZ, v*—eW etc.

DJ: e* — ey H1.e* — ey H1: vi—eW

E 02_ D& Run Il Prefiminary 1.0 b7 | _* 2 Search for e*, HERA I+Il (v s = 320 GeV, 435 pb) Search for v*, HERA I+l (e'p, 184 pb™)
1 = |\g'r':al m{a*)=100 GaV (A = 1TaV) —
o'V = o 2 %5EH 4 H1 Data (prelim.) 2 H1 e H1 Data (prelim.)
3 I s R S nE — AIISM c C — AlISM
T [ e @ O 50
% 10 ++ [ toaring. > 35 . > B
T — e T Ll Search for e*—ey L = Search for v*— eW
f 30E 0 —H
o 25 -
205 3o
15 = 20 :_
10 =
i |— =0 ey | 5 Fl 10 »
200 300 400 500(”(5:3]0 AT Pt - T -
g 50 100 150 200 250 300 350 o Ty
m(ey) [GeV] e* Mass [GeV] .
v* Mass [GeV]

[talk by E. Sauvan] 36



Excited Leptons

Gauge Model: Contact Interaction Model:
Excited Electron Searches (f = + f’)
107 E -
I_..‘ E E 6 \\ DZ Run |l Preliminagy. 1.0 fhi!
s I = b\ ef—ey
T — =N
N U
- r  LEP (indirect) / g \
E DORunll (11| 4
i (prelim.) B
10° / 3 >
- H1 HERA I+lI (435 pb™) - >
B (prelim.) 2
o r\u \/Pﬂ 2F
10 @M\f 'J\ ~ LEP (direct) - excluded 95% CL N
L II IILII 1 I [ | I [ | I [ | I [ | I L 11 I [ I [ _ ‘H"‘a
100 120 140 160 180 200 220 240 260 280 300 ?O_OI L |200| L 530(3; || |400| L |500| L 600| L %OBT"THR IBDD
e* Mass [ GeV ] m,. [GeV]
1 7 3P ‘
JC{_';_U - —.JL }{}_m !]’][_H a r} }L B“ £ (j ?L wf Ff £ B gz "
2\ cl = Wj I
SU(Z) U(l) SU(S) =

® Compositness scale A, relative strengh to y,Z,g: f, f', fs
37



7.1

ee and yy Mass Spectra

Y.l

Di-Electron Invariant Mass Spectrum

o 105- Search for X—yy CDF Run Il Preliminary, 1155 pb’
L " E CDFRunli Preliminary ™. AP WL AARAR AR RAREERRLAS RARAS RERE:
s Dreil-Yan Diphoton Data
g 1“45— |:| Jet Background 103 =i —
; E cC |:| EWkK+py Background -
€ 10°L O o[
@ E - 10 = E
2 J.Ldt=1.3fb1 iRl
- O
Z 10°E 9 |
r "y o 10F |
+ L + b -
1|:|§ fy + f = ; -
b T N
L 1
- I H ||| 107 | N |
-1 IIII|IIII|IIII|IIII|IIII | 1 II|IIII|IIII| 11 L = e SRR c ; " . . Ml —— -
"950 100 150 200 250 300 350 400 450 500 550 0 100 200 300 400 500 600 700
Di-Electron Mass (GeV/c') m(yy) (GeV/c")

= Dielectron mass spectrum and diphoton mass distributions
— Data agree well with Standard Model spectrum

— No evidence for mass peak or deviation in tail i
[talk by S. Kermiche]



High Mass e*e- and vy

= Resonance in diphoton or dielectron mass spectrum predicted in
— Z' models (ee only): Spin 1
— Randall-Sundrum graviton (ee and yy): Spin 2

95% CL Limits (Spin-1, e"e’) klﬁpl vs RS Graviton Mass Exclusion
) —e— 95% CL limit S -
2 JLdt= 1.3 fb” % CL limi 1 2 + .
= ---- Expected 95% limit < 0.09F + = 41. A
+m 10 ZrSM (LO o.Br x 13} _E C W e e Ldt 1-1 1-3 fb
@ P —+— 7' (LOG.Br=x13) 3 0.08
F«E —o— 7, (LOG6Brx13) | -
N —— 7 (LOoBrx13) | 0.07E .
& —— Z/(LOGBrx13) 3 - CDF preliminary
@) ] - 0
] 0.06 D& preliminary
107 = 0.055
- - 0.04F-
-2 C
107 0.03
E CDF Run Il Preliminary F ﬂ-ﬂ!f—
-3 L 111 | 111 1 | 111 1 | 111 | 11 11 | L1 11 | 11 :
10200 300 400 500 600 700 800 900 0500 '4"]0' - ',5"10' L '64|Jﬂ' L '7l|m' L 'BilJﬂ' - '9"]0' '

M.. (GeV/c>
z (GeVic) M, (GeVic?)

M;>925 GeV for SM-like Z’ | Mg >890 GeV for kiM,=0.1 |




High Mass tt Production

= Recent interest in KKG — tt

— Good discovery potential at LHC
» Agashe et al.: hep-ph/061215
« Lillie, Randall, Wang: hep-ph/0701166

= CDF analysis

— Excludes M<720 GeV in topcolor
models

— Reinterpretation in KKG models ongoing L T

\ Total Invariant Mass of the tt System |
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w 10r

= B I -1
& - CDF Run Il Preliminary, L=955 pb
|,|>_| 60 - —=— Data

S oF - SM

@ - on-top Background
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=

30

20

10

80" 400 500 600 700 900 1000 1100 1200
M, [Gev/c?]

hep-ph/061215

0\ 43 (i bBvjj)
= . i
= N “‘-‘\\ .
(I Ldt =100 fb"
2 \‘ J
i E \
£ F
u.l -
g | - LHC HH‘“""HE_-_ Elg_njl_l_'_'.aiﬂrm.'m
10¢ - - \
E Background l\"x
B L I L L L L I L L L L I L L L 1 I
2000 2500 3000 3500
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]

‘Upper Limit on Resonant tt Production at CDF

4
C L
C CDF Run Il Preliminary L=955 pb-1
3.5 Expected Limit at 95% C.L.
C [ 1 +1c Expected Limit at 95% C.L.
— C ——e—  Observed Limit at 95% C.L.
2 3 RS KK gluon (I = 0.17M)
— - Topcolor Leptophobic 2
& C SMZ k=13
1T 25 %
N — Cy
b r *
c C £
o 2L *
- r 3
= C .
E = K
4 1.5 ",
5
= *,
o r *a,
=3 1; ”"‘0
=2 = ey
C IO
— Q.
0.5 .
— . ﬂ....
= T L T i
Ll
0\_ T T preretliegrissoy s ol o e 1
500 600 700 _ 800 900 )
Mass of tt Resonance (Gev/c") 40



________

500 600 700 800 900 1000 1100 1200

Transverse Mass (GeV) W’ mass [GeV]

= W’ boson searched for in tail of transverse mass
distribution

= New D@ limit: m(W") > 965 GeV at 95% CL

[ S, s 95% CL Limit
ot ' % e \f.l A ..............................................
~ | acD (from Data) ; 7 ] — Theoretical Prediction
LWy 1 105 (incl. NNLO Corrections)
Zly —ee s : X .
I T P s 1 | ke obs. Limit 95% CL
I WW incl. e 1__ """"" exp. Limit 95% CL
% itincl : 1 Excluded (Run I)
WZ incl. © b N W T o~ ”

41




W '—tb

ijj (2 Jets) - CDF Run Il Preliminary: 955 pb'1

= Complementary: 500 Gavie W Normlzed to 70 |7
— W'—ev probes lefthanded . | g
current P im Sy
— W’—tb probes left- and i o 5
righthanded current -

= Use Invariant mass of R LR e
— W(—Iv)+2 jets (21 b-tag) | e Lmion Coupng -COF Run Pralimiry 95555
— Selection as in CDF single /i
top analysis (see T. wyatt's talk) 3

= Mass limit
— M(W")>760 GeV for g =ggy,

g’/ dgy

Excluded Region 1
Observed Limit for M{W") < M(v} | J

02 [

Observed Limit for M(WW') > M(v) | 7
Standard Model
I T T S R S S
%OO 400 500 600 700 800 900

W' Mass (GeV)
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Conclusions

= Huge efforts for finding physics beyond the
Standard Model continue

= Tevatron presented many analyses with 1 fb-’
= Another 2 fb-! are on tape and a total of 8 fb-! is expected by 2009

» HERA presented first results using their full luminosity
» |nteresting interplay with low-energy experiments
= BaBar, Belle, KLOE, NA48..
= No signs of new physics found

= Stronger and stronger constraints on new physics
= No excesses larger than 20

Current experiments continue to improve
sensitivity and LHC is starting next year...
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It has been a rainy decade for searches
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B.—u*u Branching Ratio

Standard Model prediction:
BR=(3.421+0.54) x 10°

A.J. Buras Phys.Lett.B 566, 115 (2003)

Large enhancements e.g. in
Supersymmetry possible

b

MSSM ut

HY/A®

~ tan®B/m ,*

e

Events/5 (MeV/c?)
o g — ; %] [#)]

CDF DO
L=0.8fb' | L=2.0fb"
Noxo 1.47 2.3
NI 0 3
Limitat | <10x10% | <9.3 x 108
95%CL

- D@ Run llb Preliminary

Sideband 1 Signal region

Sideband 2

46 48 5

52 54 5.6

58 6 62 64
Invariant mass (1" 1) [GeV/c’]

_hep-ph/0603106

K0

m*=
jLE]

140

L L
164 151}

M, (GeV)

Severe constraints on SUSY parameter space

I
20
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Multi-Leptons at HERA

..E 1u3 L H1 Data (Pfellm ] 1- F - ll:L:lerel.]
—e = @ [__1 DIS+Compton ‘”102:‘ | _ e
Il 1¢? ﬁsa%.:l Pair Prﬂductlun m 20 B - C-
E ol 10 B, S ZEU
| ): . JETL w4 (prel.)
1079 564060 80 100 120 140 160 180 lu-!'EE : I
M, [GeV] 0 50 100 150 2,00
M,,(GeV)
= Inclusive searches for M >100 GeV
ee

— 2 or 3 leptons
— Sensitive to H* production

= Good agreement with SM

H1:e*p ZEUS: e*p
459 pb-1 432 pb-T

_ ee |3 3
— Alsoin ep,uu, epp 1.5+0.3 4.3+1.1
— Limits derived on H** production
eee |3 1

0.9+0.2 1.1+05 47




CDF Photon Events

CDF Run 1: L~100 pb1
One spectacular event:
- eeYYFT

— SM expectation 10-°

— Inspired GMSB SUSY models:

» Selectron pair production?
[S. Ambriosano et al.]

= Excess in WJZ/T events CDF Run 1: uyE;
14 g

— NData=16 o 12 " (©) E
— Ngy=7.6+-0.7 8 10 L 1 T
— Could also be explained in Q& 8 [ 1 5. 2
GMSB with R-parity violation 2 s £ E \
« Resonant smuon production? E 3 NS 1 !
2 A =
[B. Allanach et al.] b 44
. . 0 50 100 150
= Now follow up with 10 times E, (GeV)

more data 48



Follow up on Run1 CDF events

* Lepton+photon+g7 CDF Run 2 prel.: pykty
analysis L i
_ 3> [Ldt=0.93 fb! 1
— Designed to use same o20; :
cuts as Run 1 215 -}
210;— —
— Npata=67 Wa ] 4 :
— Ngy =55.7+7.1 %2040 6080 300 15014016
E; (GeV)
“ eeY'Y%- Multi-Photon + Lepton Events, £ — 929 pb T
SM Source ey Py (e + )y
— No event observed = 0.021 + 0.004 0.015 + 0.003 0.036 + 0.006
Ty 0.045 & 0.005 0.038 & 0.005 0.083 = 0.007
lee, bye, e—~y 0.41 £0.12 050 0.41 +0.12
0ji, tvj, j—~ 0.05+£0.05 0.05+0.05 0.10 % 0.09
Total SM
Prediction 0.534+0.13 0.10+0.06 0.62+0.15
[talk by S.-S. Yu.] Observed
in Data 0 0 0

Run 1 excesses not confirmed by Run 2 data 49




Search in yy+MET Channel

= Highest MET event: -
— MET=165.1 GeV I 7T

— Pho1 E;=304.6 GeV
(largest pho E5)

— Pho2 E;=20.3 GeV

— H-=633.6 GeV (2"
largest H+)

- N,,=1, z,,=-25.6 cm

7 TVX
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