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Relevant parallel sessions:

e SUSY
» Exotics |
» Exotics Il
21 experimental talks: 12 theory talks
e Tevatron: 10
e Hera: 4
» B-factories: 1
e LHC: 6

In this review:

no Theory (cf. Carlos and Gustavo)
no prospects(wait until next year for LHC results)

... and hard choices had to be made:
Apologies !
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Beyond the Standard Model...

The Standard Modelf | Beyond the Standard Model:

The Poincareé group Extend Poincaré> Supersymmetry
and include gravitation (Supergravity)

In a 4-dimensional space-timge| Increase the number of space dimensions
SU(B)x SU(2) x U(1), Enlarge the gauge group Z', W’

Alternative EWSB mechanisms

The Higgs mechanism _ _ _
(TC, little Higgs, Higgsless...)

Relate quarks and leptoas Leptoquarks
Additional generations
Excited quarks and leptons

Three generations of
quarks and leptons

(Not covered today) Compositeness. ..
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Supersymmetry
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Basics of the MSSM

(Minimal Supersymmetric extension of the Standamti®)

* Minimal field content (with two Higgs doublets)

spin-0 spin-1/2 spin-1
Squarks: q
Jr, Gy
Gluino: g g
Sleptons: (
[
h,H,A Neutralino Z,y
Xi=1-4
H=* Charginos W+*
Ki=1-2

Squarks & sleptons = “sfermions”

Charginos & neutralinos = gauginos

J.-F. Grivaz

A priori > 100 parametersundetermined in
the absence of a specific SUSY breaking scheme.

* Reduced to a manageable level by invoking some

unification of the soft SUSY-breaking terms
at the GUT scale.

» Additional frequently made assumptions

“Standard SUSY”

R-parity conservation, where R=(1)3(B-+2S
« SUSY particles are produced in pairs
* They (cascade) decay to the LSP which is stable

Neutralino LSP
e neutral and weakly interacting

« = Missing energy

No RPV today
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Basics of mMSUGRA

* The most widely studied model is mMSUGRA:

mo:
m1/2.
Ao:
sign(.):
tan(p):

commonscalar massat GUT scale

commongaugino massat GUT scale

commontrilinear coupling at GUT scale

supersymmetric Higgs mass term(uH1H2)

ratio of the vev’s of the neutral Higgs fields at the EW scale

The parameters at the EW scale
are obtained using the RGEs.

A typical mMSUGRASspectrum

800

S
O
g"mﬂ—“ = m [GeV
) Ir ’b| *, 700 |- .
0 i i Light sleptons
”[‘3 800 m, L wrnﬁ+_uz 6oo | Heavy SQUaI’kS {”“z_;,:; A stop |Ighter
= w0 | J— than the
s00F m 200 Lo a0 . o . other squarks
e A 12 X3
W __'_:__ ;;;; ..'-;“' sv0 |
401]_ ‘E| _-‘éjﬂh mn 200 | P T2 _
200F O One of the Higgs masses A light Higgs w— "“—= " Aneutralino LSP
om, is driven negative: A |
Q- b “Radiative EWSB”
02468 M(X+) :_M(on) ~ 2M(X°)
log, ,(Q/GeV) M(@) ~ 3M(X+)
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The LEP legacy

with LEP Combined Results

LSP mass limit 3 * i 7 L
= = 178 kv
g - w175 GEY
MSSM W|th --"t— {large my)
sfermion andj] . =
. —_— _
gaugino mas$ . | i istéptous if
unification )
16 wmithe taridor
Excluded at 9594 C.L
1 2 5 10 tanB
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— 80 = : .
N >0
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U =
< gg 3 | AS0.0M =175 GeVie
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40
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SUSY searches at the Tevatron

Two main search streams at the Tevatron
for “standard” SUSY:

Squarks and gluinos*)
= Multijets + missing E;

Electroweak gauginoswith leptonic decays
= Trileptons

(*) Stop and sbottom in backup

J.-F. Grivaz BSM-ICHEPOS8 8
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e Squarks and gluinos g““’/__Hq

5 L,
%,
=0

X

Strong production = Large cross sections

""Lfﬂl

Qs

m(gluino) >> m(squark) m(gluino) Om(squark) | [ m(gluino) << m(squark)
2ets + MET 3jets + MET 4 jets + MET

Analyses optimized for each of these topologies

Cascade decays complicate the picture
— a model is needed for the interpretation: mMSUGRA

J.-F. Grivaz BSM-ICHEPOS8



Main backgrounds: Main analysis cuts:
e Instrumental (QCD multijets « Jetl,2(,3(,4)) p
with fake missing E) * Angles (jet,missing ET)
e (W - lepton+v) +jets  Lepton veto
(also from ttbar) e Missing E;
* (Z - Vv) Hjets (irreducible)  H = sum of jets p’s

N_ >3 MET>120 HT>330 CDF Run Il Preliminary

let —

1
10°F (b) . D[)Qa’tla-=2'1 b I —e— Data(L=2.0f")
(23 SM Background e —— QCD + non QCD Bkg

non QCD Bkg.

C_JFitted QCD

Events / 20 GeV
<
|

E % - Total Syst. Uncertainty
- g [ —— Bkg+Sig. M - 249 GeVic®
10¢ E 10 _ M, = 270 GeV/c?
X o f
_ - \
1¢ -
o ' | |
107 [ : =i
0 50 100 150 200 250 300 350 400 450 500 S am0 a0 50 so0 700800500
3-jet analysis E, (GeV) H.(3jets)[GeV]
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The band represents the theoretical

uncertainty

(renormalization scale and PDFs)

DY Background | Events —~ 600 d A LEEE
Analysis expected | observed Q LEP2 ¥~ i
- O w T
2jets |11.m29] 11 | =0 Y |
3-jets |10.%#2.8| 9 é 0 E S :

I no mSUGRA\Y
4'JetS 17.A44.5 20 Y b solution \\{
2 AT
= -
7p)

J.-F. Grivaz

DG, L=2.1 fb™

/
/ tan=3, A =0, <0

0 100 200 300 400 500 600

m, (GeV)

/.

DO IB

D@, L=2.1 fb
tanp=3, A=0, u<0 N

\.LL
100 200 300 400 500 600
Gluino Mass (GeV)

VAVAVAVAVA

For the “nominal” cross section:
M, > 408 GeV (when M, ~ M)

M, > 327 GeV & M, > 392 GeV

Similar results from CDF

BSM-ICHEPOS In backup 11




* Arise from chargino-neutralino
associated production
» “Golden” SUSY signature but:
- low cross sectionsxX BR)
- soft leptons
- taus (at large tarf3)
— Combine many final states

Lepton e+
p.=17 GeV/c?

n= -0.82

Lepton e-

p, =24 GeV/c?

n= 015

Trileptons

arbitrary units

(Also decays via W/Z exchange)

e

——

:‘ﬁ’
.. - Lepton e-

‘\’.'::tj\
\ n= -0.67

\ |I\IET =37 GeV |

p,=58 GeV/c?

J.-F. Grivaz

&

o 10 20 30 40 50 &0

T0 80 90 100

Py (GeV)

General strategy:

or
- Two same sign leptons

Two isolated (rather soft) e oru
Require some Missing E (v+2x)

+ channel-dependent cuts (e.g. anti )
- An isolated third lepton or track (sensitive tot’s)

Main backgrounds: DY, WW, WZ, Wy
(+ a bit of bb and mis-ID)

BSM-ICHEPO8
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CDF (2fb?) Background | Data

Total trilepton 0.88+0.05+0.13 1 Excluded Region in mSUGRA Search for 7,7

— 240 —
. o - CDF Run Il Preliminary | Ldt=2.0 fb" Excluded at 95% C. L. _| o
Total dilepton+track 5.5£0.7+£0.9 6 P I xcluded st95% €. 11160 =
S 230 —mSUGRA tan(f)=3, A,=0, n>0 N ) o ] ]
e - N\ LEP direct limit ] <}
E m(E), mlig) > m(z) . J150.:—
g C Mer R 1 3 150+
) .[ . g 2201 (i)~ mG: [ i =
CDF Run Il Preliminary, | Ldt = 2.0 fb = mixz)= m(y,) . \;;a = £
3 _ 210 — 140
e Searchfor 3%z C ]
= —+ Data C _
g 1 Dreli-Yan 200? __130
% -I?ibusnns - ]
- :aka lepton 1 90 F ; 120
— Signal C a
180 T110
3 leptons = E
§100
‘ g 0 120 140
2
80 100 120 “uMI;sBI'l)'lggf?Ge\%?n m, (GeV/c?)
127 GeV

N T S I T R R R R |
D@ Run Il Preliminary, 0.9-1.7 fb'

_ M(¥,)=104 GeV, M(x)=108 GeV

4 4 tanp=3, u>0, no slepton mixing

Chargino mass limits

In the direction of a D@ scan:145 GeV

—— Observed Limit
2% hesy 000 e Expected Limit

.y
.,
.
s

Another D@ scan

|IIIIJIII||IIII|IIIIllltl‘i\llllllllilll-

"y
in,
Tia,
......
....
------

The gap is reduced by the same sign dimuon analysis
(1 event, for 1.1 + 0.4 expected, in 1jb

...........................................................

000020 30 a0
M(slepton)-M(i_) (GeV)

J.-F. Grivaz BSM-ICHEPOS8 13



Gauge Mediated SUSY Breaking

e The LSP is a light gravitino G

 The phenomenology depends on the nature of thePNLS
— Stau

— Neutralino ~  ADLO Preliminary
. PP T aNLsP)  (5-189209Gev
e and on its lifetime

et
=
=

m('_t) (G e\’;‘cz}
£

A stau NLSP has been excluded
up to ~ 87-97 GeVat LEP,
depending on the lifetime.

]
=

b |
=

h
=

No tighter limits at the Tevatron.

th
=

A neutralino NLSP, with X - yG, has been considered
e at LEP (excluding the GMSB interpretation of the CDF Rusgly+MET event)
* at the Tevatron. (Only prompt decays today)

J.-F. Grivaz BSM-ICHEPOS Non-prompt in backup ,,



GMSB searches at the Tevatron

_—y
o
w

Events per 3 GeV
3 8

-t

—
=

D 1.1 fo .

data

electron mis-ID
[ jet mis-ID
e SM 4+ signal A=75 TeV

SM + signal A=90 TeV

Pair production
of SUSY particles
= Inclusive search
for yy+ missing E

CDF Run Il Preliminary, 2.0 fb'1:yy signal sam
T L L B L

—e— Data
[ Bekgto, .
&3 QCD wiflifake §;
[ SM with real &;
[ Non-collision
Fake E; only

8 10 12

14 16
-log(1-P......
9(1-P ..

18

ple

Missing E; significance
No excess
No GMSB interpretation yet

“mGMSB Snowmass slope”
(N=1, M_=2A, u>0, tan = 15)
Signal dominated byx+x°, production

m(xz) > 229 GeV

0 20 40 60 80 100 120 140 160 180 200
\ Missing ET (GeV)
g C D@11 fb" — NLO cross-section
o | = observed limit
o T~ e expected limit
102 I expected limit+ 1o
F ~ expected limitt2 ¢
I 1 77“'_(“- N N I ¢
10 100 120 140
E : m,; [GeV]
C 800 220 240 260
L m,. [GeV]
ol 4 i g g e i gl ol oo g oo U i g el o 4
70 75 80 85 90 95 100 105 110
A (TeV)
J.-F. Grivaz BSM-ICHEPO8
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Charged Massive Stable Particles

Long-lived charginos are expected .
. 10
In someAMSB models
with a “wino-LSP” (small x*—x,° mass difference) | 3 .
They would appear like slowly-moving muong €
= Make use of thetime of flight information g
3 1
iy : 1 :
2 10="_(b) DT 1.1 fb" prelim 10
o L\ ® 959% C.L. Cross Section Limit
- Expected Cross Section Limit
1 =S NLO Cross Section Prediction
E NLO Cross Section Uncertainty
10" = - 8 P
1025
- Charginos
10_3 | | | 1 | | | | | | 1 | | | | | | 1 | | | | | | |
50 100 150 200 250 300
X Mass [GeV]
185 GeV
J.-F. Grivaz BSM-ICHEPOS

CDF Run Il Preliminary (1.0 fb™)
T T T T T T T T ‘ T T T T

= IIII‘ T IIIIIH| T \IIIIII| T IIIIIH|

| T T T T | T T T T | T T T
- Central y, p, > 40 GeV
Background Prediction
—— 220 GeV/c? Stop

m=p\V1/ 82—1
p

| | 1 1 1 | 1 1 1 | 1 1 1 1
50 100 150 200 250 300
Mass from track momentum and BTOF (GeWcz)

Interpretation for
strongly interacting
charged massive particles,
such as stops with a
small stopx mass difference

m(stop) > 250 GeV

Long-lived gluinos
in backup 16
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Extra Dimensions

BSM-ICHEPO8
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Extra-dimensions

...come in many flavors: LED, TeY UED, RS

Today, only Large Extra Dimensions(ADD):
e 2to 7 large (sub mm) EDs

e gravity propagates freely in the bulk

« KK excitations cannot be resolved

2 _ N+2mM—nN
Two main search streams at the TeVatron: M ol — 8t M D R

Real graviton emission
Apparent energy-momentum
non-conservation in 3D-space
= “Mono-jets or -photons”
Direct sensitivity to the
fundamental Planck scale M,

f f v Virtual graviton exchange
Gy« Gy p Modifies SM cross sections
Sensitivity to the theory cutoff Mg
7 T v (M gexpected to bddMp)

J.-F. Grivaz BSM-ICHEPOS8 18



Monojets

CDFsearchin 1.1 fb:

Main background(Z - vv) +jet
Calibrated with (Z- Il and W= 1v) + jet
QCD is negligible

Main selection cuts:

* one high pT jet¥ 150 GeV)
(soft jets from ISR are allowet

* isolated lepton veto

e Missing E away from jets 300f 1
. . r CDFII(11fb")
e Missing E > 120 GeV 50 F
= [
@ C —e— Data
(DD 200 T LN T SM Prediction
— r m— SM + LED (n=2 M_=1TeV)
5 150¢F
809 events selectgd G of
808+ 62 expected R
[1](;0 150 260 25IG 300 350 400 -
Leading Jet E; (GeV)
J.-F. Grivaz BSM-ICHEPOS8 19



Monophotons

T Main backgrounds: z-y plane
:[\ * Beam halo, cosmics -
EM4 ]
o + L3
y Y (Z-vwv) +y o :
In addition to topological & kinematic cuts, EM2 ]
CDF uses timing in the calorimeter and =M 1
D@ uses “photon pointing” CPS  m——
CDE: 40 events observed . H .
" 46.7x 3.0 expected (0,0,0) Z vix
II"'I"'I'1"I'Z"ZI"'IIIII L =1 — I I ]
CDF Il (2.0 f7) ¥, Z—=vv T : i
"\ el — B CDF Il Jet/y + .
10 Sy 3 3 14 — COF I+, (2015 ]
[ | N:;n-Collision . = I COF Il Jet + B, (1.1 fb7) 7
& W Wiz, lostelpr ] T 2B T LEP Combined N
% — LED n=4 M,=08 TeV | g : :
€ = 1.06 TeV
o 10 o 1
i g
o 08
=
0.6
1
3 4 5 6
40 60 80 Flic:ﬂt 12?5 Eéﬂ V;GU 180 Number of Extra Dimensions
oton E; (Ge . L
J-F. Grivaz BSM-ICHEPOS CDF jet& ycombination o,



LED in High pT dielectrons & diphotons

Number of entries

The D@ search in 1 fbtcombines
ee andyyto maximize the sensitivity.
A 2D-fit in massand cos6* is performed
to the sumSM+QCD+LED(M o).

BR(Yy) = 2 BR(ee)

f f v

(b) D0 127 pb, Runl
--eXpected limit

—observed limit

D@, 1.05 fb'
preliminary

N

N

W

N

k\: W

N
NN
nn

ey

NN

e e

< 3
100 £ {a] ——Data 'g__, B
: 1 =—Drell-Yan + Di-photon + Multijet -, B
Fgy DE'.;’ 1 :ﬂﬁ fbo ==LED: M_= =1 TeV E“‘? L
10° preliminary --iep:m_s=21ev 250
BB Drell-Yan B
102 ] Di-photon -
Multjet | g
10 2_—
; e o o o e e, -
10-1 mrerim, e 1.5_
IR | IR 77
102 e
Efmiaie smtatmens) W
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII \“\“ 1%%
100 200 300 400 500 600 700 800 900 1000
di-EM Mass (GeV)
M<>1.62 TeV (GRW)
J.-F. Grivaz BSM-ICHEPOS

5 6 7
Number of Extra Dimensions (nd)

In HLZ formalism
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LED in High pT dijets

The dijet angular distribution is
sensitive tonew physicscontributions,
but is fairly insensitive to theoretical
and experimental uncertainties.

Y4

1+cosd

P

Xaia = EXP(Y; = Y,|) =

1-co<d

=t
.
S

Is analyzed as a function of thélijet mass
in 0.7 fbt of DD data

1/6 gijor dO/AY gt

Q
—

i3 et
B g
- 0.

%5 < ijﬂ'le\! < D.3|

O|.3 < ijf’rlna\f <04 |

—e— D@ preliminary
—— Standard Model

- == Quark Compositeness
A=2.0TeV (A=+1)

ADD Lg. Extra Dim.
M.=1.36TeV (GRW)

-« = TeV' Extra Dim.
M=1.12TeV

OI.4 < MU;"TleV <0.5 |

ptar e

O|.5 < ijJTleV < 0.6 |

: [\,
.

0.6 < M/TeV <07

+

Ol.? < ij,’TleV <0.8 |

0.8 < M/TeV <0.9

New physics ?
M >1.48 TeV (GRW)

J.-F. Grivaz

BSM-ICHEPO8

jjf'l'r.\f > 1.1 |

5 10

15

5 10 15
Kaijer = EXP(Y,-Y3l)
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Other model-driven searches
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Extra gauge bosons: Z’

CDF Run IT Preliminary

g

L =2.5 fb

N:mﬁ Eﬂ —=—data

‘;3 0 i [ |Drell-Yan

G £ o M QcD

oo . [l Cther SM
fﬁ:mi ¥

c c=[o [ s[o - - - ]
g 10 Mias) (S sy

2.50 with
trial factor

105500 200 300 200 500 0 700 o000 1000
Miee) (GeVic)

M(Z’-seq.) > 966 GeV

events / (3.5 TeV/c?)"

CDF I preliminary detaZ.Sfb"

10*— —— Total background

100~

102

| — Hadron fakes

——Data

—— Drell-Yan

Cosmic Rays
Ww
—tt

Z' - up

(somewhat lower limits in canonical E(6) models)

my}, (c’eV)
Plot in 1/m,, (consistent with
Gaussian resolution in /p

M(Z'-seq.) > 1030 GeV

ReminderM (W -seq) > 1000 GeV(D@ in 1 fb)

J.-F. Grivaz
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Events/10 GeV

et
BF=B

DO Run Il Preliminary, 1 fb!

* Data
10 [ 7 —ee
Multijat
| lf—a IN bb

| Ejho

3R =250 Gev)

-I

107

10%

I| T III|T|I| T III||T|I| T IIIIIII| T IIIIIII| |

10%

300 400 500

S=2p.(11,12,i1,j2)

7 D@, L=11f1"

—up jj+uE_jj
y [mmraug th.)
T [t:mHul trﬁ

S E_j
BN E tjets
[iewer adge th.)
== E tjets
[caritral th)

Events/25 GeV

0

B=1

D@ 1.05 fb ™!

100 200 300 400 500 600 700

Scalar Ieptoquarks%;3
g

preliminary

* data
__[YN]
Bt
B W/Z+hf
WW/Z+Ip
Cldb
— Signal

Ttbb
210 GeV

S; (GeV)

(GeV) M., (GeV)
1st & 2nd gen: 214 GeV(3=0 DG-prel 2.5 flyl)
3d gen: 229 GeV =0 D@ 425 pb-1
L!quunrk Eﬂﬂlﬂh, HERA I+l Leptoquark Search, HERA I+Il (449 pb™) Leptoquark Search, HERA I+1 (449 pb™)

- Ne
- H1 Data (prelim )

eqeq &

—su
4 SM Uncaraiy

=<
Hi g 1
#p (448 pb') g
i N
E -1 Sy ()
10 : 3
E H1 prelim. single LQ ]
w [0 it (94.00) single L0 ]
335535 DO pair prod.
107 & [ oPALindr imit 3

q LQ
Tevatron/«’
[ EW‘T
N g 10%
7 0 - :
2 10%F
c i
€ S
w 10
g -\ LQ
HERA 100
J.-F. Grivaz

150 200 250 300 2od 250 300' N ‘350' N '400
(also CC) Ma!GeV

M, o/ GeV

BSM-ICHEPO8

S, (eu,vd)
1 oL i
10 E
H1 prelim. single LQ J
[0 Hi (94-00) single Lo ]

| | DO pair prod.

102

| L3 indi. imit E
PR [N S SRR NS ST STH ST SN N

200 250 300 350 400
M, o/ GeV
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Having found nothing...
Look for “unexpected” anomalies

J.-F. Grivaz BSM-ICHEPOS8 26



|solated leptons at HERA

Isolated Electron

- SM process: W+jet
_ - Neutrino \ 9 g Py

Excess seen bifl in
HERA-I e*p data
at high p;X (> 25 GeV) ’

Isol. Lepton, P/

H1 HERAIe + Py event Not seen by ZEUS#(selection)
e, « 7" events at HERA ki (e"p, 0.56 f'')
@
"E & H1+ZEUS Data jprakm.) MI:I.] - 5T
EHF l:{:ﬁﬂ': M, =531:84

Now with the full HERA-I+II statistics

and two experimentswith identical selections 10}
e*p data H1 ZEUS H1+ZEUS : ;
P.%>25 GeV | 17/7.120.9 | 6/7.5 +1.1| 23/14.6%1.9 E
) 1 I |
H1 — ZEUS consistency: & W
Combined significance: 1.8 i

10794050 30 40 50 60 70 80 40 100
P} (GeV)

J.-F. Grivaz BSM-ICHEPOS8 27



Multileptons at HERA

[ e
Multilepton production expected to be \"Z/;

dominated by two-photon interactions\

H1 selected events witl2 or 3 e orp p g Y
with =p, > 100 GeV Sl
e'p: 5 evts vs 0.940.12 expected

ep: 0 0.640.09 Multi-electrons, HERA I+ll (¢°p, 0.94 fb™)
..‘2 2e + 3e H1+ZEUS (common phase space)
S 10° f ._gi:a (prelim.)
|.|>.| [Z7] sM signal o
; ] 107 3
H1l+Zeusperformed a combination » e
in the 2 or 3 electron channel 1 - 2
e*p: 5 evts vs 1.820.21 expected g
10" =
ep:l 1.19%0.14 =
0 20 40 60 80 100 120 140 160 180

> P; [GeV]
Grand (e andp) combination underway

J.-F. Grivaz BSM-ICHEPOS8 28



Global (model-independent)analysis

Initially at H1 Now also CDF: “VISTA”
@ 10° ‘H1 General Search, HERA Il e*p (178 pb™) Categonze in terms of
$ 10° — & SSSESE physics objects
G e (above some pT threshold) I8
0 1o ; and put events in
ST o 2 e exclusive boxes
o | (e, Wj, YW+MET, bbj,...)
10_-. 1 L -l‘ 1 1 1 1 1 1 1 1 _L 1 1 1 1 ‘l 1 'I aS demanded by data
TEERLIITEReETEPIETTEE Improve SM description by adjusting

a number of correction and normalization factors

CDF Run Il Preliminary (2 fb'1)
120

Entries: 399
100

80—

399 boxes

60 >

Vista Final States

a0l

20

J.-F. Grivaz BSM-ICHEPOS8 29



Then look at a large number of distributions, and rform

Kolmogorov-Smirnov tests to find possible discrepaties

CDF Run Il Preliminary (2 fb'1)

3500

3000

2500

ions

2000

1500

Vista Distribut

1000

500

|IIII|IIII|IIII|IIII|IIII|IIII|I

Lo

o[TTTT
1

(]

N

ES

Entries: 19650

19650
distributions...

3
o
=
L
|
>
O

8 10

6000

=
L=
Q
L=

Number of Events
S
Q
[=]

3j ) pr <400 GeV

CDF Run Il Preliminary (2.0 fb'1)

e CDF Run Il Data
I Other
[ Overlaid events : 0.1%
[ Pythiajy: 0.1%
[ Pythiabj : 3.9%
[ Pythiajj : 95.9%

AR(j2,j3)
There are some, but very few, and not suggestive ‘@few physics”,
rather of an inadequate modeling of soft QCD

Once the bulk of the distributions is under contro) look specifically at

the high 2p; tails (“Sleuth”), and check formass bumps.

No more deviations than expected from statistics arfound in 2 fio!

This exercise can be useful in case something wasgotten.

(taking into account the number of trials).
A similar conclusion was reached by H1

Otherwise, dedicated searches are (as expected) ra@ensitive
BSM-ICHEPO8
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To conclude...

One year after the end of theHERA Il run, H1 and ZEUS are delivering
their final results, including combinations correspnding to an integrated
luminosity of almost 1 flol. A couple of intriguing anomalies in the H1 data
will most likely remain unresolved in the foreseeale future.

Broad searches for phenomena beyond the standard mel are being
pursued by the CDF and D@ collaborations at th& evatron, with steadily
increasing integrated luminosities. Currently, resilis are reported by
individual experiments with data samples corresponithg to almost 3 fboL.

Unfortunately, there is at this point no sign of ne/ physics, and the obvious

way to provide rapidly constraints corresponding tothe sensitivity expected
with 6 fb~1is to proceed with combinations of results of thento experiments.
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.and time Is running short...

W—pv
1000 =
S tanf =10,A =0,p >0 CMS —— m,=1.0TeV
- _m 0 10‘ — my,
900 with systematics g 7 ATLASl """""" m"’;'zlez
: j d GeV - a7 - | X1 1
- s 1fb 1 7 10" i =2.5TeV
= = - 103 ¥
—— Jot+MET g / f/// SM BACKGROUND
—— — p+jot+MET] * 7/
— . 882y >
e O Q102 5
______ 21 ® L s
e Higgs ] ;
........... top I.I>.I 10 '-[
1 J—‘—‘ ]
NO EWSB
11 O TN OO MO N T O O G P IO o o Ll | %% @% ﬁ_”ﬁ
0 200 400 600 800 1000 1200 1400 1600 1800 2000 0 500 1000 1500 2000 2500 3000 3500 4000 4500
_ m, (GeV) M, (GeV)

SUSY W’
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Back up slides
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CDF search for squarks and gluinos.

CDF Run Il Preliminary L=2.0 fb"
600 L L B s
e e B observed limit 95% C.L. |
== == gxpected limit -
Theoretical uncertainties 500 A0t 0
included in the limit R3S
calculation e
N-Q E SUGRA
E 300 ms: ution
M(gluino) > 280 GeV =
M(SQ):M(gl) > 392 GeV 200 FNAL Run |
100
00 100 200 300 ) 400 500 600
ME (GeVic)
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D@ search for squarks decaying into taus

D@ Preliminary, 0.96 fb™

-
-----
------------------

80 - I:l Observed
i ---= Expected

LineS:iSO-BRfO'X-'-_)XT-'_V _1lll| IIIIIIII IJlIIIIIlIIlIIIIIIlI[IIIIIlllIIIIIII
60 80 100 120 140

m, (GeV)
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Stop

A light stop can be expected: Depending on the mass hierarchy,
top-Yukawa impact in RGE two main scenarios for stop decays:
O m scan - C N
-;-1[][]1] t 1 X t 1 X
1}]
® 800 - 70 - T =
] W
E r Qe ;
600f 3 60;_ ;
200} .-': sof ¥ : .
ﬂ:...TI.J.E':.|...|...|...|...|...|...|...| 453 / zﬁ:;:%jf';lﬂﬁ’ ; 8w
0 2 4 6 8 10 12 14 16 18 / CBRE,— 481509 /
mg_m{QIGEW 4910 — 6':9 — slo — 'mla — 1zlo 'Je}é — 160
+ Large L-R mixing Stop Mss (GeV)
C
b ~
~ > . - relevant up to m() = m(b)+m(W)+m)X
t.»cX 1 if gaugino mass unification is dropped
Xt 0
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~ ~()

tl_)C/Y

While for generic squarks,
the mass range of interest
is ~ 400 GeV,
it is here ~ 150 GeV
(only one quark specie)
HF-tagging comes to help !

2 jets, with= 1 c-jet (soft tag)
missing E and HT cuts
optimized for various m(st),m(x)

This region is very difficult:

soft jets, low MET\

[~ CDFRunll295pb" e D@, L = 995 pb'

[ | -LEP0 =56
L ! wLEPe=0°
201
ok \ \ I B R
40 60 80 100 120 140
m, (GeV)
J.-F. Grivaz

mass’”to discriminate.

—~ ~+/—
t,-b
1
0 V4 77
S %; Fr——s Leptonic branching fraction
W o “~% %<« enhanced for light sleptons
Vg Vi k4
Reconstructed Stop Mass, B-Tagged Channel
. . . 2 Fuliee o\ | COFRunilPreliminary (277" | [N :atal SEERERE
The final state is similar to & ;5" WIBSY, =:{ oo
top pairs in dileptons, % L Mnd30 v .m:m:m's;w ]
with additional missing ET ~ ®*} =l
from the neutralinos. 15} B . >
Use a‘reconstructed stop - B oosors e

Observed 95% CL

TMass (GeV)

F CDF Run Il Preliminary (1.9 fb™)
85 M(z,)=105.8 GeV/c?
80 =/ BR¥ (i —7,vI)=1.0 BR{E—7b)=1
o . LSRG 050 No sensitivity
3 o yet for heavy
= 5F sleptons
= - —_
S0F /BR2(7 -7 vI)=0.25 (BR=0.1)
551
50/
- Excluded by LEP
T e AT N Y
120 130 140 _150 160 170 180
M(t,) GeVic?
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D@ search for stop- b | sneutrino

I Kinematically excluded 8 o8
o DO Runll Preliminary

LEPI1ALO -1

--------- DO Run Il (eppy) 0bs 428 pb) L=1 fb

===+ D0 Run Il (eu,up) exp 428 pb

s DO Run 1l (81} 05 117

100 -~~~ DO Run Il (ep) exp 1fo”

120

110

Results in the ¢-channel

90

M, (GeV/c?)
o
o

100% leptonic BR assumed
Equal epl-T fractions .

1 L I 1 1 L ] 1 1 1 ] 1 1 1 I 1 1 1 l 1 1 1 l 1 1 1 1 1 1

|
60 80 100 120,140 160 180
Mf (GeV/cY)
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CDF search for sbottoms in gluino decays

CDF Run Il Preliminary j Ldt=1.8"

‘:'_9_ 30 opserved 95% CL limit
> -
. 8 300 - M(%) = 60 GeVic?
Sbottom- b et
= 250
Gluino pair - 4b + MET €t
= _
8 200
w

2

100

200 250 300 350 400
Gluino Mass (GeV/c?)
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Searches at LEP

Remember ?

eeyy¢;Candidate Event

e Candidate
ET=éSGeV
¢

44.8 &V
4

F; = 55 GeV

egy+tMET
CDF - Run |

Interpretation as selex - eyG

J.-F. Grivaz

AtLEP, look for & — Ly
X pair production: ¢ S Y
yy + missing energy Mg

130 <Vs< 208 GeV

preliminary ALEPH DELPHI L3 OPAL

2 VVY(Y)

Events / (4 GeV/c2)
oNolNoNoRNGON®)

oS MNwWAH OO N

A AR
0O 50 100 150 200
Recoil mass (GeV/ c2)

:I ¥

ALEPH DELPHI L3 OPAL

e'e’— ¥yl — GGy

130=vs=209 GeV

," Y Excluded at 95% C.L.

[
T
100

BSM-ICHEPO8

— T
400

T
500 600
mie ) (GeVic)
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CDF search for long-lived neutralinos

35 _l TTT | TTTT | TTTT i TTT I:l T T T | ERE | TTTrT | EE N | | TTTT
r ?+ET+1jet analysis with EMTiming (570 pb™) .
In GMSB qof- [ Predicted exclusion region 7
i Observed exclusion region ]
OBl T ALEPH exc:lusmn upper limit _:
B GMSB 7" —vG ]
Using timing information o 200 L Mpe2A, tan(B)=15
In calorimeter = | L N=1,us0 A
= 158 =
O
= i ]
10f- .
5/ e
%:I L b | | I | | L1 1] | | I ] .i 1 | | | Ll I_

5 70 75 89 85 90 895 100 105 110
i1 mass (GeV/c?)
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Long-lived Gluinos

In “Split-SUSY”, squarks are ultra-heawy long-lived gluinos
Such gluinos form R-hadrons which may stop in #ertmeter
(A. Arvanitaki et al., arXiv:hep-ph/0506242)

After a while, they decay into a gluorx®

gl - (g-gbarx,° also possible).
q

Run 164170 Evi 62966279 Sat Feb 4 15:06:30 2006

Triggers:

> —_—
[ 2 o
& D@, L=410 pb™ =3 DO, L=410 pb"’
o - — Background E
-~ F ---- Signal (m =400 GeV,c=0.71pb) | -5
g = = Data c 100 hours
g -2 18 hours
i 3 1F "
- w r <3 hours
P . Mg 15 @ ¥ 3 X
Mins: 42 - .2 = sta E 9 ',.‘ %
ean; 4, 3 (&] > e COI’]\; eI’SIOI’l
Rms: 6.78 MET et: 194.7 \ . %
Wi ey 0.3, 3 >»30mb :
Ccrosg section
10" PR B 6 B A 10»1-'-'..1.,..|.=.‘:‘-1x...u\.":..|.“:-..|..J.|....|....
Str ate . 100 200 300 400 500 600 150 200 250 300 350 400 450 500 550 600
gy Jet energy (GeV) Gluino Mass (GeV)

look for a randomly oriented Backgrounds: For m <~100 GeV

monojet in an otherwise beam and cosmic gluino masses
empty event muons, measured up to ~ 270 GeV
(diffractive-gap trigger). In data.

are excluded
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LED at HERA

Fit to NC DIS data

yields limits on M. ...

ZEUS (94-06 data):
M¢- > 0.90 TeV at 95% CL

M7= 0.88 TeV at 95% CL

H1 (HERA | data):
M¢ >0.78 TeV at 95% CL

M:*>0.82 TeV at 95% CL

ZEUS
w| 12 | & ZEUSBAO4e'p
g - | — M =08Tev
8 1 aelolyy —* 9
E . W || een Mi=088TeV
S | |
0.8
10" 1’ s
L R R R . L .".‘_T;__:; =
I
Large Extra Dimensions Limits (prel.} | » |
w® 1w’ & (Gev?)
0| 12 | » ZEUS 98-06 (prel.) ep
g [
E 1 ;--“t-;-"—.-' ._.__-_I
£ ' |
0.8
10° 10"
e i s i '______ .
[ :
Large Extra Dimensions Limits (prel.)
o’ 1o’ @ (Gev
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Randall — Sundrum gravitons

Here toomost of the sensitivity is in diphoto(BR = 2 &e)
But now look for anarrow resonanada the mass spectrum

Search for X—yy

CDF Run |1 Preliminary, 1155 pb’

Entries/5 GeV/c?

IR L BN LN B
Diphoton Data
= Total Background?
— vy (Diphox)
— Jets faking v

600 700

0 100

I|IIII|II 1
200 300 400 500

m(yy) (GeV/c?)

Two model parameters:
Mass and couplingk(Mp)

Fork/Mp, = 0.2 M > 900 GeV,

0.01

——— meoludad by preciclon swk

f>m<: >fm;g,<<v
f f Vv

[ ewotuded at sem oL

-—-—-- axpsoted Ims

D0 FRL 86, 051801 [2008)

200 300 400 500 600 700 800 900

Graviton mass M, (GeV)

CDF in pp with 2.3 fb™t: M > 921 GeV fork/MPI = 0.1

J.-F. Grivaz
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ExtraW’

W' - ev
DO, 1fb"' —— data (a)
[ Jwoev

[ ] QCD (from data)
B other

— my, = 500 GeV
......... m,, = 1100 GeV (x 200)

Events/ 6 GeV

U !860| T 11000

m; [GeV]

M = M(electron-p,missing-E)
M(W’-seq.) > 1000 GeV
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CDF search for dijet resonances

CDF le II Preliminary, 1. 13 b

0 1-‘1&1!z
M, [GeVic’]
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Q
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;. —r
(=] oh:

=1

% Br x Acceptance |y |<1) (pb)

|+)

10"

1072
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CDF Run 11 Preliminary, 1.13 fhr1

— 95% CL I|m|t3 (for B-5 G, Techmrhn]

............... ‘*u*
e Te::hmrhc: :
e e  —PRSG K=o

.. T, — Excited guark
: " Rl Axiglunnfcnlnrné'l

=« E6 diquark

1200 1400
Mass [GeV/c’]

Limit up to 1.25 TeV for axigluons
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Evenls | 20 GeV
w
=]

= =
00 150 200

Leptoquarks[§=0)

Limits on Scalar Leptoquark Model:

Leptoquark Generation Lower Mass Limit (GeV/c?)

1st or 2nd
3rd

—— [
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167

=

e
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250 a00 380
Missing E, {GeV)
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D@ Runll preliminary, L=2.5 fb"
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Sighature based searches

CDF checked event counts and kinematic distributions imany channels:

RN A RES RARRERERE R

- CDF Run Il Preliminary 191"

D
o
T
—
2
I
—
B
-
o

R RRARS RARSE RSN AARA REAR

v w =t Wy ER T Y IYo+MET |

Y Y S,k 1 o0 .WV%HF | &° I+MET
o | y+MET | € Tnje |2 tty | YOJ

vy =k Y 1 &9 HOR R lVo+MET
= F 1 6f : ] =

|y+MET S 20k 0.9 fr E m4_ Secr 1 84 ]
& : o 2}

WHMET - n_

e e rreyrer G e 8 10 %50 100 150 200 250 300 350 400 450 500

4 6
E; (GeV) N Jets

No deviation from SM in 1 to 2 fb-1

H; (GeV) =XE_(l,y,jets,MET)
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W’ discovery potential at the LHC

T S — e
£ i
Y f ATLAS . & ]
g 'icr discovery ! ]
- e
i A
N "
10°F - o E
C k
- . A We—=ay
- m O W-pw
105 & = combined il
: o] & W— e (systematics|
n ® W v (systematics)
E e combmed (systematics)
! i i i i 1 i i i i 1
A 5 G
M(W') [TeV]
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The end

BSM-ICHEPO8
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