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Searches at Colliders

Standard Model (SM): big success during the last 30 years to explain the ex-
perimental results in collider physics.

However, there are still some open questions about Nature and about the rea-
sons why the SM works so nicely.

At Collider Experiments, where large energies are available, we look for some-
thing new (“New Physics” or Physics beyond SM) to complement our knowl-
edge and complete the theory model.
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But this also requires to handle the known processes that
typically has larger cross sections...and similar topolo-

gies hiding the presence of the “New Physics”.
Highest energy colliders by classes:
— LEP (ete= — X) from 1989 to 2000
= HERA (ep — X) from 1991 to 2007
— Tevatron (pp — X) from 2001 to 20117? (Run Il

This talk does not directly cover LEP analyses, but some of the results (limits) are shown since

they are still competitive in some areas.
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HERA Collider at DESY

e Only electron-proton collider in the World

™ \</_p

—
215GeV —~7'\\_ 820 =y
920 ¢

\S = 300/318 GeV

e Located at DESY (Hamburg).
e Operation in Run Il ended in 2007

e Data from the two runs are combined to pro-
duce final results.

e 0.5 fb—1 collected by H1 and ZEUS

Due to its unique initial state at the avail-
able energy, searches for new physics and
particles are competitive/complementary
to LEP and Tevatron

H1 Integrated Luminosity / pb™

Status. 1-July-2007

400 T T T T

—— e¢lectrons
—— positrons
— lowE

300

200 -
100 -

| | |
500 1000 1500
Days of running
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Tevatron Collider at Fermilab

e Most energetic collider in the world (until LHC starts)

e Colliding protons and antiprotons

p \/ p

980 GeV 7\Wo GeV

VS = 1960 GeV

e Still collecting data, and pushing for
running until LHC results take over.

e ~ 6 fb~1 collected by CDF and D&

e Currently Tevatron results are the
best place to search for new phenom-
ena (a priori).

With the collected data sample, Tevatron Run Il
experiments are sensitive to processes far be-

yond previosly explored regions.

Weekly Integrated Luminosity (pb!)
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The big picture

q‘
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The big picture

@persymmetry @en Gauge Sectors
@uza—K]ein @
Quantum Gravity

Extra Dimensions

<Strings
, New Exotic Physics
%,

4

@Gauge Interaction l,,'
Fourth Generation -
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Outline of the topics

e Searches for Supersymmetric particles: @
Squarks and gluinos

s

Gaugino searches .aluza—Klein Model

(Supersymmetric Higgses covered by G. Bernardi)

e Leptoquark Searches @a Dﬂnc@
| i

e Large Extra Dimensions

e Search for High Mass resonances

e Search of exotic signatures ew Exotic Physics
Multileptons —
Unusual topologies 2,

/
. : f
e General inclusive searches )
who knows...?
e Summary
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Searches for Supersymmetry

e Supersymmetry (SUSY) makes Nature invariant under the transformation

bosons < fermions

e For this to be satisfied we require a supersymmet-
ric partner for each known (or to be known) particle.

This symmetry is commonly introduced since it solves some F
weak points of the SM (on the theoretical side).

In Rp-conserving models, the lightest supersymmetric particle (LSP) is stable
and weakly-interacting (Dark Matter?) and appears in the final state as imbal-

ance in transverse momentum (ET).

> .
If masses are reachable at the Tevatron,  ief [|>2jets| . Ogk=211"
. . o - ; - (€E1SM Background
squarks and gluinos are produced via the & 0 JFitted QCD
- - . @8 10 m(g) =439 GeV
strong interaction: o 5 | 115__:______:}”%3966&\,,.
PP — qqX — gx"gx" X Yol |
-~ ~=0_-0 :
pp — gqX — qqx qx X ol
§. Sl le vl vaaa e ®Maloeailo b Bobsils .:EIH.
pp — ggX — q(j)ZOqu)ZOX 0 50 100 150 200 250 300 350 400 450 500
E; (GeV)

which are the final states for which CDF and D@ optimized the analyses.
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Squarks and gluinos using Jets+ E
In the tight selections performed in the anlyses, mainly on ET and >~ Er (jets)

CDF (2 fb~1) D@ (2.1 fb~1)
Analyses | Expected | Observed | Expected | Observed
2-jets 16 + 5 18 114173 11
3-jets 37 + 12 38 114173 9
4-jets 48 + 17 45 18 +115 20

The agreement with SM is used to set limits (at 95% C.L.) on the parameters:

(Phys. Rev. Lett 102, 121801 (2009) ) (Phys. Lett. B 660, 449 (2008))
e e o 250,
- = === expected limit ] ) LEP2 ? ] % B DQ, L=2_1 fb_l
e <7 2500 (D () 200F tanB=3, A =0, p<0
P 0 DQ Il q ~ e 0
...... . 1 9 400 o
o ] CEG R HIE J < 150 L,
© 7 =l fa) é no mSL_JGRA N E E N, S
> ] « 300 solution__ [\ A
9(/ 1 § DJ 1B E 100 -
FNAL Run | 2 200 D@, L=2.1 fb! ¢
TN (?)_ tanp=3, A =0, u<0 50
100 y
Ooxloo 200 ‘;5(‘)‘ 400 500 600 0O 100 200 300 400 500 600
100 200 300 400 500 600
M. (Gevic?) Gluino Mass (GeV) mg (GeV)

e gluinos: m > 280 GeV/c2 (CDF), > 308 GeV/c2 (DY), for all squark masses
e squarks: m > 380 GeV/c? (CDF, D@), for all gluino mass
e In the MSUGRA interpretation, excluding regions not accessed by LEP
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Scalar top searches

e Due to the specifics of the third generation, there are motivations that the
SUSY partners may also have specific properties.

e Having a large mixing of chirality states, the lightest mass eigenstate could
be much lighter to “normal” sfermions.

e In fact there Is strong motivation to set the scalar top as the next-to-LSP
particle (due to large top mass) and its decay into charm and LSP.

-1 -1
CDF Run Il Preliminary _['— dt=2.6 fb CDF Run Il Preliminary IL dt=2.6 fb
n 45¢[ —_—
c E N - — Observed Limit (95% CL)
O 40F * CDF Data S i o
> E @ HF Multijets 1 120 - Expected Limit (+10)
w 35 - [ Light-flavor jets 0]
E [ Top-quark ‘;‘ L
30F [ Electroweak bosons o) 100
E — Signal m{)=125, m(x)=70 ‘25
25 F — Signal m(t)=135, m(x)=70 L X
2 —+——— signal m(t)=115, m{)=70 2 80T S
c_E | oY -_'
5 i
o 60T
& k
40 \ N\ cDF 295 pbt
i g
LEP6=0° N B 0z 995 pit
0 P R B N\ /S B R AP
0 010203040506070809 1 60 80 100 120 140 160 180

NN Output Stop Mass [GeV/c?]

e New CDF analysis exploited properties for charm-tagging of jets to reduce background from
bottom jets.

e Kinematic Neural-Network output used as discriminating variable (using tools and experi-
ence from Higgs searches).
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Scalar top in the dilepton channel

events/2 GeV

If the sneutrinos are lighter than stop, the dominant decay is into leptons.

e Signature similar to tt dileptons, but with soft lep-
tons.

ol

|
s
.
. =
.l \Y)
o—
¢ ~ —
’ b
e t

e Kinematics slightly different due to mass of v N b
e Assuming a 100% BR to leptons and family sym- P / i ’
metry, ey is the most sensitive channel. ‘ "

e Difficult backgrounds: QCD multijets, lepton+”fake” and others with similar
topology (Z — =7, tt and WW).

® New results from D@ (full dataset, epr only) and CDF (1 fb —1, all channels)

| missing E_ |

DO Preliminary Result

10? DO Run Il Preliminary, 3.1 bt 140 Scalar top in the Dilepton Channel: T - I@b
3. —1301 i
N - B
Q E t = ~ CDF Preliminar
S 120F Z Br (t— 1bb) 1000/3,, y
Q F - Run i, 1 fb!
R = O 110

Sneutrino mass (GeV)
P

%00k
700NN A s 100 :
90 ;—
' 80F &~
8 3 @ :
70F :
* E S CDF Expected
""""" 60F 7 o
10? His oo 6 E Alfgh CDF Observed
5087/ opal " D@Runli1fpt i
—&— Dzero dat: 40 5 II-EP

il — M[110,80] 407 Wit g 60 80 100 120 140 160 180 200
0o 10 40 50 60 100 60 80 100 120 140 160 180 200 2
missing E_[GeV] e M[150,50] Stop mass (GeV) M= [GeVic?]

e Exclusion limits are above top mass: m(t) > 180 — 200 GeV/c?
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Scalar bottom searches

e Other motivated option is the search for a similar production of scalar bottom,
which may be the lightest coloured SUSY particle (at large tan 3).

e The decay is 100% to bottom and neutralino.

Optimization based on

=> Kinematics: Fr, > Er (jets)

—> b-tagging of jets (secondary vertices)

e Very recent efforts by CDF and D@ are push-
ing the limits towards larger m(b).

e 3 optimizations by CDF:

CDF Preliminary

(2.65 fb_l) Expected Observed
low AM 133.8 + 25.2 139
high AM 47.6 + 8.3 38

Analysis just approved for LP09!

Neutralino Mass [GeV/c?]

53
(=

events

[35]
(=)
1T

(=
(=)
T

CDF Run II Preliminary

==+++ Expected (95% C.L.)

e Observed (95% C.L.)

Expected
Observed

i | cDFRun1I (295 pb* )
E xpected

— Observed

JRRTI INRRR N B A

100

150 200 250
Sbottom Mass [GeV/c’]

10

CDF Run II Preliminary

........... —— SM (b/c + mistags)

: : , —_ QCD(b/c) +1n0n-QCD(b/c)
i n-QCD (blc)
’#:%_F T tal Syst. Uncertainty
}44 ----- M(b,) = 153 Ge V/
‘ M(?) 70 GeV/c?

—®— DATA L=2.65 ft'

50

Neutralino Mass (GeV)

=
[=]
O
\
\

. o1l N
150 200 250 300
missing E [GeV]

P R
100

--Expected

2] [00]
o o
T T T T T

iy
o

20 /

- 'r'l L I ) -
0 200 250

150
Shottom Mass (GeV)

Tevatron is excluding sbottom for masses ~ 250 GeV/c?.
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Searching for gauginos

One of the “golden modes” to detect Supersymmetry at Tevatron is the detec-
tion of neutralino and chargino production in the trilepton channel.

The production of the neutralino-chargino is higher than
other SUSY processes in mSUGRA scenarios.

The signature (3 leptons and ET) is very clean for a hadron
collider. Jets faking lepton (+boson production or Drell-
Yan) is the background to reduce.

Due to low backgrounds, validation of the predictions is
the fundamental part of the analyses.

Search for ¥.X,, CDF Run Il Preliminary, 3.2 fo™

> 7T T T T N T TlY T N T T TDT I T T L
q) - [ ]
10 = o Dgl’szél:gef:?ion -Z/?/tg’Y A
2, oo HH = Multijet -
. <~ | Osusyi1 Wit
10 2 | {Jdsusy?2 B W+etly |
. S 104 EWW,ZZ -
o 107 >
~ Ll
£ 1
@

1 U1 1 IIIIIIIIIIII -
80 100 120 140 160 180 200

Missing E; (GeV) mw (GeV)
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The Trilepton Signature

In the final selection, the fight for sensitivity is translated into the understand-
Ing of processes with small-cross sections or hard to estimate: Dibosons, con-
versions, fake-leptons,

D (2.3 fb—1) | Expected | Observed
Low pr 5.4+ 0.6 9
High pp 3.3+ 0.4 4
CDF (3.2 fb—1) | Expected | Observed
3-leptons 1.5 4+ 0.2 1
2-leptons+track | 9.4 + 1.4 6

= Interpretation complicated due to phenomenology.

= Commonly done in the mSUGRA context:

(aI‘XIV org:0901. 064@

Search for %)% CDF Run Il Preliminary, 3.2 fbo

Events/ 10 GeV

T I T
% 300‘ DQ 2310t Search for %;p
e mSUGRA B Dy obsérved limit _
o [ tanB=3,A =0,u>0 mmm DD expected limit -
S - ;@ — CDF obseryled .
501 limit (2.0 fb™) ]
L e | i
200" LEP ]
" Slepton i
L Limit i
150__| Y LEFT Charlglno Il_|m|t B .__
0 50 100 150 200 250
m, (GeV)

CDF Run Il Preliminary, 32"

—e— Data

— Signal
Drell-Yan

. Diboson
tt

B Fake

mSugra M,=60, M, ,=190, tan p=3, A=0, (1) >0

40 60 80 100 120 140 160 180 200

Missing E; (GeV)

26omSg ta B3A O(u)

m@G)=m
mE@ m(ﬂ )

240—

N
N

o
I

m,, (GeVvic?)

N
o
o

180

160

d Limit

[l observe

===+ Expected Limit

[ JLEP direct limit
S QD -
1

20 40

L f P
60 80 100 120 140 160 180

m, (GeV/cZ)
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Leptoquark Search

Leptoquarks (LQ) are hypothetical scalar or vector bosons with both baryon
and lepton number, mediating lepton-quark transitions in many extensions of
SM: GUT, extended gauge models, compositeness etc.

e Searches are optimized for different final states, depending on the generation
of the LQ particles (i.e. to which families they couple).

e Depending on the generation, interpretation of the results are done in differ-
ent parameter planes.

Related to third generation LQ, D@ has a very recent analysis using the same
topology as in the scalar bottom search:

DO Run Il Preliminary (4 fb™) = 1 . _—
o r DORunll Preliminary (4 fb™)
% I T I T I c:/ [ Signal cross section, p =M,
O 102F :'?gttsl background Q By, x[o\8(0) +& (0)] B=1
b S E LQ (220 GeV) © Bl [0 - | 8(0) + &, (0)], B=(1 - 05°F,)
-~ r Top
q ¥y Jet @ : ZbB,2cS 1g —— Observed (Expected) limit
. c 10F Z+light jets
XLQ;, Vv o F WhB,WcT
A Missing (w N T \E’)\’i;'('gz;'ets
rﬁwm‘ E Bl Multijet
\ — nergy 1
2 J0; v 10t F
q " Jet - DN
- 1 = 3
b 10 I : o
[ ‘ I L SN
0 100 200 300 400 150 200 250 00
E; (GeV) MLQ, GeV
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Leptoquark Search at HERA

e HERA is the most efficient collider to produce leptoquarks that couple to the
first generation.

Leptoquark Search, HERA I+l Leptoquark Search, HERA [+l
e I 3 10°E > 3
7 N H1 &3 10° H1
o 10%F o i
S g e*p (449 pb™) S 102E e*p (428 pb™)
2] 2 | ” ;
L\ La/, £ 10% g |
1i nk Cl>) o g 10 3
m 10 ¢ W Fec
1 I -e- H1 Data (prelim.) 1 -e- H1 Data (prelim.)
E —SM F —sMm
F SM Uncertainty SM Uncertainty
4 ax 100 150 200 250 300 100 150 200 250 300
M,/ GeV M o/ GeV

e Good agreement with large SM
background in Neutral and Charge <
Current DIS.

e Limits interpreted within the A\

Buchmiiller-Ruckl-Wyler Model (set - | 7 . G
on all 14 LQs). i v ) BV

e At 95% C.L., with the whole dataset:

— For A = 0.3, M| o > 291 — 330 GeV/c? (H1)
— M g/X > 0.41 — 1.88 TeV/c? (ZEUS, Contact Interactions)

e Strong contraints below the kinematic limit, but final sensitivity goes beyond
that point (due to the u-channel).

§1/2.L (e*d) SO‘L (eu,vd)

_ 1k _
. E 107°E , E
H1 prelim. single LQ B E H1 prelim. single LQ B

H1 (94-00) single LQ |
l:l DO pair prod. N
[ ] opAL indir. limt 3 107
P | Y

H1 (94-00) single LQ |
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Large Extra Dimensions (LED)

If gravity propagates in 4 + n dimensions (as a difference to the other interac-
tions, confined in 3+1 dimensions), the effective Planck scale could be small
(~ 1 TeV) and gravity becomes comparable in strength to the electroweak in-

teraction.

The typical “golden channel” for this at Tevatron
IS the production of a single high- E4 photon and
Fr (from the graviton, identified as a Kaluza-

Klein mode)

Tight selection to achieve a high final sensitivity:

E7 > 50 GeV (CDF), > 70 GeV (D9)

Events | CDF (2.0fb~!) | D@(2.7 fb~1)
Expected 46.3 £+ 3.0 49.9 + 4.1
Observed 40 51

CDF Run Il Preliminary, 2.0 fbo' ]
102 L Zy, Z WV —

W- elp/t -y
vy, losty
I Non-Collision
WI/Zy, lost e/p/t
— ADD n=4 m=0.8 TeV

7

////: | = /////// cece

Events/Bin

<

N R R R BN
40 60 80 100 120 140 160 180
Photon E; (GeV)

=, 1.8? - wrexpected limit
>3 1,6; A — observed limit
14 ® CDF 2.0 fbtlimit
E A LEP combined limit
1.2 A
(R
1; | LT L. . o °
0.8F
0.6
04F D@, Run Il preliminary 2.7 fb*
0.2F-
. | | | | | | |
072 3 4 5 6 7 )

Number of Extra Dimensions
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LED at HERA

e Effect could see as a deviation of the total ep cross section, especially at
high Q2, where the gravity may be comparable to the electroweak interaction.

e Contribution from the graviton exchange in ep NC DIS may be described as
the effective coupling:

€2
=+— ZEUS
nG MS4: 10 ;‘l.‘Z‘ I i ‘ u L ‘w T \‘\ T ‘ - .“ZEUS 94_64 e+p‘ ‘ ‘ ‘7:
2 b | 1 —— M;=0.9TeV ]
where € is related to the energy scale 5 L i —eeTe
4 08 U \

of the interaction and M the effective

Planck scale. S i e S {,_{\
Data in good agreement with the elec- Large Extra Dimensions Limits prel) |
troweak predictions, which leads to o’ o’ Q? (Gev)
extract limits. w0l 12 —————— & zEUS 9806 (prel)ep
= From ZEUS: Lo ) 7
For Ms(£1) > 0.94TeV @ 9s%cL) -  “w
= From H1 (HERA-I)
For Ms(+1) > 0.48 TeV (at 95% C.L.) P S

10° 10"
Q@ (GeV?)

For Ms(—1) > 0.72 TeV (at 95% C.L.)
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High-Mass Resonances

e Some extensions of the SM suggest the existence of narrow (A < detector
resolution) resonances decaying to SM particles.

e However current strategy is more signature-based searches instead of look-
ing for specific model(s).

e Study of the dielectron mass spectrum allows to investigate presence of res-

onances in a clean (and well understood) event selection.
CDF Run Il Preliminary

s L=25fb"
§12 —-data 3 20 DO Run Il Preliminary, 3.6fb ™ —— data
Sio [ prelly
z [ |Drell-Yan g Instrumental |
E . . QCD E’ 60 H other sm
Il Other SM §
w50

280 300 320 %O
M(ee) (GeV/c")

40

30
il 20
rbh\\ 10
- , T | L P I AR
960 180 200 220 240 260 280 300 320 340
Meo(GEV)

e

-4 1
10700 200 300 400 500 600 700 800 900 1000
M(ee) (GeVic?)

= CDF excess around 240 GeV not confirmed by D@ analysis
= Discrepancies seem to be just fluctuations in a large sample of points

= Limits sents on various models from agreement with SM.
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Search for dimuon resonances

95% C.L. Limits on o x BRMV=. pr) (pb)

— Use of m—1! provides constant reso-
lution (of 0.17 TeV—1¢?)

= A narrow resonance would appear
as an excess in 3 adjacent bins in plot.

= NO excess at 240 GeV/c?

— Observed distribution in very good
agreement with SM expectation.

CDF Il preliminary

J'L dt = 2.3 b

—— Data

104

—— Drell-Yan

—— Hadron fakes

- Cosmic Rays
wWw

102_ —ti

events / (3.5 Tev/c?)?

—— Total background

mii, (c*/TeV)

95% C.L. limits set in different models (kinematics/acceptance dependent on mass and spin)

-+ - SE Median
68% of SE
95% of SE

—— Data
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%
K 68% of SE
95% of SE
—— Data
- & -2,
E "-’;‘1& % - gsec
S ‘\ N
i Zy
7y
z,
*, o Zgy
. i
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Search of exotic signatures

e Aside from the most “motivated” signatures, the experiments are searching
for other possibilities.

e Several strategies:

— Global (inclusive) searches based on comparison of lots of distributions and all
possible final states to the predictions given by the Standard Model.

This should be able to find any discrepancy due to New Physics even if not predicted
by any model.

— Searches for very strange final states, typically taking advantage of detector
components that are not commonly used as discriminants for New Physics, or
topologies that are typically disregarded.

e Within the last group several motivations from the theory are very important
to set up the search and understand sensitivity.

But typically the guiding rule is to find exotic topologies that are very rarely
produced within the Standard Model:

— Slow-moving very massive long-lived particles (WIMPs, CHAMPS)
— EXotic properties of produced particles (or combination of particles)

— Multi-particle final states
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Multileptons at HERA

The main SM process in ep interactions with multi-leptons in the final state Is
the ~~y process: g Multi-Leptons at HERA

® H1+ZEUS (0.56 fb))
= SM
SM Pair Prod.

v/2°

An exotic and rare final state: suitable for New Physics o Fepi e
> P, [GeV]

® HI1+ZEUS (0.38 fb?)

Events are classified into exclusive samples: o
€ ok ©P = S
ee, eee, uu, e, eppd,. . . g 7

Results from the two experiments are combined to im- =+
prove statistical significance in the results. /

[y

General agreement with the prediction, with an excess In w5 a ettt

. . . . 2 P, [GeV]
the high > ° Pr (also at high Mj;) in the positron data. '
NIE 4 ® H1+ZEUS (0.94 fb®
Multi-Leptons at HERA (0.94 fb—1) ‘acjlosé_ e’p me
S~ Pr > 100 GeV g ; e
Data sample Data SM Pair Production (GRAPE) NC DIS + QEDC 10° / Lo
etp0.56fb~1) 7 1.94+0.17 1.52 £ 0.14 0.42 £ 0.07 10k L
e~ p(0.38fb~1) 0 1.1940.12 0.90 £ 0.10 0.29 4 0.05 N it
—1 E =
All (0.94fb~1) 7 3.13+0.26 2.42 + 0.21 0.71 + 0.10 o //
The significance of the excess in the positron data is 2.60 10%0™20" 40" 60" 80" 100 122°P14f'iéﬁe°v1]8°
)
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SUSY searches using photons

® Gauge-Mediated Supersymmetry Breaking (GMSB) Mod-

els usually allow the neutralino to decay in a photon 2
and a gravitino (LSP). 2

Xy — 7G

and we expect two photons and ET In the final state
(among other possible objects depending on the

decay chain).

Events per 0.5

e Background rejection using

= EM-CAL Timing
= Fr Model to identify fake Er

e QCD background estimated from data using fake

FEr events.

e Selecting events with large Hp (scalar sum of Ep
of all objects) and Er significance.

lifetime (ns)

-
=]
TTTI T TTTIT

vy +Er analysis in GMSB CDF Run Il Preliminary, 2.6 fo'
PSR S .

—e«—— Data

[ QCDwithfake §; |

[ EWKwith real B, _|
I Non-collision E
1.IllI11% GMsBsignal
7; mass=140 GeV, lifetime=0ns |
1= —
107 = H L -
102 L] A A NP
0 100 200 500 600 700

2
e

300 400
H, (GeV)

CDF Run Il Preliminary, 2.6 o'
—t

—e— Data

[ 1 QCD with fake §;
1 EWK with real g,
[ Non-collision

ool GMSB signal

i? mass=140 GeV, lifetime=0 ns

===, Overflow Bin _|

CDF Run Il Preliminary
L S5 5 R B B

Expected ion region with yy+§_and 2.6 fb” ]
served exclusion region with yy+§ and 2.6 [
served exclusion region with y+&T+Jet and 570 pb! i

i ALEPH exclusion limit ]
Cosmology favored region with 0.5 < Mé <1.5keVic? |

GMSB 7,73
M,.=2A, tan(p)=15
Nn=1, >0

bl i i i TSR
100 J10 120 130 140 150 160 170
%, mass (GeVic?)
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Search for dark photons

Appearing in “Hidden Valley” Models which a new gauge sector very weakly
couple to the Standard Model.

Motivated by the recent high-energy positron excess observed in cosmic ray experiments.

e Dark photons are new light bosons with masses ~ 1 GeV/c2

e Appear as decay products of SUSY particles:
0«
Wt X1 ) 77(10 )N(
// %’ s %a o
q PN
e Analysis of ll~ with spatially close dileptons (arXiv.org:0905.1478)

- 280 e e
Selection: S0 =026V DO 41 b
j ET,,-Y > 30 GEV, ET > 20 GEV \%240:1112:1:5 GeV ------- diphoton searchexclusioné
—> 2 tracks from the same vertex and AR < 0.2 §220 E

=200 ]

= pr,1 > 10GeV/cand pr s > 5 GeV/c glgo E
—> Ditrack system is isolated. 160}~ -
. . 140 -

= Ditrack associated to EM-cluster (for ee) or
0 01 02 03 04 05 06 07 08 09 _1

reconstructed muon (for ) Br(x! - y X)
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Search for long-lived particles decaying into bb

e D@ search on pairs of displaced vertices at radii in the range 1.6-20 cm from the beam axis.

e Signature typically not considered, since secondary-vertex tagging usually performed with
vertices inside the beam pipe.

e Very challenging since it require a good understanding of the material and the background
due to particle-detector interactions (conversions, inelastic interaction with nuclei) or decays
in flight of kaons (and others).

This long-lived hadrons may appear in hidden-valley models and could be produced as decay
products of the Higgs boson.

(arXiv.org:0906.1787)

M,=120 GeV, m_ =15 GeV

— —
> - Data o, »|— Data ] 2
[\ +7 a10 ! = —
oL w1 |- Bkgd S | Bkgd | PP 36fb S | —e— Observed limit
T} r 7 . ~ . i 1 S
o I i — Signal » 10|— Signal # > -3¢-- Expected limit
PEEINES i:_ 1 S ;| % 10| — sMHiggs
g 1 il 0 D, 3.6 fb > 4L & e
o f —>| = W - S
G e : y :
1l 101 : T
10 § i1
: -2 [ 5 1
- 10 1 H H H i 2 D@, 3.6 fb™
2 L P P I S ST [ 0] 0 Y A I 1 I OS5 i . i GO | + PATSN NRTATEN ATRNANANIN AVSTRTATE SYUTUTATES ATSTATATI AATATETE STUTATN ATATATATE A
10 0 2 4 6 8 10 0.97 0.98 0.99 1 = 2 3 4 5 6 7 8 9 10 11
Min(SV1,S5V2) Mass (GeV) Max(SV1,SV2) Collinearity Decay length (cm)

e Good agreement with background predictions.
e Limits set on Higgs (within the HV model)

e First constraints on pair-production of neutral long-lived particles decaying in the indicated
range (at a hadron collider).
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Global Searches of New Phenomena

In order to avoid any possible bias from the assumed model and signature, a
different strategy has been put in place which looks for discrepancies in all
possible final states (and relevant variables).

e Completely independent of the model. (Phys. Lett. B 674 (2009), 257)
) H1 General Search at HERA (e'p, 285 pb™) H1 General Search at HERA (e'p, 178 pb™)
e Good understanding of the de- e N
i ) WE———W® o HE——= T
tector and the SM contributions. S =
= Correction factors account for == =3
Data/MC differences. wE= - mES
= Commonly using hard (and well- 1EEEE——=0 =
understood) objects, which made them ] S=—— .ol B Y ] ===
not completely sensitive to some final &5 @ el S
= But are able to “catch” discrepancies  tHfE=_., HED
: : I E——— ITE——
without biases. y?;":,i == V\ijjj ——
wHES PHEST
e H1 performed a global study of Vii:.::' H1 Viiag H1
the whole HERA sample. ’Tﬂi’ja o [ewom ?H‘; a: Py
- SHITE=—4 == sMm eHHET L == s
e CDF and D@ have theirownre- wireg, = @ ——| wigg—+ ——
sults with partial datasamples. 10710" 1 10 107 10° 10" 10° 10710% 1 10 10° 10° 10° 10°
vents Events
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Global Searches of New Phenomena (ll)

Two approaches within the same framework:

= Check in each distribution how data and pre-
dictions agree.
In rate (number of events) and shape (KS test)

= Search for discrepancies in tails sensitive to
New Physics: high pr or looking for bumps on
mass-based variables.

Probabilistic interpretation of discrepancies
should account for large number of observables
(trial factors)

e Method tested with the rediscovery of top
(Corrected probability is 1.6 - 10~7 (being 10~3 ~ 30)

e Some discrepancies found, but not completely
significant. ..

Number of Events

W bb jj P <1.66-07
o F e DO RunIla dat
c C S 7V — o+ bb SM=4.9
€ 16fC IW—er + b 6 d= 32
w [ B QCD background 5
] I W — v + cc 4
= 147 ) Otk m ]
g 3
E i 2
2" Al NH Wt
10— &o 500 600
s
6—
2— + %
00 100 200 300 4?0 500 600 700 800
398 L Gev)
; e CDF Run Il Data
5j I Other
I | I Pythiajy : 0%
300 |LCDF Run Il Preliminary (2.0 fb ) | Overlaid events : 0.3%
L Pythia bj : 5.7%
+ Pythia jj : 93.9%
200 i
100- lﬁ‘ﬁ
i FT.
P ‘ * %TQM
o : \ \ . : *a r
200 400 600

DO Run Il Prel'minary (1 fb™)

e or is due to mismodeling in the (difficult) predictions.

M(j1,j2,j3,j4,}5) (GeV)
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Summary and Conclusions

e Searches for physics beyond the SM in colliders form a very active field cov-
ering a long list of topics.

e Here just a general summary...

Check the web pages of the experiments for the latest news!

e NO success yet (but a lot of progress and limits significantly improved):

= Direct searches are testing very hard the SM to the last corner and exploring
regions far from those tested before.

= Inclusive analysis are probing that our knowledge of the Collider Physics is very
good and able to globally explain the data samples.

= In both approaches discrepancies found, but nothing conclusive.

e Analyses of the full HERA dataset and the Tevatron data still to be analyzed
(and collected) would provide more stringent tests of the SM, perhaps revealing
hints of New Physics somewhere.

For now. . .the main conclusion is:

The Standard Model is still in good shape (even if we do not like that)
and getting stronger as we approach the LHC eral!!!

(but we won’t give it a moment of peace)
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BACK-UP Slides

Including some analyses not covered
due to time constraints
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SUSY with Jets+tau(s)+ Er events

e As with the stop and sbottom, the lightest slepton may be the lightest stau

e This enhances the presence of 7’s in the final

g - (@) D@, 0.96 fb™
states for events with SUSY (squarks and gluinos), g °f D%(,sym
' i 2 5F Crets
allowing the reduction of backgrounds. 2 m: "
= B s
L 3 f -sinz;Ie-toiz)
1§ E"-:-1-E"-—E"“ l

0 50 100 150 200 250 300 350 400 450 500
£, (GeV)

(‘arXiv.org:0905.4086)

e Using hadronic 7 reconstruction: 5 <o
— Narrow isolated jet with low multiplicity track (NN) ;ﬁ“‘o ]
— pr > 15 GeV/c, |n| < 2.5 - D
— No overlap w/ 2 leading pT jets 1401 LEP2 chargino pre it
— Reject e, p and jets “faking” 7, 1200 .f  Dtaucorridor
c o 5 . . i 2—% _____ ar)1(d error t}%nid ]
e After tight optimization, good agreement with pre- 100F #g - Expectediimit 2
diction S0 B0 100 120 140 160

m, (GeV)

e Limits beyond those by LEP in the “Tau corridor”
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Scalar top searches in top-like events

Reconstructed Stop Mass, B-Tagged Channel

% 25;%5155,5}:%3\/ | - :: (DIL BR = 0.16) 7:

520} -Top(M‘=172.5GeV) .

L - = - F I 2+ Heavy Flavor

When the ¢ is more massive than the lightest M
chargino, the dominant decay is very top-like: Ll

{ — bi:l: — bll/io T " Tzh(:l(:ass (Ge\i)so . 30

Observed 95% CL

CDF Run Il Preliminary (2.7 fb™)
mgxf)=1os,s GeV/c?

BR(T,_ﬁcjb)=1

The differences are: a

BRAT -7 VI)=1.0

e Mass distribution of the ¢t is different than that %

BRA(Y, —7,v1)=0.50

of the top ¥ o /or o
5 e 5 . . 50— BRI, 7, v1)=0.11
e Different “escaping particles” makes topology T M
slightly different s (s Cott. B 674, 4 (2009))
2 121 |\ D@ 0.9 == predicted
T o m, =90 GeV
. ; ) DJ‘]O—— * mx%=135 GeV
CDF uses the dilepton signature (that is en- :
8-
hanced for the scalar top over that of the top) :
6

while D@ looked at the Lepton+Jets final state,
which is the typical approach for top physics.

11 | | - | 1111 | 1111 | 11 IVI | 11 I“I‘ |r“|7 1 I Ix L1
130 140 150 160 170 180 190
m, [GeV]
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The Lepton+Jets Signhature

For high masses, gauginos may decay into real W/Z (and the LSP).
Cross section is smaller but cleaner fi- OOF run [ Prolivery 208" [~ Slonelco

e*e’ Invariant Mass — Data

10 al=y = Bkgdtlo

nal states by identifying the bosons.
XO

1

Events / 12GeV
T T
N
N
@
©

] WHjet
I ttbar
0 WW+WZ+Z2Z

10"

f:Tn;;\H|

100 120 140 160 180 200 220 240
M., (GeV)

Selection:

CDF run Il Preliminary 2.68fb™
M,=1000, A,=0, tan(B)=10, u<0

— 2 electrons (85 < me. < 97 GeV/c?)
— 2 jets (60 < m;; < 95 GeV/c?)

— ET > 40, 50, 60 GeV (parameter space)

oy, 1o Prospino NLO
——— Ogsy, Data Limit

Ogso (x> WZ 2,°)(pb)
—

10" =— G50, EXpected Limit
CDF (2.68 fb—1) | SM Expected | Observed B o Expocted Limt 120
Er >40GeV | 6.41+ 0.92 7 -
Er >50GeV | 3.76 + 0.58 2 e
ET > 60 GeV 2.02 £ 0.33 1 a0 me o a0z 280

1;° mass (GeV)

While there is no exclusion within mSUGRA, this channel is interesting to
search for new particles decaying to diboson and ET.
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Diboson resonances: X — WW/WZ

e After the observation of diboson production at the Tevatron (talk by F. Canelli),
using those events to search for the presence of New Physics.

e Resonances decaying into diboson would enhance the signal over the SM
expectations and they also appear as bumps in the diboson invariant mass.

© Etculs optimized
12 for 00.TODGEN '

e Searchfor X — WW/WZ — (ev)(j7) at CDF
reports no evidence of resonances decaying to di-
bosons.

Evanis J 40 G bin

E00Eey 2

e Selection:
= W — er with two solutions

= Dijets in [65,95] (for W W)
= Dijets in [70,105] (for W Z)

= 3-Jet events also considered

.,- o | EJ’DM s i ..:.....'.Fy.'j.u. e o
ﬂﬂ iod 20 300 400 500 60D VOO GE0DO SO0 Tﬁﬂﬂ
WW Invarlant Mass (Gel)

10 CDF run Bt Preliminary 2.9f"

[ Wi —savgaiph)

Toci

e Interpretation in several models, but optimized
for the expected resonance mass.

107

ot S e =
e Excess at 600 GeV of X — WW. e = R e e

Z' mass (GeV)

e Limits set In different models for the considered final states.

Oscar Gonzalez (CIEMAT) 33 Lepton-Photon 2009, 18/VI1/2009



LED in dielectron and diphotons

e Look for deviations from the SM in the di-EM and | cos 8*| distributions.

e Good agreement in the total number of events.

> : = -
8 b4 (@) ccce ~ Data S 9000g
o 10°E —Total background £ 8000F
o --LED: M, =1 TeV 9 =
] 3L S > C
= 10°¢ DG, 1.05 f5* ---LED: M, = 2 TeV W 7000F
= o[ 1t [ IDrell-Yan =
W 10°E Diphoton 6000;
10 N Multijet 5000

1; B T eI 4000

= o D 3000F

10 _! ] s

- 2000F

10% g 1000(-

C \ \ \ \ E

200 400 600 800 1000 %

a1 (a) cC-CC * Data

Multijet
—Total Background
--LED: Mg =1TeV
---LED: My =2 TeV

D@, 1.05 fb!

-
a4
—io=

di-EM Mass (GeV)

e DO published analysis with Run lla dataset.

e Set 95% C.L. lower limits on the effective
Planck scale, Mg:

= GRW (leading order, n4 independent):
Mg > 1.62 TeV

= HLZ (sub-leading, n4 dependent):
Mg > 2.1(1.29) TeV forng = 2(7)

M, [TeV]

0.2 0.4 0.6 0.8 1
|cos(8)]

(Phys. Rev. Lett. 102, 051601 (2009))

| IDO PRL 86, 1156 (2001)
--expected limit

—observed limit

251

D@, 1.05 fb*

4 5 6 7
Number of Extra Dimensions (nd)
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Excited fermions

Existence of excited states of the known fermions has been postulated to un-
derstand the family structure and mass hierarchy in the SM particles.

Typically appear as natural consequence of compos- e )
Iteness models.

Excited states of fermions may be produced at collid- Bl
ers, depending on the mass and on the dynamics. q a i

(Phys. Lett. B666 (2008) 131)

Full HERA statistics analysed and published.

1 Search for v* at HERA (e p, 184 pb) - Search for e* at HERA (475 pb™) ; Search for q* at HERA (475 pb™)
Y E f=-F TR f=+F T F 5 f=f,f =0
% C H1 % C H1 % E s g
S § o B o L DELPHI i
' = =L BR(a—an=1]
<10'E 107 E ;
JTE S0k - :
- - S f
- E T I
102 [ 10 3
: 10° 2
i C 10°E
e bbb e e 107 it liaals MR . ! ! ! ! II-I1
100 120 140 160 180 200 220 240 260 280 300 320 100 120 140 160 180 200 220 240 260 280 300 10300 150 200 250 300 350
v* Mass [GeV] e* Mass [GeV] q* Mass [GeV]

= Best world limit for excited neutrinos in colliders

— Best excited quark limits for fs = 0
(Search is complementary to those performed at Tevatron, where one assumes f; = f)
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Quark radius

HERA is able to measure quark form-factor (electron assumed to be point-like).

If a quark has a finite size, the SM cross section Is expected to decrease at
higher Q?:

R, 1s a root-mean-square radius of the EW charge distribution in the quark.
The same dependence expected for e-p and e+p.

T T T T T | T T T T T T
10 & U T ||||||| . ZEUS(preI)ep044fb1
g [ 105 4 ~—= RZ= (0.6310"°cm)?
Z | 1 leteeleagielt O R2_ -(0.57 10""%cm)?
Z [ oss |- ?
0.9 ||||| 3 1 1 4
10 10
1 e 9-0-0-0-8-0-0.0-0.9- -8 @rurciarcigese #1020 e
Quark Radius Limits {(prel.)
| | | | 1 | 1 | L1 |

10° 10" 5

At 95% C.L.
ZEUS (94-07 data): Rq < 0.63 x 10— fm

H1 (94-07 data): Rq < 0.74 x 1073 fm
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Isolated leptons and E, at HERA

e Events with a high-pt lepton (e or p) and large ET
e Sample dominated by single W production (o ~ 1.3 pb)

Preliminary

e Excess in the positron data seen in the pub- 2 | e HLZEUS (059 1b)
o o g 2 e+p . SV
lished H1 analysis at large PX an area of phase 0 sM signal
space where the SM expectation is small m%
e Not confirmed in the ZEUS analysis. 1'
: 2
o Excess_ still there in the combined analysis 10_10-| i 30//4% %/éo ol
(1.90), driven by the H1 data. PX [GeV]
" _Preliminary
For p7¢ > 25 GeV (in eTp dataset): 5 o HiezEus 030 )
(Zj 10° SM Signal

Expected (SM): 14.02 £ 1.94
Observed: 23

10

&E
|

= -
This analysis also used to measure the single W

production cross section at HERA. 101 1%%6{ il

80 90 100
PX [GeV]

(See talk by F. Canelli for the details)
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R-parity violating sneutrino

This particle may be observed as a resonance into
electron and muon.

e Very clean topology: 2 isolated leptons with dif-
ferent flavour and charge, no jets, no ET.

e Low backgrounds: WW, fakes and Z/~* — 71
e Final result for Run lla from D@ already published

e Analysis perfomed with 3.1 fb~! (Run IIb) and
combining results with those from Run lla.

Good agreement:
143 events (with 145 + 4 expected)

Current limits going beyond LEP results.

CDF analysis performed with less luminosity but including 7

in the final state (see next slide)

D@, 3.1 fb* preliminary

Events/10 GeV
S
TTT TW T T

[y
TTTTT

® DATA
e
- diboson
l:l ttbar
D wHetly

enass Signal (M‘] =100 GeV)

Mgy

50 I —
. 45;D®, 4.1 fb~ preliminary
i s0F — Observed Limit
& st Expected L!m!t
& gof Bl Expected Limit 1o
N [ Expected Limit+2 o
X E
s E
-
@)
X
LD =
o 5

0:1 | |

T R T —
M@ (GeV)

1 IR SRS RN S S\
200 250 300

- D@, 4.1 fb" preliminary
6

PR S S R
100 150

PRI R S
250

M@ (GEV)
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Rp violating sneutrino at CDF

Analysis performed with 1 fbo—! of data but also looking at er and w7 final
states (sensitive to different classes of sneutrinos)

CDF Run Il Preliminary 1 ™ el Channel

10° g
2 1 Y500 GeV/c?) signal

[}] l

3 N, =0.10, A,,,=0.05

g 10 Data 1
2 B Physics Backgrounds
:>j 10 [ ] Fake Backgrounds 1

100 200 300 400 500 600 700
Invariant Mass of ep (GeV/cz)

CDF Run Il Preliminary 1 fb™ pt Channel

S [ %500 GeVic?) signal

8 10° N,;,=0.10,A,,,=0.05 -
2 —— Data

2 I Physics Backgrounds
c 10 4
L% (] Fake Backgrounds

10} b%i ;

102 ¢ ;

L L . o0 .

100 200 300 400 500 600 700
Visible Mass of pt (GeV/cz)

95% CL o x Br (u1) (pb) 95% CL o x Br (ep) (pb)

95% CL o x Br (e1) (pb)

; N.L.O.pP - V. - ey, N =010, =), =005 ]
10 E —— Observed -
T T Expected E
[ lo
VE E
101 E E
2 \
107 100 200 300 400 500 600 700 800
N.L.O.pP - V. - pr,)\’m: 0.10,X,,, =A,,, = 0.05 ]
10 B — Observed =
E N N e Expected 3
[ lo
1 F -3
wt TN =
1072
100 200 300 400 500 600 700 800
— _NLO.pp -V, - et,)\’m: 0.10,X ., =A,, =0.05 3
10 —— Observed -
E NN e Expected 3
[ lo
1 F E
O -
102
100 200 300 400 500 600 700 800

¥ Mass (Gevic?)
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Rp violating SUSY at HERA

e Resonant production of single squarks
e Many different decay channels possible

e Branching fractions depend on SUSY parameters:
Mo, i, tan 3

e Search in many topologies

e Scan SUSY parameter space

Search for Squarks in R, SUSY at HERA (ep 255 pb™) Search for Squarks in R, SUSY at HERA (ep 183 pb7)

N N
= 1 5
ik x
= =
)L'.‘.‘(AF’V)
1 0_1 421
ctor SP%E -
ded“‘va tanp=2 (uded In n port of param S i
102 > Coai Ry -300 < it < 300 GeV 102 ExC g -=2300 < < 300 GeV
e 70 < M, < 350 GeV = e 70 < M, < 350 GeV
E— M, 10,=90 GeV e M!,epm,‘:so GeV
[~ M, . > 30 GeV imposed R M, . > 30 GeV imposed
1 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 1 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0100 120 140 160 180 200 220 240 260 280 0100 120 140 160 180 200 220 240 260 280
Squark [GeV] Squark [GeV]
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Contact Interactions

New interactions at high scales (A > +/s) can be effectively described at lower
energies as 4-fermion eeqq Contact Interactions (ClI).

ZEUS

94-00 e*p 94-06 (prel.) e*p
O -1A? best fit value ® +1/A\?pest fit value

LEP

—— allowed +1/A? range
A (TeV) A" (TeV)
Tevatron VA |32 T e
e Different models assume different helicity O T S e N S
i : . X5 | 55 | : | 45
structure of the new interactions, which are w6 |se ==
given by 772%, whose relationship with the rel- I T 64
evant scale is uz {es == 53
us | 7.9 : : 6.2
us 6o == s
e All fitted values for A=2 are in agreement us 41 == 5
with 0, i.e. no sensitivity to new interactions. L |47 —  —e— a2
LR | 20 3 % ; 3.7
Limits depend on the model, set on the scale RL |22 =T ——— 36
for the new interaction: RR | 45 37

-0.4 “—0.2“‘8“‘0.2“ 0.4
A > 3.8 — 8.9 TeV (at 95% C.L.)

+1/A? (TeV?)

eq :|:47T
Top = £ 42

Oscar Gonzalez (CIEMAT) 41 Lepton-Photon 2009, 18/VI1/2009



Search for ¢’

e In the search of particles of a “fourth generation”, some effort on the search
for t’ (and also b’).

e The t’ Is assumed to be (strongly) pair-produced, with a mass larger than top
and decaying promptly to W q final state.

e Analysis exploits similarities with tt final states to make use of the experience
with that event selection (“lepton+jets”).

I ! I v
' . CDF Run 2 (2.8 fb)
CDF Run 2 (2.8 fb") ) Preliminary
e Preliminary g 1t t'—-Wq, > 4 jets E
.55 [ Hy vs Meco
1
- m(t')=450 GeV | 'Q
| == l © 0.1F observed
t observed | L_ ]
100 ¢ '
" top . .
Wijets theoretical prediction
o = Qch Bonciani et al.
B 5 " il | L : i . ] 1 l 1 l 1
0 100 200 300 400 500 200 300 400 500
Mreco (GeV) t' mass (GeV/c?)

CDF excluded a standard model fourth-generation t’ quark with mass below
311 GeV/c? at 95% C.L.
(See talk by F. Canelli for the details)
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Search for b’

e Existence of a pair-produced b’ decaying into W +top may be observed Iin
events with two same-sign high-pr leptons.

e Validation of the predictions for Drell-Yan and top-quark production in the
opposite-sign selection, where backgrounds are large.

e Small number of events in the final selection, dominated for misrecon-
structed charges and fakes.

L 1 95% Limits for b’ (CDF Run Il Prelim 2.7/fb)
CDF Run Il Prellmlnary (2.7 fb ) CDF Run Il Preliminary (2.7 fbrl)
) T 1 T L L L LI N 1T 1T 1T 1T 1T 1T 1T 1T 1T 1T — 400
w8OF \ T \ \ Data L R RN RN RN RN RS R 3 o) w \ \ x
| . H . S 4 ‘h
§7ol ‘ E , Data — — Theory
o F Uncert. o 10 Uncert. =
G F . 3 - © — Observed
Le0F | [ Z,diboson 2 [ Z diboson 5 300 -
& [ - & i Expected
2 | ‘ g B tt @
T ~ Pt it -
50 1N E 0p) [+
. L B Fakes E 20
; WFae B 20
r ] (@)
L m S
301~ - @)
20 B 100/
E : ] 10 L e | e,
10 e -
s s 2 | | \ |
% 20 40 60 80 100 120 140 10°0 20 40 60 80 100 120 140 160 180 200 0 280 300 320 340

Invariant Dilepton Mass (GeV/c?) Missing Transverse Energy (GeV/c?)

Mass [GeV/c?]

Excluding a b’ having m < 325 GeV/c? at 95% C.L.
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Dijet mass resonances

e More difficult than in the case of leptons due to poorer resolution.

e Also challenging due to the large (and not easy to handle) QCD background.
(Phys. Rev. D79, 112002 (2009))

e Selecting jets in events with

—= 10°
Sy . —e— CDF Run |l Data (1.13 b ) ) )
;‘:;3 132 ..... Fi = Midpoint algorithm (R = 0.7)
En = Central jets: |y| < 1
= 1 - - -
g o = High mass dijet selection
R e Data agrees well with NLO pQCD pre-
10° ; dictions.
10 e . L R e .
L ggf 0o 3 e To search for narrow resonances a
= 0.6 _D_Dg;w*-':-w"w%. smooth functional form is used to fit
5 0o UAETETEOTTETT the data:
R AN A~
o A . — = a(1 — x)b/gctdlog(x)
T 200 400 600 800 1000 1200 1400
m, [GeV/cZ]

beingx = m/+/s
e No significant indication of resonances has been found.
e Limits set in different models: excited quarks, W', Z/,. ..
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Compositeness and LED in dijet angular correlation

i - S o1 —— Dg 0.7fb"
e As part of their dijet studlc_es, CDF and = W — ctanderd Model
D@ look of angular correlations. 5 005 [H3 - - - Quark Compositeness
Variable: 8 o B 0P MTEV=03 A=22TeV (n=+1)
® Yaranie: 1+ cos §*8 o1f b ADD LED (GRW)
— B M.=1.4TeV
Xdijet = expP(|y1—y2|) > iyt
1 _ %  0.05 f --- TeV'ED
massless ] COSH - O‘.3<ij/T‘eV<0.4‘ M,=13TeV
O L | L | | L | |
0.1 I
e Sensitive to new physics, where we 005 F 1T+ - '
- 0.4 <M;/TeV <05 |- 0.5 <M;/TeV<0.6
expect an excess at large m;; and ol L L L
0.1 - iy
small Xdijet WW@—T—"’—
0.05 - * }1 '
e 95% C.L. limits on mass scales for o Lo DOSMITEVEDT b, 9T <MfTEV =08
New Physics: - :
= Quark compositeness:
CDF: A > 2.4 TeV 3
0.05 - -
DG : A > 2.8 TeV g _+I.0<|v|jj/Tev<1.1 - MyTev>11
O | | | | | | | | | | | | | | | | | | | | | |
Large extra dimensions: . S
= Large extra dimensions (‘arXiv.org:0906.4819) Xaiet = €XP(IY1-Y-l)

D@ : A > 1.6 TeV [on ADD (GRW) and TeV~!]
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Delayed photons

e The CDF EM Timing System allows to find out-of-time photons
e Intended to reject non-physics events (bremsstrahlung from cosmics or

beam halo)

e May be used to search for a Gauge-Mediated
Supersymmetry Breaking (GMSB) Model in which
the neutralino is relatively long-lived (between 2

and 10 ns).

(z,tf) CDF Calorimeter
prompty y
1 | -
- = G
p (Z'ti) p

e Timing selection is the most discriminant.

e 2 events observed in time window (2,10) ns.

e Expected 1.3 £+ 0.7:
— 0.71 from SM (o = 0.6 nSs)
— 0.46 from cosmics
— 0.07 from Beam Halo

Events/ns

—
TTTI L

—
e

10°F

i
o
LLLL B

-20

0

L B | I B

~7+E_+Jetdata (570 pb’) |
— All E
Standard Model
Beam Halo i
B Cosmics |
---- GMSB Signal MC 3

60 80
Photon Corrected Time of Arrival (ns)

20 40

(Phys. Rev. Lett. 99, 121801 (2007))
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'y'+E +1]et analysis with EMTiming (570 pb™) ]

L I’J [ 1l

| Predicted exclusion region

Observed exclusion region

ALEPH exclusion upper limit

. GMSB ff’wé
% Myese=2A, tan(B)=15
: N eee=1, >0

.. .

% =
i A | ||I| L
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Status of the Bs — uu search

e Searches for the decays Bs — upup and B; — pp are a powerful tool to

probe for physics beyond the SM.
e Branching Ratio is very small in SM: 3.8 x 10—?

e Various extensions of the SM predict an enhancement of this branching ratio

by 1 to 3 orders of magnitude, reachable by Tevatron experiments.

e Models motivated by the deviation of the muon (g-2), neutrino oscillations,

and dark matter/dark energy results.

The best limits come from CDF (with 3.7 fbo—1)
BR(B, — ppu) < 3.6(4.3) x 10~8 at 90 (95)% C.L.

0.8<v,,<0.95

Candidates / 24 MeV/c?
=
al

' " CDF Preliminary 3.7 fo™
. Bd. .BS . CMU-CI\IX

BR(By — pp) < 6.0(7.6) x 1072 at 90 (95)% C.L.

L L A. - L H L 1
4.8 5 5.2 5.4 5.6 5.8

My’ p [GeVic?]

= JUST BLESSED FOR LPO9!

uE By B 0.95<v,,,<0.995

= Reaching sensitivity where SM signal may

T

Candidates / 24 MeV/c?

IR |
:H|V —L||_||_| ﬂuﬁunwn |7

s
o
—]
[

O

E L i A L
4.8 5 52 5.4 8

Interfere (but not be observable).

M i [Gevic?]

_ S E T BB osmeae 3

D@ results (2 fb—1): g Uy o 3
BR(B, — pup) < 7.5(9.3) x 10~8 at 90 (95)% C.L. | BT I E

S 0o L S 56 Mp*sf[eewcz]

(See talk by T. lijima for the details)
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