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Outline

Tevatron and the collider experiments
Supersymmetry in a nutshell

Most recent results on:
— 3rd generation squarks searches

e sbottom

e stop

t, — bxi — bxlv t1 — cx? t; — bl e+p+2b+MET

— Gauginos searches

e same sign dileptons

e diphotons + MET

e « Hidden Valley » leptonic jets
— Charged Massive Long-Lived Particles: => Sudeshna Banerjee’s talk yesterday
— RPV searches

e tau sneutrinos

e 3-jet resonances

Summary
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Tevatron @ Fermilab

® Both CDF and DO have recorded
over 10 fb! of data with over
90% efficiency

® | will concentrate on results using
up to 6.3 fb! of data
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e P-Pbar collisions at 1.96 TeV
e End of Run II: September 30, 2011
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Detectors @ Tevatron

Silicon Tracking, |n|<2.5 e Silicon Tracking, |n|<3

Drift chamber
1.4 T B Field, |n|<1.1

e Scintillating Fiber Tracker
e 1.9TBField, |n|<2

Pb/Cu/Scint Calorimeter|n|<3.2 e LAr/U Calorimeter, |n|<4
Jet Energy Scale 2-3% e Jet Energy Scale 1-2%
W Drift/Scintillator Counters, |n|<1.4 e Drift/Scintillator Counters, |n|<2

Forward Mini-drift | Forward Scintillator

muon system

Central Scintillator

calorimeter chambers 7
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Supersymmetry in a nutshell 1/2

e Standard Model very successful but not complete

e Supersymmetry (SUSY) is a very popular SM extension
extension of Poincaré group: fermions € bosons

Standard particles — T3 SUSY particles
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: Squarks W) Stoptoils ) Susy :
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R-parity:
BUT Symmetry to avoid L and B number violations
- full set of new particles ("s"-particles) If conserved: sparticles need to be pair-produced
- broken symmetry there is a stable LSP (DM candidate)

- sparticles masses must not be too high
If violated: sparticles decay to SM particles

(small couplings A, A, \”') 5
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Standard particles — T3 SUSY particles
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R-parity:
BUT Symmetry to avoid L and B number violations
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Supersymmetry in a nutshell 2/2

SUSY breaking mechanism is unknown =>
many models giving rise to different phenomenologies

usual‘ mMSUGRA generic squarks and gluinos

My My, A

tan F sign(u)

sbottom and stop

gauginos — leptons

stopping gluinos
gluino metastable PPINg g

lepton-lepton couplings

mSUGRA RPV
R-parity violated

lepton-quark couplings

LSP = light gravitino photons + missing energy

- AMSB - long lived heavy charged particles
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t1 — XY 2 cjets + MET

Public Note 9834
CDF Run Il Preliminary

jL dt=26fb "'
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stop searches

stop, potentially lightest squark
stops are pair produced
three decay paths studied
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Assume m(b)+m('>21°)<m(El)<m(t)+m(§€1')
only b,>by,° possible; ¥,° is LSP

Events / 10 GeV

sbottom search

Signature: 2 b-jets and large MET

Challenges: Trigger on jets+MET
Multijets estimate

Selection:
jets with pT>20 GeV
Two leading jets not back-to-back

10°

10?2

10

at least 2 b-tagged,

MET>40 GeV

Run 248968 Evt 48062268 Fri Jan 23 06:59:26 2009
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o . Public Note 10465
same sign dileptons 51 o

e From decays of squarks or gluinos pairs

CDF Runll Preliminary [ £dt =6.1 fb™’

Process Total £¢ JLpL ee e
tt 0.1=0.000=00 00=x=0.0 0.1=x=0.0
Z — U 59+1.700+00 48+16 1.1=+0.8
WWWZ.ZZ 72+£0515+£02 20+£0.2 3.7+£04
Wi(— v)y 09+0.700x=00 0505 04+=04
Fakes 13.8+7.232+24 46+2.2 6.0+3.1
Total 280+7547+2411.9+28 11.3+3.3
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diphotons +MET

PRL 105, 221802 (2010)

6.3 fb?!
e GMSB model: f(o ’ G
/S / L g .
—  Gravitino: LSP; Neutralino: NLSP ¥ ) ~Y
. » e
e Two central photons with pT > 25 GeV q e T
X -
e Backgrounds: & A — v,
— Instrumental MET (SM vy, y+jets, multijets) , il - 3 -
— Genuine MET (Wy, W+jets, W/Z+yy) with misID electrons q % i T
TR -8 _
1 :‘0 AN .{
MET > 75 GeV GMSB )(1 &
Data Total MC  A=100TeV A=120TeV
1 1.9+0.4 14.3+1.1 4.4+0.4
SPS8 GMSB SUSY (Prospino 2.1)
%’ N DO6.3 fb! e vy sample data ] g. 10 = DZ 6.3 fb™ B8 NLO cross section =
O 10° gy E e - observed limit -
e EL SM + GMSB (A =120 TeV) 3 - _ - expected limit .
E 102 -~ SM+ UED (R =460 GeV) B I expected limit £+16 7]
S — sMyy 3 B expected limit 2 |
> —
% 104 Bl vz = 10 =
I:I misidentified electrons E E E
1 [ misidentified jets 3 B =
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e Hidden Valley models:

— introduce a new Hidden Sector, weakly coupled to the SM
which can contain supersymmetry

— force carrier in the HS is dark photon y,

—  HS-LSP: X
e 3 possible final states:

leptonic jets +MET

— Both dark photons decay to photon + HS-LSP (6.3 fb! diphoton analysis)
— One photon + one leptonic jet (previous 4.1 fb! Hidden Valley analysis)

.PRL 105,211802 (2010)

5.8 fb!

— Both dark photons decay to tightly collimated jets of fermions: leptonic jets
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PRL 105,191802 (2010)
5.3 fb-!

tau sneutrino

e RPV model: single sneutrino produced d(py) ¢ (ps)
e only third generation sneutrino produced, > <

and it's the lightest d(py) U ([34)
e All couplings equal to 0 except:

D@, 53fh ¢ data
.. signal (M =100 GeV) @2/y*
signal (M —400 GeV) EW+jets

Cldiboson

311 321
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! . — — —
A 311/ }\312_)\321_-)\231__}\132

=> Search for a resonance in ey final state 10

e Selection:
— e with p;>30GeV,
- wwith p;>25GeV 10"

— no jets with p;> 25 GeV
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arXiv 1105.2815

3-jet resonances .,. acceptedbyPRL

_CDF RUN Il Preliminary 3.2 fb'

—|— > 6jet Data

QCD Landau prediction
— + Gaussian fit
fixed at m=175 GeV/c®

e RPV model: gluino pair - 3+3 jets with no MET g
e selection: N(jets) 26 ; X p(jets) > 250 GeV; MET <50 GeV =, '8f

16
e multijet background shapes from 5-jet data 1af-

(top mass window excluded) ::_
e diagonal cut [2p; > M(3jet) + offset] :

on all 3 jet-mass combinations
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Summary w

e Tevatron has been running exceedingly well and reliably for years
and has delivered more than 11 fb! to both CDF and DO

e Extensive searches for SUSY signals have been performed at the Tevatron
experiments.

e No evidence of SUSY yet, but ...

e The LHC has started, already surpassing some of our results (squarks and
gluinos) and will keep doing so...

e But until then, we still have some original work in progress:
new exciting results should appear shortly!

e For a complete list of results refer to:
— http://www-cdf.fnal.gov/physics/exotic/exotic.html
— http://www-d0.fnal.gov/Run2Physics/np

Eric Kajfasz, EPS Grenoble, July 22, 2011 15
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XY is the LSP

Assumptions mz S ™y
Mg <M, — Mp

stop search

PRL 104, 251801 (2010)

th — by — b

X1 Lt Ve X1
Similar to ttbar dilepton searches r—rt zr—d” i~ i
Selection W% 4 o X & —x 6 ¢
—  Two leptons with p; > 20 GeV g, \, Ny N
— Two jets with p; > 12 GeV
-  MET > 20 GeV
Two samples Data Total MC  Stop*
No b-tag 65 65.949.8 3.910.9
>=1 b-tag 57 56.4+7.2 9.5%1.9

B-Tagged Channel

‘ T T T T | T T T T ’ T T T T | T ‘ T T T

_ 2 P =
Mi»—138.3 GeV/c® CDF Run ll Preliminary (2.7 fb™) - data (2.7 fo'")

M,=105.8 GeV/c?
. Stop (DIL BR = 0.50)

M,:=76.2 GeV/c?
- Top (M=172.5 GeV/c?) |

- Z + Heavy Flavor

] | Z+ Light Flavor

I\I\|I\I\|\I!\|\I

" [—— i ‘ | 1
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100 350
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1

m(x

Observed 95% CL

CDF Run Il Preliminary (2.7 b))
m({,)=105.8 GeV/c*

BR('t'1—>ifb)=1

70

120 130 140 150 160 170 180

m(t,) GeVic?



Events/14 GeV

Did stop search  Pusess, 21 o)

~

Assume 'V is LSP or decays in v +,° Yz'
Look for em + MET b \\
Kinematics depend on AM=M(t,)-M(v):
“Large”: AM>60 GeV [ b
“Small”: AM<60 GeV b .// 4"
“Large”: larger MET, higher jet and lepton p; (y'.+~)‘.?

Separate multivariate discriminant used against
3 main backgrounds Z -> 7, ttbar and WW

~140
= A oM > F
7 DO, L=5.4 b M (c) § |
et =1t 3120”_ ------
=== Diboson § I
szytZ 0 A R\
= L @ - G40
-o-Data = * 7 L=54fb" |*
smn M(110,90) 3 100 Q¥ s~ —DPObs. |}
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stop search CDF Public Note 9834

e 2 acoplanarjets + MET

e Preselection criteria:
—  MET>50 GeV
— 22jets (1 central) ET>25 GeV
— Leading jet: ET>35 GeV
— at least one HF tagged jet

e Signal optimization:
— exactly two jets

—  AO(MET,TrkMET)<m/2
_ -1
— 2 NN (multijet, HF tagging) CDF Run Il Preliminary J"- dt=2.6 fb
NQ [ — Observed Limit (95% CL)
1 % 120 === Expected Limit (+10)
CDF Run Il Preliminary jL at=26 " Sum of network outputs ) |
L F * CDF Data < 16T » i
S 700 [ HF Multijets A » 100
> C [ Light-flavor jets 8 14F - — Charm © B
w 600 F [ Top-quark [3) C ' > Y7~ Y £t
. [ Electroweak bosons g. 126 ‘ . |Bottom S -
F — signal m{=125, m(n=70x10) | © [ [ Light+Taus c 80 3
500 . — Signal m({t)=135, m()=70(x10) | 5 10E ﬁ B
. — Signal m(t)=115, m()=70(x10) | C = i i
400 Ke) - 3 60F
: 3 °F 2
3001 w 6F H\{’T ’
- - e _ (o]
200k . S 40 LEP6=56
. - . - —LEP6=0°
100:_ 2__' ) ‘tv\tjj._l—"ﬁ -IIIIIIIIII Y
Rl 3 j A NIIINHININIY . 60 80 100 120 140 160 180
-1 05 0 05 1 %.8 1 12 14 16 1.8 2

Stop Mass [GeV/c?]
NN Output Sum of outputs



Public Note 9817 trileptons rseso, 34 (2009) w

e Gaugino pair production
e Small cross-sections but spectacular trilepton signature

e Small SM backgrounds 1
e 3"depton can be identified as an isolated track q 70 Z,/'< I 7
e Cuton lepton p;, MET and Z mass > y\[+<2‘\ & %i
~0
sl = X 79
q XN be -

Search for 57, CDF Run Il Preliminary, 3.2 fb"
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Public Note 9817 trileptons rseso, 34 (2009) w

e No excess seen in data
e Limits set in the framework of mSUGRA

CDF Run Il Preliminary, 3.2 fb"
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