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" Supersymmetry
- Tevatron limits
- LHC analyses so far
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\ Supersymmetry

The idea: particle physics is symmetric under transformation of Fermion « Boson
— one supersymmetric partner for each SM particle

— stabilizes Higgs mass, unification of coupling constants, dark matter candidate
Superpartners are heavy — SUSY is broken — masses unknown

Prediction:
— Extended Higgs sector: 5 Higgs bosons h,H,A H*

— Many new particles: Charginos/Neutralinos/Gluinos, Squarks, Sleptons

Names spin 0 spin 1/2
squarks, quarks | Q | (@p dp) | (ur dg)
(% 3 families) T i, “'_Ea Names spin 1/2 spin 1
d J_’}} d}g gluino, gluon a g
sleptons, leptons | L (v €r) (v er) winos, W bosons | W WO |wt w?o
(x 3 families) € €R ek bino, B boson B B°

Higgs, higgsinos | H,, | (H} H? {fff; Eﬂ
Ha|(Hy Hy)|(H Hy)

Elzbieta Richter-Was Lectures on LHC physics



SUB)c X SUQ2) X Uy

_ sBosons sFermions
Quarks aL, dr &
Y 5, Z, W+
Bosons :> Rl e
I, lr HY H: H; , HY
Leptons | Do
1,92 W X

* SUSY (fermion<->boson)
Different models
- NISSNL conserved R-parit}-’ - (_I)S{B-LHES-!

- pair production of SUSY particles |
- decay to SM particles and the stable LSP (the lightest SUSY particle)

=« GMSB, gravitino is LSP
= R-parity violated models (decaying LSP)

SM parti'&es

Experimental signatures
(Detector) EM objects, tracks, jets, missing energy

Elzbieta Richter-Was Lectures on LHC physics 3



A typical mass spectrum
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Elzbieta Richter-Was Lectures on LHC physics



Tevatron: inclusive search for generic
squarks/gluinos

Squarks/Gluinos produced via strong interaction

— large cross sections at hadron colliders

Decays: jets + LSP

— LSP assumed to be stable (R, conserved)

— Signature: jets + K
g J T Lsp !

CDF analysis

Mjm =3 MET=120 HT>330 CDF

qq — qq + E7

100 *— Data (L - 2.0 fb")
s QCD +non QCD Bky.
- B . non OCD Bkg.
a 107 —'—|_._l Total Syst. Uncertainty
QO F L —— Bhkg.+Sig. M, - 243 GeVic’
=] N — | z
™ | M. - 270 GeVic
S—
10} L
"E g :E‘I\é "
3 |
1 —_— | .
— Multijet Background Background:
i Z— vr+jets
10" Ll f | 13 | el
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missing-E;[GeV]
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\Tevatron:

Squarks and Gluines (2.1 fb-! jets+MET inclusive)

95% C.L. limits set on squark and gluino masses and mSUGRA parameters
DO PLB, 660, 449 (2008), similar limits CDF PRL 102 (2009) 121801

L ol

— 600 T K
% ~{LEP2 % I = 250 p
2500 4 LEP2 T Q Dg, L=2-1 fb
g,, N g 200 tanp=3, A0=0, u<0
400
[1°] = = | < N
E SHI5 b no mMSUGRA (3 ~ 150
>~ 300 = solution_ [ E
] Soe : 100
S 200 DO, L=2.1 fb' {
wn tanp=3, A =0, u<0 50
100
% NN l:]'l:.'i 200 300 400 500 600

% 100 200 300 400 500 60(
Gluino Mass (GeV)
Excluded:
M(squark) < 379 GeV, M(gluino) < 308 GeV

(most conservative hypothesis accounting PDF and RF scale
uncertainty on the signal NLO cross-section)

masses up to 390 GeV for M(squark)=M(gluino)

m, (GeV)

Improvement vs . EP2 results

"
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A typical mass spectrum
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Particle Spectrum
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‘ Tevatron: Search for sbottom quarks

Decay: b — b+ x9

— jets+.Fp analysis with b-tagging

New result: D@, 5.2 fb—!

!
Lsp,

- = T I ] T T I T I = = T T T T T
g 105 E_DU, L=5.2 fb 1 —— Data 3 103 g DD L=5_2 fb_1 —s— Data [a)
o C e — blx‘: (130.85) GeV o C — by (130.85) GeV
S0ty === LQy 240 GeV N I --- LQ; 240 GeV
2 - . . Z+jets g 100 U Zets
g 10° - (A Woijets ] F Wojets
@ o F Loy I Top & [ I Top

B & - Diboson [ Diboson

107 3 Multijet 10 Multijet
10 | L. i

r T_ 1 3

C . | L L, .

0 100 200 300 400 0 100 200 300 40(

E, (GeV) Er (GeV)
before b-tagging after b-tagging
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Tevatron: search for supersymmetry:
sbottom quarks

Visible energy in event depends on E:--x”ﬁ' mass difference Am — mass-dependent cuts

Example low Am: 901 events observed, 9711152 events expected
— No reach for E-:)Ei' mass differences below 30 GeV (trigger)

Example high Awn: 7 events observed, 6.9+ 1.7 events expected
— Probing sbottom masses up to 250 GeV

3 5.2 " (b)
DO, L=5.2 fb
S 120 7
w = Observed - "
8 100 -- Expected . % -
= .
o DO i
— \ —]
£ 90 NI
5 s0l CDF i
E \ Runit ,
= EDFl }295 pb™| '.‘!
40 - Sg?lb'1| 'li ': N
20 | 1 =
0 ! Iy ;
0 50 100 150 200 25

____Bottom Squark Mass (GeV)
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‘ Tevatron: search for charginos and
neutralinos

Most sensitive channel: 5(":':;523 — 3¢ + Er
Challenges:
— production cross section (electroweak) relatively small

— low-pr leptons

Large number of trilepton and dilepton plus track analyses
from CDF and DO

— ptcuts as low as 3 GeV q x4
requiring 2 leptons requiring 3 leptons

% B T T T T I T T 1| T I T T II:)IatIa T T I_ %102§| T T I T T T |1| T T T I T T II:)Ialtal T T ;
- D@, 2.3fb - 4 - DO, 2.3f1b - ]
(4] _ r _ * ] (] o r r * ]
@ o uul selection Sﬁaltue\; ] = eel selection Shzﬂ‘altu;tf i
77 Osusy 1 ] a: i
£ F [susyz EW-+jetly - 2 f T EW+jetly
= & 4 EWW,ZZ |
= W7 o W7 E
i Clsusy 1 7
10'F [Lisusy 2
10%F 3

150 50 100 150 200 250

m,, (GeV) Mg (GeV)
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Tevatron search for charginos and
neutralinos

CDF Run Il Preliminary, 3.2 b’
T T T T I T T T T T T T T I T T T T I T T T T 26{}

T mSugra tan =3, A =0, () = 0 erved Limit | 180
g - D@, 2.3 'k Search for f;{u ] M) = mig) !E:Sm;:mi:
QS 300" mSUGRA Bl DO observed limit mg). mikip) > mi) LEPF_ e | 170
s [tanB=3,A=0pn>0 DO expected limit ] 240} o E rectlimi |
E - & — CDF observed - . & — 160
g limit (2.0 fb™) : B ; 1o
250 o 1 G0 E
- & 13 [ 140
.-'_";" wn - ]
B & 1 e T ]
- 1 g0 130
200~ LEP — : ]
_ Slepton i E
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150_I 1 1 1 I 1 1 1 1 ILIEPI clhlarlglll1{l:I II_III‘T.‘IIt 1 1 1 I_ _: 1':"]
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i
[= =} =
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I."I:l {GEV} m, I[GEW(:E:I

— Analyses probing chargino masses up to 176 GeV

— Reach degrades with increasing tan/3
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Search for charginos and neutralinos

= - o 4 = 0.3
(-1) [][a 23ij Searchmr,‘f »‘f B RRAR RARAN RARRN RAARY JSALAMMLAAMLAMML AR
@ 300 mSUGRA m a r DEi 23fl:j .
. E o5 A - 0.u>0 g geeiedimity S b M- 130 GV - MG -1 Ge -
E B g’“ — CDF DbSE‘F‘u’E‘d 1 & - — Observed Limit
250 limit .06 7 L oz - Expected Limit
- & I
L %':f;\‘_\. ] _g L
200 LEP — 0.1 |
" Slepton i i i
L Limit i [ |
150 LEPCharglnnlelt _ R TR NN
I : - ™2 3 4 5 6 7 8 9 10 11 12 13 14 15
0 50 10{1 150 2{10 250 tanp
m, (GeV)

— Analyses probing chargino masses up to 176 GeV

— Reach degrades with increasing tan/3
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Tevatron:searches for stop quarks

Stop quarks (2.6 fb-1 2¢-jets+MET)

e
Signal selections : at least 2 Jets ET>25 GeV
MET> 50 GeV, 1 heavy flavor tag (vertex algorithm)
NN selection (MET, jets Kinematic)
Backgrounds : W/Z+jets, HF multijet, top
Data  Exp. Bkg.
; 115 132+/-24
CDF Run Il Preliminary _['—dt:z-ﬁﬁ? —
m 45 fj_c_,_ | — Observed Limit (95% CL) ¢
L%l 40 E GF Motiets % 120[~ ----- Expected Limit (+10)
35 = Light-flavor jets o -
[ Top-quark $ 100
30 [ Electroweak bosons @ B
: Signal m 2125. mtg]f?o = i
28  Sional mBoi1s =0 2 sof
20 E -
15 3 60
=
10
40
5 C
°0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 160 180
NN Output Stop Mass [GeV/c? ]
Excluded @ 95% C.L., m(LSP)=80 GeV : m(Stop) < 180 GeV
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Tevatron:searches for stop quarks

Stop quarks (5.4 fb-1 2jets+ep+MET)

b Signal selections : AM = M; — M; determines the Kinematic,
'i:'.,——— x:* PT(e)>15 GeV, pT(n)> 10 GeV, veto on ( MET<20 GeV for
———V A¢p(e.n) <2.8) and (MET,e,u) composite kinematic
3 discriminants against Z(tt)—>e,u+vv, WW, tthbar, W+jets
: =140
DY, L=5.4 b _ © 3
—— Diboson 3120 _____
> s y™Z o
Esss —e— Data =
g L = wmin M(110,90) g 0
5 —— == M(200,100) =
— oo 80
2 10
Ll = i
-illllllé '! X
§ E———— = ,y’,»y/;'y){,j{;;w;’a;x?}z #’f-f}'/; : 55? L, /71',_;';;,;,-
Lt iSisshitestasnadistiseni U W riihsttsrarminnrid SO AN
150 40 860 ""86 100 120 140 Ul i s v UL U
ET (GEV) Scalar Top Quark Mass (GeV)
Significantly improved constraints at 95% C.L.
in the (AM; ,M:) mass plane
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Tevatron: searches for GMSB

GMSB (yy+MET)

pp->yy+MET+X

Lightest neutralino
decays to y and
gravitino (LSP)

Signal selections : ET(y) >25 GeV, MET> 50 GeV
Backgrounds: real MET - Wy, Wijet, W/Z+yy +
Instrumental - SM yy,y+jet, multijet (dominant)

Data  Exp. Bkg m(L)=120TeV

=
3. .»D - vy sample data ; 4 6.9+/-1.01 5.2+/-0.4

&
3 M - SM + GMSB (A = 120 TeV) - SPS8 GMSB SUSY (Prospino 2.1)
107 SM + UED (R =460 Gev) | = 10°f DZ 6.3 fb B NLO cross section =
t J = = observed limit 3
o : ——— SMyy E C ~ - - expected limit =
W ot Bl vz | - I expscted limit + 15 ]

3 - expected limit t26 7]

] l:l misidentified electrons 10
- [[7] misidentified jets E

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

T |||||I'I'|

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

1 ||||||,|]

||||||

30(
Missing E‘r [GeV] 80 a0 100 110 120 130 A‘Irall_oew

Excluded @ 95% C.L.: m(A) <124 TeV, m(x1) <175 GeV
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\Tevatron: searches for RPV

RPV SUSY (Sneutrino -> ep, 5.3 ") L

d Signal selections : Isolated e, with PT >25 GeV,
Backgrounds : Drell-YanZ/y - tt (dominant),
W+jets, Diboson, tthbar
d
Data  Exp. Bkg
Checking for M(eu) peak 414 410+/-38
e = x =
Fa) DG,53f5' - data — a0k : "\Dz’ 3.3 16’ — observed Limit
102'5 .. signal (M_=100 GeV) @ZNy* Q B i \ ....... Expected Limit
E .. signal (M =400 GeV) BIW+jets = A 1
> ; B diboson z 25 '\ I Expected Limit +1 s.d.
G 10 N Ot € 5h ) A [ Expected Limit +2 s.d.
(=] E - gk, o [}
N E I % N.L.O. pp—ov,—eun
,g 1= o 15 --x Xy,,=0.003, }.,,,=0.005
E : : ": L hd™ d o — — %,,=0.003, }.,,,=0.07
N LT & 50
102 & il 5o s w o o gk e g ol | ]"| : H L.l Eo ST
0 100 200 300 400 50 900 150 200 250 300 350 400 450 500
M. [GeV] M. [GeV]

. Excluded @ 95% C.L.: m(sneutrino) < 280 GeV, depending on eouplmg




\Tevatron: searches for RPV

RPV 3jet resonances 3.2 fb™ €l

Signal selections : 6+ jets, small MET <50 GeV,
2.pT(6jets) > 250 GeV. [M31,2 pT(3jets)] correlation
Backgrounds : QCD, ttbar

COF RUN Il Preliminary

5w e CDF RUN Il Preliminary 3.2 fb
2% m__ . Eﬁul.:‘!;-‘ﬁl E T& [T T T T T T T T T T LI T L T T L T LI T LI T T T
[ (oomtirekrial cmfsin) ] o ——— 5% C.L.o observed
a)_— ceguend oo it RGN — ©
¥ ] T 10% F 95% C.L. o expected E
wl b ! ]
; top f § [ ] ttoonesucL
,,,:_ = 2 ""v{-. - ——— LO PYTHIA gluino cross section
- T T I > :
T 10° | ]
COF RUN Il Preliminary 2 n
g e
. “gluino el I :
z 30190 (’e‘?— mnn'salmah:ml.wj :% 10 - """-«.,.“r‘.. =
: 80 100 120 140 160 180 200 220 240
; L — gluino mass [GeVic?]
e e 95% C.L. limits using invariant mass of 3jet ensembles
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\LHC versus Tevatron

LHC: already higher parton-parton luminosity for High Mass States

= 10"
8 10™ _[Lpp (Vs=7.00 TeV) = 45.0 pb™
= 12
e 10 ILPP (Vs=1.96 TeV) = 10.0 fb"
—_— 1011
2z 10 ==
S 10 —pp (99) ---pp (99)
@ 10° —PP (d9) ---pp (qq)
10° —pp(d@ - pp(d9
107 an
10° I f{xI}i(xz) k—2 dy
5
:gq BSRUSRN W SNSRI N oo~ am,)
10° AU
1 02 ":‘ : ‘l. _______________ I Ot.;z(l"l'lz}
10 Wi
1 M5T|W2008ITSBCI | W | 1 ] | l
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
AJB 2010=-0ct-31 —V‘s f Gev
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Search for supersymmetry at the LHC

Mass (eV)

po¥estially
t avy

1u'l1l—

invisible
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too rare

Particle Spectrum

to observe >g . 9
] .

All particles accessible
- strong production dominates

- potentially long decay cascades

X
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-
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ATLAS SUSY search strategy

Several complementary, generic SUSY ‘
search strategies on ATLAS g 4

Search for excess of events with ~ ]
(b-)Jets, EtMiss, leptons q /\
q

Inclusive, “model independent” searches
Compare with low mass mSUGRA benchmark (SU4)

Sensitive to any model with strongly interacting particles decaying semi-invisibly

Early studies; focus on understanding BGs, systematics, detector performance
L = few 10’s — 100’s nb™
Check control regions Jets+EtMiss channels

First data-MC comparisons of SUSY sensitive observables « without/with Leptons

(Cuts loosened c.f. previous studies, for low Iuminosity) * with b-tagged Jets

Elzbieta Richter-Was Lectures on LHC physics
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SUSY benchmark point SU4

MSUGRA low mass point, close to Tevatron bounds

m, =200 GeV
m,, = 160 GeV
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SUSY searches without leptons

SUSY signal typically dominated by squark and gluino production (MultiJet+EtMiss)

Generically most sensitive search mode

Competitive limits achievable with very little data

Jets+EtMiss (o-lepton) |

=1, 22, 23, = 4-Jet channels

QCD MC normalised to data
(after dijet cuts)

systematic uncertainties
Jet Energy Scale
(25 -40%on N_,)
Luminosity (11%)

Others smaller

Good description by MC
of key observables (EtMiss,
Meff ... and many more)
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Entries / 10 GeV

Cuts: Jet-Pt > 70, 30 GeV |

10° . -1 Monte Carl
det 70 nb —— Monte Cario
105 ’ [/ Wjets
R A tjets
—/
10* ts’fu4 (x10)
10° Two Jet Channel
102 ATLAS Preliminary
10
1
101

0—2

ATLAS-CONF-2010-065
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EtMiss performance

Measured over ~ full calorimeter coverage

Calibrated EtMiss from minimum-bias events | (360°in @, n| < 4.5, ~ 200k cells)

—
o
T

ATLAS Preliminary

108

® Data:m049VE E;
— MC Minbias: fit 0.51\,;'2 E;

Data 2010 \Js=7 TeV

Events / 1 GeV

3
1o}
S
10° 1 5 LCW
Ldt=0.34 nb %
10° l<4.5 s
03 * Data '2
1 [ ] MC MinBias ur Calibrated

LCW

¥
- N W kD~ o ©

& Lo IIIIIIIJI IIIIIIII| IIII|I.I.I.| IIIIIII| IIII|I.I.I.| IIIIIlI]I 11

107
Data 2010 s =7 TeV
10 ATLAS Preliminary _LL:HM nb*
<4 5 =
1 H SR BT TR BT R R B B
T T . mm % 50 100 150 200 250 _ 300
0 10 20 30 40 50 SE. [GeV]
Er* [GeV] ATLAS-CONF-2010-057

Sensitive to calorimeter performance (noise, coherent noise, dead cells, mis-calibrations, cracks etc.),
cosmics and beam-related BGs

Good agreement between data and MC
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et performance
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Data and theoretical predictions consistent in all rapidity regions over wide Pt and Mjj range
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Entries / 10 GeV

Entries / 10 GeV

ATLAS-CONF-2010-065
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10° ~ 1 Monte Carlo
det 70 nb —— Monte Car
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Searches without leptons

2-Jets+EtMiss (o-lepton) 2 10 g T T Data 2010 (e~ 7 Tev
1
SUSY cuts: = Ef Ldt~70nb e j
o 10°g 1 Wijets =
Jet-Pt > 70, 30 GeV "m“ - B 7 jets =
EtMiss > 40 GeV 0 10 i — |
Ad(Jet, EtMiss) > 0.2 c E ., SU4 (x10) 3
EtMiss > 0.3xMeff - Two Jet Channel .
1 E ATLAS Preliminary E
Signal A Large, Real EtMiss 1 -8 - s i
: 107 i "I { Meff = EtMiss + 5Pt(Jet) |
A
102 ~
I I ' E
1030 200 1000 1500 2000
QCD BG / ATLAS-CONF-2010-065 M, [GeV]
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Searches without leptons

2-Jets+EtMiss (0-lepton)
SUSY cuts:

Jet-Pt > 70, 30 GeV
EtMiss > 40 GeV
Ad(Jet, EtMiss) > 0.2
EtMiss > 0.3xMeff

After SUSY cuts (inclusive channels)

Data SM expectation

2-Jet 4 6.6 £ 3.0
3-Jet 0 1.0+ 0.9
4-Jet 1 1.0 = 0.6

No significant deviations
from expected SM BG

Elzbieta Richter-Was

Entries / 50 GeV

Two Jet Channel
ATLAS Preliminary

10° g ""1""'""-"bété'zbido'..‘éé'?'Té{f)"
~ ] Monte Carlo

” det 70 nb — Mon
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- B /+jets 3
- — .

10 tE‘EUd (x10) E
! g

: Meff - EtMiss + 5Pt(Jet) |

1055 500 1000 1500 5000
ATLAS-CONF-2010-065 M. [GeV]
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Stransverse mass: m.,

" 4 M., useful in events where 2 identical
- il particles decay semi-invisibly
Hard \
Scatter “Try all possible directions for the
—_— neutralinos and find the minimum
. —

heavy sparticle mass”

e ™ Foas 620 68707 ]

1 2
p¢ )ﬂ,( )=

J-Phys.qr9:2242-2262,2002  Phys.LettB462:99-102,1999
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Mass variables for discovery

stransverse mass (M., ): generalisation of transverse mass to pair decays

Gives event-by-event lower bound on mass of any pair-produced semi-invisibly decaying particle

% E T T T T | T T T T 1| T T T T | T i T Il:)altalzb‘lb ('dg' :' ?lTle\rl) | E
O] _ JLdt~70nb Monte Carlo _ General Properties:
o 10° 3 f C_1QcD E
P 0 = . -IZI g?éﬁsts - Small My, values if:
2 = g 3 _
‘E E e, T4 s x10) - Jet-Pt small
L - . EtMiss small
10F Two Jet Channel E Ad(Jet, EtMiss) small
= ATLAS Preliminary E !
LT s FS particles are from
1 e E decay of “low mass”
- ] parents (e.g. W)

107E

10—2 E_I L L L | L L L L | L L L L |I |.5 ||_|
0 50 100 150 200 250 300

ArXiv:0907. 2713 [hep-phl

ATLAS-CONF-2010-065 my, [GeV]
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SUSY searches with leptons

In addition to Jets and EtMiss, SUSY events can copiously produce leptons
(from gaugino, slepton, heavy flavour decays)

Jets+EtMiss+1-Lepton

1 lepton requirement
reduces QCD

BG dominated by
W+Jets (and QCD)

normalised to data in
control regions

Entries / 10 GeV

Good agreement with MC
(1-e and 1-u channels)

After all SUSY cuts:

Data SM expectation

1-e 2 3.6 £1.6
11 1 2.8 1.2
Elzbieta Richter-Was

=1 lepton (e, p); Pt > 20 GeV
>2 Jets; Pt GeV
ATLAS-CONF-2010-066  torpoir oo

EtMiss > 30 GeV
LI | LI | T | LI LI | T
Electron Channel ‘e Data 2010 Ns =7 TeV}_

- : — Monte Carlo
= ~ . CJaco

= f L dt ~ 70 nb g W-ets

C Bl /+Hels

_ ET"'ES > 30 GeV O

= === SU4 (x10)

=
||||||
lllllll

TLAS Prellmlnary

0 20 40 60 80 100I 120 140 160 180 200

my [GeV]

M, = V (2|Pt| EtMiss — 2Pt . EtMiss) |
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SUSY

Entries / 10 GeV

searches with leptons

=2 leptons (e, u); Pt > 20, 10 GeV
ATLAS-CONF-2010-066 Vs ons (e ) ‘

Dilepton Channel OS e Data 2010 {5 = 7 TeV)

— Monte Carlo
f L dt~70nb’

C1QCD
/0 Wjets
EZ Z+jets
1 DrellYan

4
=ee: SU4 (x10)

1 : /;:1 ATLAS Preliminary
10

—t
Q
ho

I IIIII[ |

1 | Il | |
140 160 180

40 60 80 100 120
Er1|_1iss [GEV]

o
or
N
=11
8_
=]

2-Lepton+EtMiss (0S and SS measured); Good agreement with MC

Elzbieta Richter-Was
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SUSY searches with b-jets

SUSY signals typically rich in b-Jets EG.

B-tagging algorithm:
reconstructed secondary
vertices

Dpray. length

o
=
)
V)
o
o
S
2
c
o
-
[w

Decay length
significance: Lfo(L) > 6

€ = 0(50%)

2, 3-Jet; 0, 1-lepton channels
studied (at least 1 b-Jet)

Cut on EtMiss significance:

EtMissiV2E; > 2 VGeV

Good agreement between
data and MC for range of
observables

(before and after b-tagging)

Elzbieta Richter-Was

1 05 EI T T | T T | T T 1 | T T 1 | T T | T T | T T | T T | T T 1 | T T 1 E
= ATLAS Preliminary 0-lepton channel 3
10% - 4 3-jet selection =
= dei:SﬂS nb ® Dala2010§5=7TeV) -
L —— Monte Carlo |
1 03 % ] CBDTJdeucIiun ;
C ] W production .
1 02 = I Z production =
= [ top production 3
10 . summ SUSY SU4 N
e E
107 iy, -
E $ “‘hll- E

| | 1 1 1 | I 1 L J I L1 J_ L
1020 2 4 6 8 10 12 14 16 18 20
ATLAS-CONF-2010-079 EPss/\ =E; [GeV'”]
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ATLAS-CONF-2010-065

MultiJet+EtMiss

%AT LAS
EXFERIMEN.T.

Dare, 2010-06-26 19.26 40 BST

Meff = 1.5 TeV (3 jets)
=1.65 TeV (4 jets)

All high energy jets
associated with same
vertex

EtMiss =100 GeV

Fails final selection
(Ad(Jet, EtMiss))



ATLAS-CONF-2010-066&

MultiJet+EtMiss+1-Lepton

AT LAS Event with high-p, | -
S Jets and a Muon | -
‘lf’ EXPERIMENT  in7TevCollisions | -

Bun: 155569  Event: 5091167
Date: 2010-05-22 04:34:53 CEST

T I — N
_R—T——— . N I —_—._
Ly
P =|I

| e
|

ﬁ\ |
|_=_ i 'l ==_|
I_ w 1 [ . | _I
]
R .
.

Meff = 915 GeV (2 jets) No secondary vertex

=1.12TeV (@lljets) 4 \ellisolated, positive muon, Pt = 25 GeV, n = 2.33
EtMiss =118 GeV



SUSY prospects at 7 TeV

S o A D i g ot 50% syst 1 < 1200 500 lepton 4 iets 3
© 450t ATLAS Preliminary ;. . 4= - ¢ 1 epion & 1eS =
= = Yo SYS . O EX s 5¢5 1 Iep[‘ﬂn 4 Jeta —
2J : _7 TeV-500 pb1 90% syst 1O 1 1005 ST TY 5is 2 lepton OS 2 jets 7
X 400[ TSP 4 jets 0 lepton 1 ~.1000F === 50 2 lepton SS 2 jets 3
= ' 5 o discovery ] é 900 o S _E
350[ MSUGRA tan f§ = 10 ] - G,/c” JS=7 TeV -
J ] 800F 0.5 b’ -
3001~ 7] = ’ =
] Z00E ATLAS Preliminary 3
250~ = = ]
. . 600 =
200 [~ ] E .
- 1 5001 =
100F.. o+ o NFPETED N e L MeEEE 300f R | it
0 200 400 600 800 1000 1200 1400 500 1000 - ‘iSDb | 2IUDE|) -
m, (GeV) mﬁ (GeV)

Significant increase in sensitivity with full 2010 integrated luminosity |
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\Stopped gluinos
5

ATLAS-CONF-2010~071

. > - | I T I rrori I rrri I T I T I rroi I rrri I T I rmrri4

Meta-Stable heavy particles 3 B |
pFEdiCtEd in many BSM e + « 2010 TTe¥ Collision Data

models: E 10 = + |:| 2009 Cosmic Data e

= - =

Split-SUSY, GMSB w - H Integrated L= 2.7 0.3nb-1 |

'-E - —

Could be created in collisions, 3 B 7

then come to rest in ATLAS = i | I 7

=
Search for signatures of hard jet e i 1 1 E
events in empty bunch crossing - ]
MNETETEN I L Lo o 1y b by 1y
0 580 100 150 ZDU 250 300 350 400 450 800

Jet Energy [GeV]

2009 Cosmic Data 2010 Colhision Data
Selecuon Critena Yield of cosmics | Cosmics (scaled) Yield of data
Good runs and data guality cuts G.43x 107 - 1 S8x 10"
Leading Jet |rp| <12 6.26x 10° 1.29x10° 1 26= 100
Jet n90=3 IR3Ix10° TR89x 10° 7.90 = 10°
number of Jets<4 382 = 10¥ T RT =10 7.83 x10°
Muon Segment Veto 5304230 10924374 1170
Leading Jet Lnu:r;_x = 50 GeV 39462 B0+128 75
Leading Jet Width > Q.05 h=24 12449 b
Jet n50<6 3417 6235 -~
Leading Jet EMIF<0.95 2414 4429 <
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\SUSY searches with CMS
Jets + MET final state

S
—k
<

|

N I
CMS

%105; }Tinas pb’, Vs =7 Tev %105 f bat=3 pbq’ﬁﬂnvé
vl || =
Analysis design to be )] s ol o
robust against energy ol 1
mismeasurements. o] o

Backgrounds levels
estimated using data.

For perfectly measured dijet a,=0.5.
Jet mismeasurements diminish a., a, = EF*2/ M,

whereas genuine MET enlarges it M, — transverse mass
(any deviation from back to back system do).
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\SUSY searches with CMS
Jets + MET final state

The search is model independent, but the results are interpreted using CMSSM.
Sample Mo /2 Ao tanf sign(p) | o LO  lightest X ;
(GeV/ch) (GeV/ch (pb)  (GeV/H) (GeV/ch) |
LMO 200 160 -400 10 + 110 207 60
LM1 60 25() 0 10 + 16.1 410 97

® Dominant production channels at the LHC are squark-squark,
squark-gluino and gluino-gluino

® Final states (R-parity conserved: several hadronic jets and
large MET due to escaping LSP
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SUSY searches with CMS

Using very clean signatures for early SUSY
signals (at, di-photon+MET, multi-leptons etc)
we are already exceeding limits on SUSY set
by the Tevatron experiments. In a few months
the eclusion range established in the last
20 years expanded ~factor two. CMS
SUS-10-003

Prospects for 2011-12: discover squarks and
gluinos (if SUSY is a symmetry of nature)
above 1TeV.

m,,, (GeV)

00—

450
400
350
300
250
200
150
100

CMS 2010, L =35 pb’,\s=7TeV

-l

T 1 T I 1 1
NLO Expected Limit
= NLO Observed Limit

LO Observed Limit

B COF it
D0 7,7 tan=3, 2.1 fb”

q(809 )Gy

tanp =3, A =0, sign(u) >0

[ LEP2
C e 7
D

.
l..'
.
-----
Yo
.

coaa T

—

3(800)Gev 3

§(650)Gev -

1111

oA b

|

o R R R R AR R AR LR

o ]
200
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Next topics

19.01 - Wrapping up on data 2010:

@ SM physics: selected results
0 Searches: selected results

| have not discussed B-physics program, but for
comprehensive review follow
* Cracow-Warsaw meeting, Warsaw, 21 January 2010
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