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Outline

@ Broad (and rapid) overview of BSM (“Exotics”) and SUSY results from
ATLAS and CMS from the 2010 data-taking

@ Put priority on more recent results using the full 2010 dataset
@ Grouped largely by experimental signature
@ Resonances (with some non-resonant stuff mixed in)

@ Non-resonant Exotics
e SUSY

I will be broad but shallow. Please see the parallel session talks for details.
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Leptonic/photonic resonances
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Bump search in invariant mass of isolated ¢ and

Require exactly one e and one p, both with
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Bump hunt in invariant
mass of lepton+photon
in LLy events

p; > 20(e), 25(M), 20(y)
AR(y,2) > 0.5
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Hadronic resonances

- » dijetangular . .1103.3864 arXiv:1102.2020 g”, contact
variables interaction

ttbar (£+jets)
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Strictly speaking,
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search
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Lepton+jet resonances
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Events / 50 GeV
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Events with exactly 2 OS
leptons and at least 2 jets

MET > 40

Z mass veto (if same flavor £)

Approximate mass reconstruction
possible. Neutrinos are ~collinear
with leptons (boosted W's)

Allocate MET to the two sides to
minimize mass difference

Cut in plane of HT vs M(collinear)

Table 4: List of final selection cuts for each 4 mass.

4 Mass (GeV) Final selection

250 Hry= 500 = 0.7 X M coitinear
300 Hr= 600 — 0.5 x M atinear
350 Hr> 600 - 0.2 X M oiiiear
400 Hr> 700 - 0.3 x M cotiinear

Cross Section (pb)
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non-resonant production

Signature Example

arXiv:1103.4279

up (SS) '8‘;'5"6‘3 “CONF-2011- black holes

trilepton or

SS dilepton + arXiv:1102.4746

jets




Events / bin

Similar selections to the Z' analysis
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A* 4.5 29 Truncated 1.68 167 209 168 149 134 124
(K-factor of 1.3 applied)



Mg = 1.5 TeV, n_,= 2

% 36 pb'at7 TeV v Mg=12TeV,n_ =5
! —+— Observed
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GRW Hewett HLZ
Pos. NE‘g. HEp = 2 HEp = 3 HEp = 4 Hep = 5 Hegp = 6 HED = 7
Full 194 | 174 171 1.89 231 1.94 1.76 1.63 1.55
Trunc. | 1.84 | 1.60 1.50 1.80 223 1.84 163 1.46 1.31

Also model indep xsec limit: s = (o, ., — o) x Bx A > 0.11 pb (95% CL)

c.f. DO limits from

diphoton & dielectron channels

GRW HLZ
ng 203 4 5 6 7
10 e e e Obs. 1.62 209 194 162 146 136 1.29
8 \ CMS Preliminary Exp. 166 216 201 166 149 138 131
© i s V, L =46 pb’
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T—o>t+A
ATLAS: search for anomalous ttbar+MET"
* Lepton (pt > 20) + = 4 jets (pt > 20)
« MET >80, MT > 120
2nd lepton veto (inc. isolated trk veto)

Nir24, m >120 GeV
® Data (35pb™)

- ATLAS Preliminary

B acb
B t (Single-Lepton) ]
B 7 (Dilepton)
[ o I Single Top
O Z + jets

Events per 10 GeV

L LY
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e g |
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ET™® [GeV]

Exclude m(T) <275 (300) GeV at 95% CL
for m(A ) <50 (10) GeV

(where T is a spin 1/2 quark-like object)

CMS: search for b' — tW via anomalous
trilepton or SS dilepton production
e Lepton pt > 20, [n| <2.5
e« 24 (2) jets, pt>25 for SS dilepton
(trilepton)

e Z mass veto

. ST > 350  St=Lprlets)+ L pr(leptons) +F
CMS 34pbT"'\s = 7 TeV
% [ [ tisjets Bl W@ +jets
@) 10L W(Z)+jets/diboson [ | M, 400 GeVic? |
o F * data 3
m [ same-sign dilepton + trilepton
‘--‘ 1
=S S S E
= - ]
m =
107¢ E
10°F — E
EI | L L L | L L L L | L L L | L L L 1 | E
0 500 1000 1500 2000
S; [GeV]

Exclude m(b") <361 GeV at 95% CL

(CDF limit in this channel: 338 GeV)



slow/highly-ionising/stopped particle

Z';’r‘;‘i’de arXiv:1103.1984 Z’?I:I1Elr:>8§§2011)024 R-hadron

22



Number of candidates / 20 GeV
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SUSY searches in jets+(lepton)+MET
incl b

Signature

CRION TSI T PRI 106, 131802 SUS10006 (plots only)
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A B C D

ETS [GeV ]

Number of required jets =2 =2 =3 =3
Leading jet pr [GeV ] =120 = 120 =120 = 120
Other jet(s) pt [GeV] =40 =40 =40 = 4

= 100 = 100 = 100 = 100

Final selection| Pre-selection

Adjet, PR >04 =04 04 >04
ES f g ~03 - =025 =025
mag [GeV] = 300 — = 500 = 1000
mt2 [GeV] - =30 - -

mra(py . o pr) =

. | i1} il (A} ]
min max [mr (P e omTips g
ﬂ[li!"i' EIEZ-=£?“{ \ T T JI l[ T T }I}

n
Mgy = Z Py + B
i=1

events with e or y (pt>10) discarded

Region D
Squark/gluine

gluinos pairs

Region C

)
m
e
=
S
=

Region B

Region A sguark pairs

500 1000 1500
Gluino mass

(figure: S. Caron)

CMS (MHT vs HT analysis)

Baseline selection:

@ 2 3 jets, pt > 50
HT > 300 (scalar sum, jets w pt>50)
MHT > 150 (vec sum, jets w pt>30)
Ap(jet, MHT)>(0.5,0.5,0.3)
e,J veto, pt>10

2 signal regions
@ HT > 500
@ MHT > 250
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SUSY search in jetstMET

Background estimates

Method Baseline High-Ft High-Ht
selection selection selection
Z — 17 from 7y +jets 263 48| 71 £22| 84 £23
tt/W — e, u+X lost-lepton method | 330 +81| 48 19| 109 +34
tt/W — Tpq+X method 223 +46| 67 +21| 85 425 o
CMS QCD Rebalance+Smear method 207 £152 | 0.16 £0.10 | 160 +7.9 ~20% bkg
QCD factorization method 252 4134 | 04 403|173 =494 uncertainty!
Total data-driven background 111.3 £185| 188 £3.5|438 +£9.2
Observed in 36 pb™" of data 111 15 40
95% C.L. limit on signal events 40.4 9.6 19.6
ATLAS
Signal region A Signal region B Signal region C Signal region D
QCD 7 *2u+j] 0.6 07 u+j] 9+ Tu+j] 0.2 34 [u+]
Wejets S0+ 11[u] *¥[jl+ S[L£] 44+32[u] *3[1£05[L] 35+ O[u] *9]+4[L] 1.1+0.7[u] *92[j] + 0.1[L]
Ztjets  S2+210[u] *B[jl+ 6[L] 4.1+2.9[u] 2 +21 i1+05[£] 27+ 12[u] +m[_|]:|: (L] 0.8 +0.7[u] +D6U] +0.1[L]
Fandt 10+ Ofu] * 3[,] ([£]  09+0.1[u] * +ﬂ4 i1+0.1[L£] 17+ 1[u]* 6[J]i2[£] 0.3 +0.1[u] *92[j] + 0.0 £]
Total SM_ 118 + 25[u] *2[j] + 12[£] 10.0 + 4.3u] =0 [_|] +1.0[£] 88+ 18[u] 5[] £9[L] 2.5+ 1.0[u]* g G[J] + 0.2[£]
Data 87 11 66 2
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MSUGRA/CMSSM interpretation

CMS: MHT vs HT analysis

tanf=10, >0, A =0

I I I I I | I I | I I I | I I I J_
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|Squark—gluino—neutralino model (massless 2?) |

Simplified MSSM model containing
only gluino, squarks of 1st and 2nd
generation and massless
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1 lepton + jets + MET

1 eoru(pt>20) 1 eorpu (pt>20)
>3 jets, pt > (60,30,30) >4 jets, pt > 30
MET > 125, Meff > 500 MET > 250, HT > 500
> 10— T 77— ' Data 2010 Ns =17 Tev) T 3 Sample leu {=ce
[J) = e Data 2010 N\s =7 TeV) 3
o | ATLAS oy Model : Predicted SM 1 ¢ 174+14 12£10
) 5 D W+jets . . 0.8 0.6
T 10°F J-L dt~ 35pb’ 5tztﬂets E Predicted SM dilepton 0.0M45 0.0755
.é B B shgle 1op ] Predicted single T 029+022 0327038
G 10g T omton g 380 =280 Predicted QCD background  0.09 £0.09  0.017°
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MSUGRA/CMSSM:;
the state of the art

ATLAS: combination of 0-lepton and
1-lepton channels

CMS: summary of SUSY searches 2010

MSUGRACMSSM: tanf - 3, A - 0, >0 CMS preliminary L.
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> 3 jets, with at least 1 btag
Two analyses: with/without 1 lepton

MET & HT define the signal region
estimated bkg

O-lepton 1-lepton 1-lepton
Monte Carlo  data-driven

tt and single top 122+ 5.0 123+ 4.0 147+ 3.7

W and Z 60+20 DE+0.4 -
QCD 14410 0.4404 oted
Total SM 106£69 135+41 147+£37
Data 15 a 9

MSUGRA/CMSSM :tanf =40,A =0, > 0.
340 T T T T T T T 2 I T T

T
95% C.L. limit

> F m
8 320 | ATLAS j'— dt=35pb'Ns=7TeV obs. - 0 lepton -
= S N T T T 1 exp. - 0 lepton g (800) 7
o o b-jet channel obs. - 1 lepton -
E— 300 — jetchannel 0 exp. - 1 lepton —
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> 2 jets, with at least 1 btag EF
RV

o, & HT define the signal region

bkg from MC
N-jets QCD tt w Z—=vv Z =TT total
2 0+0.11 0.01 +0.01 0+01 0=+0.09 0+009 0.01+0.21

=3 0.05+0.05 108+0.07 010+0.10 038+0.18 0+£009 161+0.26

bkg from data

N-jets MC Background Prediction Data LMO
>2 | 1.61+£026 033709 (stat) £0.13 (syst) 1  142+03

CMS preliminary L _ =35pb’,\s=7TeV

| _I _I T T | T T T T | T T T T | T T T ]
95% C.L Limits:
= Observed Limit, NLO
=+ = Expected Limit

Expected Limit+ 1¢ 3 DO 7. 3 tanp=3, p<0 —]
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— CMS @ ]
T T
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SUSY w. leptons + jets + MET

multileptons +
jets + MET ATLAS-CONF-2011-039 SUS10008 (plots only)

FS = “flavor subtraction” : measure yield of e'e + pu'uw -e"
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2 OS leptons, pt > 20, MET > 150 (100 for FS
analysis), no jet requirement

10*

10°

Consistent
with expectations

Entries / 10 GeV

See next slide for

example of limits L
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ATLAS flavor subtraction analysis sets limits on “S”
S — Niete®) N (e*pT) BN (p*pT)
Bl—-(1-7)*) 1-(1-7e)il—m) (1-(1-7u))

S, < 8.8 at 95% CL

2 leptons,

pt > (20,10), OS, Z veto

> 2 jets, pt > 30
HT > 300, MET/VHT > 8.5

sample Ny Ny N¢ Np Nj % Nc/Ng
tt— T 844 £0.18 | 32.83 £ 035 | 478 +£0.14 | 1.07 £ 0.06 1.23 £ 0.05
tt — other 0.124+0.02 | 0.78 + 0.05 0.16 +0.02 | 0.02 +0.01 0.02 + 0.01
Drell Yan 0.17 +£0.08 | 1.18 £0.22 0.04 +0.04 | 0.12 +0.07 0.01 +=0.01
w* + jets 0.00 +0.00 | 0.09 + 0.09 0.00 + 0.00 | 0.00 + 0.00 0.00 + 0.00
WHw- 0.11+0.01 | 0.29 +0.02 0.02 +0.01 | 0.03 +0.01 0.01 + 0.00
w*z 0.01 +=0.00 | 0.04 £0.00 | 0.00+ 0.00 | 0.00+0.00 0.00 + 0.00
Z7 0.01 +£0.00 | 0.02 +0.00 | 0.00+0.00 | 0.00+0.00 0.00 + 0.00
single top 0.29 4+ 0.01 1.04 £ 0.03 0.04 £ 0.01 | 0.01 £ 0.00 0.01 £ 0.00
total SM MC || 9.14 +0.20 | 36.26 +0.43 | 5.05+0.14 | 1.27 +0.10 1.27 +0.05
data 12 37 4 1 1.30 + 0.78
LMO 404 +0.19 | 445+020 | 13.92 4036 | 8.63 +£0.27 12.63 + 0.88
LMI1 0.52+0.02 | 0.26 +0.02 1.64 +0.04 | 3.56 +0.06 3.33+0.27
CMS Ly = 34 pb'\s - 7 Tev
500 —
-1
----- LO Observed Limit - CD'F £. 4 tanﬂ 5 “‘0 2
=~ D0 2,7 tanp=3.u<0, 2.1 "]
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tanp=3, A =0, u>0 |
B 0 7 (800)cav/c? |
300 g fé.S'.:*;GeWD? . —
e OS dilepton
N Fr5g B (500) GaVrc? |
200 - i O)QE V/c"‘ gi=a0 = i
100

100

200 300 400 500

m, (GeV/c?)



2SS leptons, pt > 20, MET > 100
No jet requirement
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e and p, pt > 20,20,20(e) or 10(p)
Z veto, m(#) < 20 also vetoed

= 2 jets, pt > 50

MET > 50

* 19 events with 3 leptons (before
other cuts). 0 events after cuts
* 0 events with 4 or more leptons

MSUGRA/CMSSM: tanp = 3, A = 0, >0 L™ = 34 pb', Vs=7 TeV
;‘ __ T T T T I T ] T . T T I T T T T I T T T T I T T T T __
& 320 ATLAS Preliminary Observed limit 95% CiJ
'_é 300 :— multilepton -=-~-- Median expected Iimit—:
= 280 ﬁ(f?g.efﬂ_, - LEP2T 3
260 - - o [ eeey =
cae0Gey) DO ¥, %, 3
240 - y - ooy, =
W _aniiis ) [ |poggu<o,21f" 3
220 Vs - [ cOF §.§,tanB=5, 2 b
200 = TN ———— S, —
) § (500 GeV) =l =
180 .y, ] & (500 G V)'_E
160 '/f/// , p— " .............. Fancen
7 D~ i
140 & /////////////////////7/ (400 Gev) ]
100 ELLE ] / / s ///////////////////m,,,,,.

50 100 150 200 250 300
m, [GeV]

Limits also set in simplified MSSM models

= 3 leptons, including taus! pt from 8 GeV
Tau: full tau ID; also isolated track
MET > 50 or H_> 200

Complex analysis: many exclusive search
channels
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Limits also set in other models:
RPYV, slepton co-NLSP
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2 photons, Et > 25
No jet requirement
MET > 75
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Conclusion and outlook

ATLAS and CMS have explored a wide variety of signatures for signs of New Physics
with integrated luminosities ~40 pb™! for each experiment

A variety of objects have been studied in a number of combinations.
@ ¢, U, tracks, jets, MET are routine
@ bjets and taus starting to get looked at

No sign of New Physics yet. Limits significantly improve over Tevatron in many cases.
SUSY was not “just around the corner”

Both experiments are starting to explore ways to present their results in less
model-dependent ways.
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Expect 30-100 times more data by the end of 2011.
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Extra material
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Inclusive search for collimated

CMS Preliminary 2010 \s=7 TeV L _35 [
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Search for 3-jet resonances
in multijet events (=6 jet events)
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