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CMS .
Outline

* Perspective, Strategy, and Signatures

 QOverview of SM backgrounds; comments on
methods

* Hadronic searches: Jets + MET

e Leptonic searches: Jets + MET + lepton(s)
e Searches with photons

* Conclusions

Not covering “exotic” models, e.g., stopped-gluino search:
http://arxiv.org/abs/1011.5861 PRL 106, 011801 (2011)

All public CMS physics results available from
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults




— How will we know if the New Physics is SUSY?
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— How will we determine the mass scale...and then the &
full spectrum?
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o — How will we determine the underlying Lagrangian?
@ - Experimentalists think about the truly

= fundamental questions.

— Is there a leak? Will the trigger really work?

— How much calorimeter noise is there?

— How can we be sure that an excess of events is not
just due to tails of distributions from SM processes?
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w CMS Silicon Tracker Installation: Dec 2007
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CMS

Collisions at 7 TeV

http://cdsweb.cern.ch/journal/CERNBulletin/2010/14/News%20Articles/1246424?In=fr
http://press.web.cern.ch/press/PressReleases/Releases2010/PR0O7.10E.html

Nous avons reussi !

Presque 20 années de travail acharné accompli par des centaines
de personnes ont permis au Grand collisionneur de hadrons
(LHC) de passer du réve a la réalité. Le LHC a livré aujourd’hui

May 1-2, 2010, squeezed, stable
beams (30 hrs), L>1.1x 10?8 cm?s™*

£: 2500 GaV

March 30, 2010: 1st 7 TeV Collisions
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Il v a quelques instants a la CCC http://cdsweblcern.ch/journal/ CERNBulletin/2010/18/News%20Articles/12625932In=en
Y a queiq
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CMS Integrated Luminosity vs. Time

Total Integrated Luminosity 2010 (Mar 30 10:00 UTC - Nov 09 13:54 UTC)
]
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— Delivered 47.03 pb™'

é é ; 32 —2 —1
— Recorded 43.17 pb™’ L — Z X 10

March 30 — November4 2010
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= First LHC run at 7 TeV: CM energy
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36 pb-' validated high quality

In some low mass SUSY model, the cross section is 40 pb;
we would then have

N, =36pb"-40 pb= 1400 (produced)

events
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Cross Sections for Key SM Processes

Js =7 Tev
W + jets | —
W — uv 160 [f 1575732 pb NLO
10440 £+ 520 pb NNLO -
140 -
t+X
(t-chan)
0 63prLO
- | W*W~

Z + jets 60 10 6 pb  43%2pb (NLO)
£ 40 - r+ X WZ

(s-chan) 18 pb ZZ

; 1 20 46pb ;59pb

O —
83.6 £29.8 (stat+sys)+ 3.3 (1um1) pb 414 +15.3 (stat) £ 5 8 (sys)x 4.5 (lumi) pb



tMs~ Cross Sections for SM vs. low-mass
SUSY benchmark points
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) benchmark points
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CMS

CMS SUSY signatures & searches

Jets + MET | 1lepton | 2leptons: | 2leptons | 23 leptons @ 2 photons | 1 photon +
+ jets opp. sign | same sign + MET 1 lepton+
+ MET + MET MET

e Strong emphasis on data-driven background
determination.
— No narrow peaks: extreme tails of kinematic distribs.
— Control samples in data > background
— |s the control sample (SM + X) understood?

* Not simple; may rely on assumptions.
— test extensively with MC samples
— use multiple data-driven methods as crosschecks
— critical for discovery
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MET, MHT, and HT

MET: reconstructed from calorimeter towers (ECAL+HCAL)

MHT: reconstructed from jets above a threshold
Jet threshold: 20 GeV - 50 GeV
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MET(Z,) in the SM and SUSY

Real MET: LSP, W + jets, ttbar events with high pT neutrino
MET can also arise from jet mismeas., heavy-quark decay

Large MET in W + jets, ttbar events is usually real
Typical: MET>100 GeV (“loose”) or MET>200 GeV (“tight”)
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Overview of SM backgrounds

Background Leptonic searches

QCD multijets  * Largest cross section

* Kinematics not well
understood

* Data-driven methods
required.

* Reduced by Njets>2,>3,
HT, MET, jet threshold

cut, Ap(MET,jet)

W + jets, * Large cross sections;
Z/Drell Yan can produce real MET
+jets * High pT W with W=>tu
ttbar T Almost like SUSY

Data driven
Other So far not a problem;
electroweak: sub-sub dominant
single top, Rely on MC to show is
WW, ZZ,... (usually) negligible.

After cuts, usually not
the largest background,
but it’s the one that
keeps you awake at night.

Data-driven methods
challenging but essential
to quantify jet-mismeas.

Background from T, lost
leptons, or leptons below
veto threshold

Z — vv + jets (irreducible)

Lost lepton backgrounds

not a problem for now

Lepton isolation
provides powerful
rejection and
effective way to
estimate background
from b 2>lepton or
“jets faking leptons”

* W+jets imptin 1 lep
*Z+ jetsimptin Z
+MET

* Fall rapidly w/ n jets

Dominant
background

not a problem for
now



W boson decaying to electron + neutrino

.| CMS Experiment at LHC, CERN
CMS Run 133874, Event 21466935
Lumi section: 301

Sat Apr 24 2010, 05:19:21 CEST

electron

Compact Muon Solenol

note “stiff’
(high pT)

pr(e)=35.6 GeV
MET =369 GeV

m, =71.1GeV I slectron

Missing momentum vector
(transverse plane only)
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Measurement of the W, Z cross sections

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
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Measurement of W, Z boson cross sections in CMS

PRELIMINARY
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N(jets) in W + jets, Z + jets (E;>30 GeV)

CMS preliminary CMS preliminary
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o(W + > n-jets)

o(W + > n-jets)
o(W + = (n-1)-jets)

CMS

W, Z: number of jets (E;>30 GeV)

)} unfolding

CMS preliminary
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Observation of pp = tt

S . | CMS Experiment at LHC, CERN

(-{\/1/ Data recorded: Fri Jul 2 06:08:27 2010 CEST

/ Run/Event: 136185 / 69244083
g Lumi section: 77

e Jet P, = 162.9 GeVic, n = -0.06, ¢ = 1.54
3 -
X e A J: 1.;1,;59 f:\g;'
Candidate event .= ¢ oo 4 B e
oy Sl
for process NN

pp —tt ~
t—>bW", W' ey,

bW W =597 =

n=

Jet p, = 36.9 GeVic, "™ B
n =0.76, @ = -1.68

¥.=1053 GeV, ¢ = -2.26

Missing momentum vector
from neutrino
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Signals for tt production

M3 [GeV]

Single-lepton channel Di-lepton channel
t—>bW", W' /(v
t—>bW", W —u'v, - !
- ) _ t >bW, W™ —> /(v
t —>bW; W —gqq, ’ | .
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CMS Preliminary \'s=7 TeV

yalue + stat. + syst. + lum. error
(luminosity)

O s8r10+2 16

CMS combined (prel.)
(36 pb™)

TOP-11-001 (uncz cor.% lum.)

CMS I+jets+btag (prel.) . 150+ 9+ 17 + 6
TOP-10-003 (36 pb™)
CMS dilepton (prel.) ¢ . " 168+ 18+ w7
TOP-10-005 (36 pb™)

»

I+
~

36
173+ 14 £ o

CMS I+jets (prel.) .
(36 pb™)

TOP-10-002

n—-.-—:

180+ 9+, + 6

ATLAS combined (prel.)
(35 pb”)

ATLAS-CONF-2011-040

—==

-— 21
186+ 10+ 2 + 6

ATLAS I+jets+btag (prel.)

Top Pair Production Cross Section [pb]

ATLAS-CONF-2011-035 (35 pb™')
ATLAS dilepton (prel.) ‘ y 173+22+ 1% + 8
ATLAS-CONF-2011-034 (35 pb™')
ATLAS l+jets (prel.) ) v 171+ 17+2 + 6
ATLAS-CONF-2011-023 (35 pb™)
ATLAS dilepton+btag (prel.) v 1712 22+21 + 7
ATLAS-CONF-2011-034 (35 pb™)
Theory: Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
MSTW2008(N)[\1LO PDF, scaler@ PDF (90% C.L.I) unc. | |

0 50 100 150 200 250 300

Top Pair Production Cross Section [pb]

Summary of tt cross section results

LHC (pp) vs. Tevatron (pp)

CMS Preliminary

-
o
N

N
o

® CMS combined (36 pb™)
B ATLAS combined (3 pb™")
O CDF
O DO

Approx. NNLO QCD (pp)
I scale unc.

NLO QCD (pp)

Approx. NNLO QCD (pp)

scale unc.

Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
MSTW 2008 NNLO PDF

3 4 5 6 7 8
\'s [TeV]

tt cross section results are in good agreement with

Standard Model prediction.
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Tradeoffs in background determinations

* A difficulty with data-driven methods: how
well is composition of control sample
understood?

* Tradeoff with tighter selection cuts:
— search becomes less general
— background methods become more reliable

e Sometimes need dedicated method for a
distinct part of phase space, e.g., dijets + MET.

 Theoretical understanding of SM processes is
extremely valuable and could play a key part
in a discovery.




Understanding W polarization in ttbar

Helicity fractions of W bosons from top quark decays at NNLO in QCD

Andrze] Czarnecki®
Department of Physics, University of Alberta, Edmonton, Alberta T6G 2G7, Canada and
CERN Theory Division, CH-1211 Geneva 23, Switzerland

Jiurgen G. Korner!
Institut fiir Physik, Universitdt Mainz, 55099 Mainz, Germany

Jan H. Piclum?
Department of Physics, University of Alberta, Edmonton, Alberta T6G 2G7, Canada
(Dated: May 18, 2010)

Decay rates of unpolarized top quarks into longitudinally and transversally polarized W bosons
are calculated to second order in the strong coupling constant a.. Including the finite bottom quark
mass and electroweak effects, the Standard Model predictions for the W boson helicity fractions are
Jr. = 0.687(5), J+ =0.0017(1), and J— = 0.311(5).

The uncertainties associated with this aspect of ttbar
are essentially negligible. This is extremely helpful.



CMS . . .
Issues with uncertainties

Quantifying the uncertainties is the foundation of the
measurement.

If the systematic uncertainties are comparable to the
statistical uncertainties, it can be very difficult to
understand the meaning of “5¢”, which corresponds to a
probability of =107/,

Many systematic errors are rough estimates and do not
have a well-defined probability content.

If a relative systematic error is large (e.g., on QCD), it is
often best to cut tightly so impact is small.

Sometimes a data-driven method allows one to convert
a systematic error into a statistical error. This is good!
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Hadronic Searches (Jets + MET)

Jets + MET | 1lepton | 2leptons: | 2leptons | 23 leptons | 2 photons | 1 photon +
+ jets opp. sigh | same sign + MET 1 lepton+
+ MET + MET MET
\ Jets + MET
ar Method

includes dijet seach

Generic

search (MHT)

Razor variable

analysis

ar + b-tags




CMS _ ,
= Hadronic search with a;

http://arxiv.org/abs/1101.1628

Trigger Indiv. jet Leading Vetos HT & MHT o
reg. jet (event vetoed if...)

HTtieeer>150 GeV ET>50, >2jets, |n| isolated photon HT >350 GeV 0.55
at HLT In|<3 ET>100 <2.5, (pT>25)
GeV ET>100 isolated leptons MHT/MET
(pT>10), >1.25

jets ET>50, |n|>3

. EJz /EJ1
Di-jet case o, =E> I M.(JJ,) = \/ r T

http://arxiv.org/pdf/0806.1049 \/ 2(1—cos Agp I )
Randall and Tucker-Smith 1V2
example

A, Jy GG—ai)Naz))

J, Jy
% aT z\/ET /ET Sl o z\/E%z /E]‘{l
! 2 2 ; S T ae,,

Generalize to multi-jet case by forming 2 pseudo-jets.




Events / 25 GeV

CMS

H; distribution after pre-selection cuts.

[ I | I I I I ’ I

- fL dt = 35 pb"\s = 7 TeV
5

10 = e Data

N 2 Standard Model
10* —— QCD Multijet

8 — tt, W, Z + Jets

- —— LMo
10 &

—t
<

[ lI[IIIl

1045

|III| [ T-I-H_Il-l

I I I | I | I I | I I I I

500

2000
H, (GeV)

Hadronic search with o

QCD multijets from Pythia6.4
(tune Z2).

W,Z + jets, ttbar from
MADGRAPH.

Overall exponential falloff
except for ttbar.

Require HT> 350 GeV.

Data and MC in rough
agreement over 6 orders
of magnitude.

Don'’t use MC for background
predictions...

2500
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D

Hadronic search: a; for 2-jet sample
g :I L l 1T T 1 I I: ICIMISII I I21J| 1T T 1 | T T 1
i . ets .
S10°E | > Rapid fall-off of
> EQCD MC fL dt=35pb ,Ns=7 TeV QCD background
105 L. -
o 10°F | *. Data for aT>0.5.
L - N Standard Model
T i e dets Tradeoff: loss of
100 4 | LM1 signal efficiency.
1023— Signal region: ¢, >0.55
: Y SM, (bang)
105— - ]
- =N SUSYLM1
1 G | »/ SUSY LMO
E \II i :}\: V4 N K
4l i N L Y RN NN N
e HL o MRt O
0 025 05 075 1 125 15
Or

Given HT>350 GeV, aT>0.55 2 MHT>140 GeV.



CMS

0.025
=

—
Q
o T

Hadronic search: o, for 23 jet sample

(=2}

I IIIIIII| I IIIIIII| T

QCD MC

N

I IIIIIIII I IIIIIIII

I IIIIIIII | IIIIlII|

I I IIIIIIII

N

Illl|lIIIIIIIIIIIIIIIIIIIIIIII
1

> 3 Jets

det-35 b’ \s =7 Tev
W Standard Model
—— QCD Multijet

— tt, W, Z + Jets
—— LMO

' Signal region: o, >0.5

D M,

'SUSY LM

"’%1&_“;

FE mh
111|i

025

Rapid fall-off of
QCD background
for aT>0.5.

Tradeoff: loss of
signal efficiency.

) for later:

_ N(o, > ;")
T N(o <o)

Uy

Given HT>350 GeV, aT>0.55 2 MHT>140 GeV.



_ N(a, >a")

ROCT = cut
N(o, <o)
- | | | I -
2 [ cms e Data, 0, >0.51 | fs

1 0-1 E_ ; O SM, Oor > 0.51 —E
- fl' dt=35pb"Ns=7TeV Data, o, >0.55
- A SM, a; > 0.55 i
ol *x W—uv + jets ]
10°E cut 0 50 E
%b%: j_.# I ]
i —O——&— . i
10° *b == 3

= Control region ' Signal reélw
_________ b= ===t
4l I _
107¢ =055 13

_L’ TT AT
e - T N L
250 300 350 400

H, (GeV)

o method: background from HT extrap.

N(a;)>0.50 (QCD dominated) = R, decreases with H,
N(a,)>0.55 (EWK dominated) = R, uniform with H,

1071
1072 E

10°° 3

- fL dt=35pb’\Ns=7TeV

| T T T T | T T T T I
A SM+LMO, o >0.55 |
A SM+LM1, a7 > 0.55 —

CMS

Behavior with SUSY MC
added to SM MC.

B A
10-4 = . o
10 5 1 1 | | 1 1 | 1 | I
250 300 350 400
H; (GeV)

Behavior: for QCD events, the relative MET measurement improves with
increasing HT. Note jet thresholds for lower HT bins are lowered to equalize
phase space.



CMS
= o method: background from HT extrap.

R(aT) extrap in HT; multiply Ic?y 9.4j:(8) (stat) £ 1.0 (sys) Sum over all backgrounds
N(aT<0.55) in HT>350 GeV bin

W + jets control sample to
estimate W, ttbar

6.1 (stat) 1.8 (sys)

Gamma + !'ets control .sample 4-4ff2 (stat) £1.8 (sys)
to determine Z>vv + jets

Sum of W + jets, ttbar, and +3.6 consistent with HT extrap
, 1053
ZDVV + jets method
Observed number of events in 13 Observed yield consistent
signal region with backgnd predictions.
Yield for 35 pb! | Total Efficiency (%) | Eff. for signature (%)
9.7x0.1 16.0£0.1 222+04
qg 8.8+0.1 144 +0.1 23.0x0.5

2g 0.71+£0.02 120+04 225+2.0
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<

Events / 120 GeV =
q,

o method: M ¢ distribution

e

Y
o

107

= H, + MHT

All selection cuts applied

I IIIIIIII

_I I | L | L | L | L I L | T 1 | [N

SUSY LMO e Data

. SMM % -
_IE';-
I B R IS\ L &\\ | IL'_'L'L-L—.L-

CMS
fL dt =35 pb',\s =7 TeV

ANANNN\\\N
S Standard Model

—— LMO

600 800

1000 1200 1400 1600 1800
M, (GeV)
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o method: CMSSM exclusion (95% C.L.)

CMS prellmlnary L. _=35pb ' \s=7TeV

— 500 I I | | | | | | | I | ! I l' | | | I | | ! ! I
% = - Lsp 95 /o C L lelts CDF g q tanB-S <0 ]
L - Observed Limit, NLO -
g B Y Median Expected Limit DO g, q, tanf=3, u<0 .
o™ L Expected Limit+ 1c | LEP2 ¥ A
£ 400— |:| LEP2 [ -

] 0

r | DO x1 X, -
L tanB=3,Ao=0,u>0 ]
300 e =
20 @V AN . N

I —— v -
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Hadronic SUSY Search: jets + MHT

BaSeIihe selection http://cdsweb.cern.ch/record/13430767In=en
Trigger Vetos HT MHT
(event vetoed if)
HTtreeer>150 GeV 23 jets, ET>50 isolated leptons HT>300 MHT >150 GeV
at HLT |n|<2.5 (pT>10), jets ET>50, using jets with  using jets with
In|>3 pT>50, |n<2.5 pT>30, |n|<5
% - T I T T T T I T T T T I T T T T e % El T | I I I l T T T | T T Ij
n reliminar ] CMS Preliminar
g - 3§M=s7pre:/ ! : (OD 10° 2 Ns=7TeV ’ 5
| L = 36 pb' s+ Dpata  _| = L =36 pb” 4 Data 3
L‘\) 102§ i -Z—wv E : 1055“ ’ -Z—yvv E:
"g -, aco ] -UE) 1 04; g aco ;
G>J 10 :x‘{: | I’ -w — q>) ? ‘A -w %
L - tt g L 3 & tt
. 100 . E
" otherEWK = a | otherEwk J
1 [ lm _: 10° E 5 [ Jw 3
108 Ty E
10° . 1] E
: 10" %
10° 500 1000 1500 2 -oo 10°0""200 400 600 800 1000
H, (GeV) r (GeV)
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Jets + MHT search: Z — vv

v : w

B oia’ \/1 i
c“';‘..o '
Z _ Z

Irreducible background Obvious control Non-obvious control
sample: sample:
replace leptons by replace Z by high pT,
missing momentum Isolated photon
Baseline selection: a major measurement
2 Z->ee evts, in itself...
1 Z-> U evis

Scale for BF(vv)/(BF(I)=6, effic, accept
N(Z—vw)=17""

10
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Photon + jet event

CMS Experiment at LHC, CERN
Data recorded: Sun Jul 4 08:25:27 2010 CEST PhOton
Run/Event: 139365 / 59867556 pt =128 GeV/c
Lumi section: 63

n=0.5

@ =2.0rad

Anti-kr 0.5 PFJet
pr = 139 GeV/c

n=-0.6
@ =-1.1rad



CMS

QCD background prediction

Use control samples in data to measure jet
resolution functions

— photon + jets MHT=- Z p;
— dijets et
Apply re-balancing procedure to data

— adjust jet Et values to obtain overall zero MHT.

— events with real MHT (ttbar, W, BSM) are included.

Data events are then re-smeared using
resolution function.

Method is jet-based, so predicts MHT, not MET.
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Jets + MIHT search: results

pF—
High MHT selection: High HT selection:
Baseline + MHT>250 GeV Baseline + HT>500 GeV
QCD

- High MHT Selection High HT Selection

Total predicted 188£3.5 43.8+92
Observed 15 40




Jets + MHT search: an interesting event

CMS Experiment at LHC, CERN

. | Data recorded: Tue Oct 26 07:13:54 2010 CEST
\| Run/Event: 148953 / 70626194

"'J Lumi section: 49

[Jet pT: 393 GeV| MHT = 693 GeV
\ ‘_ ey HT = 1132 GeV
A PP~ . Meff = 1.83 TeV
/ N |
/ > No jet invariant

JotpT. 57GoV] I’ L, | mass combinations
e
F. match W, t masses

'\ | Jet pT: 214 GeV|

Jet pT: 34 GeV|

MHT: 693 GeV
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Jets + MHT search: CMSSM constraints

Signal acceptance: 10% — 20% for high MHT selection.
Contours: envelope of best sensitivity of both the HT and
MHT selection. (Statistics: CLs method)

tanp=10, u>0, A0=0
450 B 1 1 1 1 | | | | | | | | | | | | | | L
L L = 36/pb,N's = 7 TeV CMS preliminary -
B — QObserved, NLO o o .
" ’ CDF 2,4, =5, u<0_|
400 —— Observed, LO ~g~q tanp=s “<0_
S, Expected = 10, NLO SN DO 2,7, tanp=3, u<0™ ]
L LEP2 % 7
L . LEP2 T° ]
[ §(800 —
350 F /\ e omsq, -
L ——— Atlas, tan=3 i
300 o §(800)GeV—_
: \» ....‘ :
250 awm Do - —
~ b g(650)GeV -
A 3(500)cev\ N | N -
200 IS T ]
& ‘-§~. d
el o ] \T‘M“:F

0 400 600 800 100(
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Simplified models: selection efficiency

High MHT selectlon

1000 - CMS Prellmlnary\E 7 TeV L=36 pb ¥
900F GG 4jets + LSPs

~AXxe

800[High W, selection

0.9
0.8
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3 0.5
s00; 04
400F
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0

600 800 1000
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quh MHT selectlon

1
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m, g (GeV)

Simplified models: cross section limits on
combined CMS hadronic searches

Minimum 95% C.L. upper limit on the production cross
section from three hadronic analyses: aT, jets + MHT, razor.

Gluino pair production
CMS Preliminary L, = 35 pb T \s=7TeV

prod oNLo-acD

oprod = 3 gNLO-QCD

(=]
(=)
IIIII

9

.................... prod =1/3 GNLO-QCD
800} N

- Hadronic —
7°°j Searches —
600 —

N |

500}

400}
300
200"

100
400 500 600 700 800 900 1000

(GeV)

glumo

95% C.L. limit on ¢ (pb)

mp (GeV)

Squark pair production
CMS Preliminary L;, = 35 pb T Ns=7TeV

Prod oNLo-QcD
oProd _ 3 gNLo-aCD
oprod = 1/3 gNLo-acD

(o]
(=]
(=]

I 1

..........

-y
o
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Hadromc
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CMS . . .
Hadronic search with “Razor” variables

C. Rogan http://arxiv.org/pdf/1006.2727v1

Main idea: search for pair production of heavy objects near threshold.
Arrange all reco’d objects into hemispheres, with 3 momenta p and ¢

) (714 — |1p.)?
Mr = 2\/ ®:— )" — (17 - 171

MR \/ TN+ 1) = M- 5+

Scale:

M,~s~M

p RNP?iSS/\/?

e

QCD Monte Carlo
) ttbar Monte Carlo SUSY LM1
L4~ CMS Simulation T N R
- QCD . 14 - i 3 B - ion
1 2:_ Q \s=7 TeV !25( E T+jets \(/351\;[7S’I§;$ulatlon 1 .4: SUSY LML \CSI\LI7S TSel$ulatlon |
“r 35007 1 127 1 12 =
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- e e 7 B . ]
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CMS

Razor analysis: results

My, distribution for QCD background falls exponentially, with
slope determined by cut on R. Other backgrounds have
similar behavior. Background shapes & norm from control

samples
10T LIIroy
F pliminarfy —R=>0.15
—R>020
R>025

g EMS
}B\j@ Tl
. E\:P\ . "L dt =[35 pb"

100 150

R>0.5, Mg>500 GeV: predict 5.5 £1.4 events, observe 7 events.

200 250 300 350 400

Mg [GeV]

Events / 40 GeV

3.,
10 v £

10

~"‘ b Z+]etS
— Top+X

I|IIII|IIII|IIII|II

CMS Preliminary HAD BOX
\'s=7 TeV — DATA
----- Total SM
f Ldt=35pb’ — QCD
— W+jets

corvrnnl ol

Lol

L 1 11

M, [GeV]



Razor analysis: CMSSM exclusion curves

CMS Preliminary [Ldt=35pb’,\s=7 TeV
— O I 1 I I I 1 | | | | | | | I | I | I I
L 95% C.L Limits: T . i
CDF 3, g, tanp=5, u<0
) | & Observed Limit, NLO o §» > 1ANP=S <0
Q) L= - .- Median Expected Limit  [Sony DO 7,7, tanp=3,u<0 _
~ L Expected Limit = 10 . N
Q LEP2 %'
I 400 e §/ N ]
S = 00) 6o, LEP2 7 -
.- tan[3=10,A0=0,u>0 _
- 2 (800)Gev-
300 > —
B 2(650)GeVT
(. §/500 7]
I / ‘& —
200 TN 2(500)GeV
| | 1 | I | 1

R I E— —
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Single lepton + jets + MET search

“

Single mu >4 jets, pT>30 pT(e)>20 GeV HT>300 GeV MET >250 GeV
(pT>5 GeV)+ In|<2.4 pT(mu)>20 GeV using jets with

HTtrig>70 GeV, isolated, only 1 pT>20 GeV,

pT(e)>17 GeV lepton/event In|<2.4

Distributions after baseline selection (no offline HT cut and onIy MET>25 GeV)

> IIIIIIIIIIIIIII > T T T T T T > L T TT T
Q10T R 4 Jets g [T BB+ dets FAOETTTTTT TR T + Jets
=N — W + Jets o 100( | — W + Jets o 180 — W + Jets
« 1200 ==QCD o] == QCD X == QCD
2 100E = single Top 2 ok = single Top 8 140 B single Top

L c L
s | B DY + Jets o B DY + Jets o BN DY + Jets
> 3 > L >
w 80 —— Data W gol —— Data w —— Data
Y L Y L Y ]
8 60F CMS preliminary ] 8 - CMS preliminary 8 CMS preliminary ]
_dé 36 pb’, NS =7TeV é 40 36pb", Vs =7TeV - g 36 pb, V5 =7 TeV
ER EN E

200 20 .
0 50 100 150 200 250 300 0 200 400 600 800 1000 1200 50 100 150 200 250 3??
£, (GeV) H; (GeV) (Ge

T lep.



CMS
Lepton-spectrum method

For dominant backgrounds (ttbar & W + jets), the lepton
and neutrino are produced together in W decay. (ldentical
boosts to lab frame.)

If we control polarization effects, can use lepton spectrum

to predict the MET spectrum for background.

0

0

50 100 150 200 250 300 350 400
Eq (GeV)

0

~400r n 1 ~ 4001 = - 1
% - CMS simulation % - _ CMS simulation
S30F \s=7TeV QO 330 " \s=7TeV
2300 4 W+ jets & ttbar | BT300 " SUSY LM1
i | 4a-1 1 10-1
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N - o o = | n - | -
: 2001 " s ol Bl
B - - --. [ | = - -l
. | | e N N l Il
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l - 0 B O [} by l. L
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....... I I I B B B .
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CMS

W polarization in ttbar

* SM background is dominated by ttbar and W+jets events

 MET distribution is mostly due to real MET from
neutrinos, which are produced together in two-body W
decay. Vg

AW = 0:f =07
M AW )=—1:f =03

If we take |nto account
polarization, etc., the

I* and | have lepton spectrum gives us
same ang. the MET spectrum.

distributions V"~
’ “:>-> v,

P




CMS

Single lepton + jets + MET: results

* Predicted single-lepton spectrum (with smearing using jet
resolution templates from data).

» Also measure dilepton feed-down and ttbar -1 +tau,
W->tau—>lep, and QCD from control samples.

10: T 1T | T T 1T T | T T T T | T T 171 | T T 1 | | | .

o owspammay - [T R RO

: -1 - J
8t 36 pb”, \s =7 TeV —  Predicted SM 1 17414 12410
7:_ 1 L, >4 jets E |6pt0n ol = dlo ok — L.

- 1 Predicted SM 1038 106
6F . 0.0 0.0

;[ + Observed ] dilepton —-0.0 -00
S ] : - 4038
af Background prediction Predicted smgle tau 029 A 022 0.32_0.32
3! o Predicted QCD 009£009 007
2? + LLlL‘ *M _; Total predicted SM 21+15 15412
1 - . = .

EI L1 1 | L1l 101 | 1 | | I | | I_]_1_'_i_‘—l—l IE Obs.erVEd SIgnal 2 O
50 100 150 200 250 300 350 region

E; (GeV)



CMS . . .
Dilepton search: opposite srgn

http://arxiv.org/abs/1103.1348 A g N g—
o

Single mu, and >2 jets, pT>30 22 opp signisolated HT>300 GeV y = MET/VH;

dilepton triggers  |n|<2.5 leptons (e, W): using jets with  >8.5 VGeV
pT(lep 1)>20 GeV pT>30 GeV,
pT(lep 2)>10 GeV In|<2.5
30 ABCD Method uncorrelated varlables Lepton-spectrum method: use pT(I*I)
< 1 | cms CMS L =34pb™, Vs =7 TeVv
> o5 34.0 pb™ at \s =7 TeV ° SMMC P i s_ °
g Events with ee/uu/ep « Data ,,g = Events with eeluu/epé : mi :L:(::\:ee:
> 20 B . . Q qgo - Hr>300Gev —¥— data predicted
1-A | D ‘signal region w s & data observed
MET ] Ve Data

Z'- - Observe 1 event

I|IIII|IIII|IIII|IIII|III

B
IIII|I|II|IIIITIIIII|IIII|IIII

= T E

Predlct 1.3i0.810.3 1—T { %%ﬁ! —

10 . (A/B)C 10_1; E _;
] SR r PT(*I) template [ MET °
. S ' ? prediCtiOné \/H %
01.1..[.1.,.|1'.";...'.'1.1..[.HT 10 g b N
0O 200 400 600 800 1000 1200 .=uv y (GeV')

H; (GeV) Predicts 2.1£2.120.6 events



H, [GeV]

CMS

|
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Dilepton search: same sign

* Classic SUSY signature: very low SM background due to
suppression of dilepton ttbar with 2 primary leptons.

» Background from ttbar with 1 primary, 1 secondary lepton

* In electron channel, can also have charge mislD resulting
from hard bremsstrahlung + conversion in the detector.

TIPS, n_rrrP/‘
% /
.

D

i

leptons

.

/

4'9

.

Z p,>20 ..}'

MET [GeV]

| RPN U VN WS G Vi W W i VA Grany Sw—ra=.-

H, [GeV]

€e, P, ep
iw p. > SGev

low-p, leptons

MET > 30, H_ > 300

AAAAAAAAAAAAAAAAAAA

MET [GeV]

Can go to very low MET.

..no signal observed in any channel

H, [GeV]

_ final states with t's

MET > 50, H_ > 350
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MET [GeV]



Same-sign dilepton search: results

. Search Region | ee [ e | ey total 95% C.L. UL Yield |
Lepton Trigger
EP = 80 GeV
MC 0.05 0.07 0.23 0.35
BG predicted 0.23 %9237 0.23"02¢ | 074 +055 | 1.2+ 0.8
observed 0 0 0 0 3.1
Ht = 200 GeV
MC 0.04 0.10 0.17 0.32
BG predicted | 0.714+ 058 | 0.017 )21 0.25%037 | 097 + 0.74
observed 0 0 1 4.3
Hr Trigger _
Low-pr
MC 0.05 0.16 0.21 0.41
BG predicted 0.10 4+ 0.07 | 0.30 £ 0.13 | 0.40 = 0.18 | 0.80 =+ 0.31
observed 1 0 0 1 4.4
ety HTy T, Th ~ total 95% C.L. UL Yield
T;, enriched
MC 0.36 0.47 0.08 0.91
BG predicted 0.10 £ 0.10 | 0.17 £ 0.14 | 0.02 = 0.01 | 0.29 £ 0.17
observed 0 0 0 0 3.4
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300
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200[- ™

Summary of CMSSM constraints

CMS preliminary L =36 pb",\/§ =7 TeV

I I 1 I I 1 I I 1 I 1 I 1 I I 1 I | —

CDF g, 3, tanp=5,u<0 |
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CMS

2 photons + MET + jet(s) search

http://arxiv.org/abs/1103.0953

T NS N N

Single photon triggers >1 jet pT>30, |n|<2.6, 2 isolated y’s MET
(>99% efficient for signal) sep from both y’s with In|<1.4, >50 GeV
AR>0.9 pT>30 GeV

1. QCD (real or fake y's ) = Fake MET (dominant bkgrnd)
« MET shape determined by resolution on jet recoil system
 Measure MET shape using 2 control samples

(Z>ee + jets & 2 Fake y + jets)

* Re-weight MET from control region according to pT (yy)
 Normalize to the low MET region in yy sample.

2. EWK: W (ev) +y/fakey ;efakesy = Real MET
 Reweight ey control sample using measured f(e-=2>vy)




CMS ~
2 photon + MET + jet(s) search %' —>7v+G

http://arxiv.org/abs/1103.0953
Oriented towards General Gauge Medlated (GGM) SUSY models.
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CMS
1 photon, 1 electron control sample

Observe excess over QCD background from SM processes
with real MET.

m Y T T 12 Y T T T ¥ T Y L2 ¥ T Y ¥ ¥ T ¥ T ¥ T Y T ¥ T ¥ i
ch i gGMSb“ ° Data - ey (No Jet Requirement)
L1>J 02 \s = ;) TeV 77777 Total SM Expectation
IS 107 Predicted BG (QCD shape from Z) ;
S .
)
Q0
-
Z 105 o
) o
' A
8
E +
L
©
1 5
i =
E
5

80 100 120 140
ET™ (GeV)



2 photons + MET + jet(s) constraints

> 4\\
\13\ ’\
<S2000F T ' '
o CMS
e 36pb’
) Ns=7TeV
=

1500

1000

500

500

1000

1500 2000
M(@) (GeV)

0.6

0.5

cross section (pb)

S2000 v T T T
) . \ : CMS _— M(X?) = 50 GeV
v1 800 | 36 pbl‘l DO ~0 — Il
‘2’1 6001 ‘ J— M(x?) =500 GeV —
I S N p— Expected for
1400 |- : M(x}) = 150 GeV |
i ‘ 1 i
1200 |- E
1000 |- \
800 |-
600 |-
400 - =

400 600 800 1000 1200 1400 1600 1800 2000
M(q) (GeV)



CMS

Conclusions/Prospects

 With 36 pb-1 at 7 TeV, we have surpassed the
Tevatron sensitivity for SUSY searches.

* A broad range of SUSY analyses have been
commissioned on 2010 data.

e Strategy is to use determine backgrounds using data-
driven methods, with multiple methods for cross-
checks.

* Explore as many distinct kinematic regions as
possible.

* Hopes are high for 1 fb™! by the summer. Should
substantially extend our mass reach for SUSY.
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* Key element of
SUSY searches:
large (>200 GeV)
missing
momentum due
to production of
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Broad range of
signatures, with
leptons, photons,
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missing transerse
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/ boson decaying to u* in CMS

CMS Experiment at LHC, CERN T

Run 135149, Event 125426133 1
Lumi section: 1345 /

< | sun May 09 2010, 05:27




CMS Experiment at LHC, CERN
Data recorded: Fri Sep 24 02:29:58 2010 CEST
Run/Event: 146511 / 504867308

- 11q: 92,15 GeV
- 13 92.24 GeV

- L1: 70.12 GeV
y + pq: 83.1 GeV




