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Analyses

« SUSY in y+MET
= Results with 4.7 fb!
+ y+jets+MET, yy+jet(s)+MET (SUS-12-001)
« SUSY in b+MET
= Results with 1.1 fb!
+ bHjets+MT2 (SUS-11-005)
+ b+jets+MET (SUS-11-006)
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v+MET: example diagrams

« General Gauge Mediation SUSY scenario
= Lightest SUSY particle is the gravitino G~
= Phenomenology depends on the NLSP type

Jet

Bino NLSP
g

,

*
=
(1]

MET

Fd
ra
2
(]

Jet
[Ruderman & Shih: arXiv:1103.6083]
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v+MET: Signatures and backgrounds

NLSP type Y+ 2jets + ET™* vy +jet + EF™*
Bino jets + X?X? —jets+ v+ Z + GG jets + X?;T:? — jets + 7y + GG
Wino jets + X1X] —jets + v+ Z+ GG
jets + XIXT — jets + 1 + WE L GG

jets + X?X? — jets+ vy + GG

* Signatures
= 22 photons, 21 jet, MET
= 21 photon, >2 jets, MET
 Backgrounds

= QCD: mutltijet production with or without real
photons
* MET from mismeasurement of jets

= Electroweak: W—>ev with fake photons

= 21 photon analysis only: W, Z, ttbar with real FSR, ISR
photons
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v+MET: Event selection

 Photon thresholds defined by the trigger
= 2y: diphoton trigger (36, 22 GeV online)
» > analysis selection of E; >40 GeV, E,, > 25 GeV
= 1y: photon (70 GeV online)+H; trigger
» > analysis selection of E, > 80 GeV
+ Jets
= Particle flow reconstruction, pileup correction applied
= pr>30GeV, |n|<2.6, pass quality requirements
© 2y: 21 et
* 1y: 22 jets, H>450 GeV
« MET (particle flow)
o 2v: MET>50 GeV
= 1y: MET>100 GeV
» Leptons
= No veto or requirements on leptons in the event
- Want to avoid vetoing signal with W/Z decays to leptons!
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v+MET: details on photon selection

* |n|<1.4 (barrel ECAL)

o Isolation

= Total energy in tracker and calorimeters within AR=0.3 must be
<6 GeV after correcting for pileup

* Quality
= Cluster shape and HCAL energy requirements

. }Isfoll?te’(,i photon candidates failing quality criteria are called
akes

* Mostly jets with EM fluctuation
* Used in forming control samples
* Pixel match
= Isolation and quality criteria select both electrons and photons
» Match to pixel detector = electron candidate
 No match to pixel detector 2 photon candidate
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v+MET: QCD background estimation

- Fake MET arises from mismeasurement of hadronic
objects (jets) recoiling off of the EM objects (photons or
fake photons)
= 2y analysis:

» Use ff control sample

- Data-driven reweighting of events to compensate for different
1 spectrum of the EM objects between control (ff) and signal
Fyy) samples

» MET shape taken from reweighted ff sample
* Normalization taken from yy sample at MET<20 GeV
» Similar technique applied to Z—>ee sample
» Difference from ff result taken as a systematic
= 1y analysis:
- Control sample with looser photon ID
» Similar reweighting
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v+MET: Electroweak backgrounds

e 2y analysis
= Main background: W—>ev + radiated y
* Real MET from neutrino in W decay
- e fakes y
= Measure fake rate f(e=2y) by comparing the number of
Z—~>ee events in ee and ey samples, in bins of py
- Weight a sample of ey events using the fake rate to get
the number of fake 2y events
* 1y analysis
o ttbar, W, Z all contribute

- Portions with ey fakes estimated from data as above
* Remaining contributions (ISR/FSR) from MC
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v+MET: MET distributions

¢ Observed data in agreement with background predictions

vy channel
> ET T T mrT mrT I'Y"YI ICll'a.I".I‘llIell T L L= cC QM| ‘Pr\e!lmlﬂa\ﬁyu |£|1'|3|ﬂ\)\_|1\ HS\_\ \7\ T?y| T |>|:I\’Y|’\2\2\ ]‘e\t\S\ E
S o - CMS Preliminary Vs =7 TeV, f Ldt=47 " ] 0 107 e Data ~ Total SM bkg.
9 1 § At least 1 Jet Requirement § ) 1 06 {vy/Qcb Me—v ]
92 40 . —e— vy Candidate Sample i e 5 BWIZy Wiy
= = -o-_._+ Eggl Background Uncertainty 5 = g 10 E
g 102 & N [ Electroweak _ i 10* GGM my/my/m.. lGeV] E
e —— Com o etonzsons o 5 10° 250018001650 - 1250/1200/375
o 10g, y E 5 10° :
@D E 3 0
Q ] 10
g ! = S
5 3 2 1
Z 10" 10"
= 3
107 Z
% Yy f/ 7
-— 0.3 | | ‘ | L1 1 | I 1 ‘ I | ‘ | 1 1
0 20 40 60 80 100 120 140E 1[68e\}]80 8 0 100 200 300 400
T ., [GeV]

Limits calculated by combining exclusive bins of MET
1y: 6 bins starting at MET of 100 GeV
2y: 6 bins starting at MET of 50 GeV
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Interpretation in simplified models
» Interpretations given for bino, wino-like NLSP

e v, vy channels set similar limits

2000 CMS prellmlnarv 4.3th \ 5s=7TeV >=1v,>2jets — 2000 . : . .
= C E - GGM wino-like " —': ‘o CMS Prelljminary
8 18000 % m_. = 375 GeV S i _[Ldt:d.?lb N5 =TTeV
I_.tlc:.n - " | NLO limits 8 i :?I:::tu‘? i(er:th::::.li}rement
£ 1600- kL —— Observed ~ _ NLOLimits
- i 410 (theory) 2715007 dbsarved 4
B —=—E d 7 T e g (theo
14002_ EE . 4_)-( l‘:l'g(i:aexper.) ] -—_ ExpEectedm
1 200 - '\ . I [ fE EL::zrrsi‘;'lemaIJ
1000 o 1000 i m
] . - §NLSP
600¢ : 500 -
T T T T S
400 500 1000 1500 2000 T 560 o 10|D0 (G v 2500
m. [GeV] eVic’)
q
1y search, wino-like NLSP 2y search, bino-like NLSP
NLSP mass fixed to 375 GeV Squark mass fixed to 2500 GeV

Complete results in backup slides
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v+MET summary

» Searches done with full 2011 dataset in 1y, 2y +
MET channels
= Main backgrounds predicted using data-driven
methods
= Observed data analyzed in bins of MET and
found consistent with background
¢ Interpretation in terms of SUSY models with
bino, wino-like NLSP for varying squark,
gluino, and NLSP masses

= Also interpreted in terms of Universal Extra
Dimensions
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b+MET: Introduction :
SUSY BBy

« Many SUSY scenarios predict a T g
light 374 generation (naturalness) o
with light g~ heavier too toroby

- Add b-tag to inclusive searches
» Cut background while keeping b~, N Ak oo
t~ signal i indico.com omfrenceOterV
= This talk: hadronic searches with >3 A
jets (1.1 fbt)
- Particularly sensitive to g~ = bbX,~

= Tomorrow: same-sign dileptons + b
tag (4.7 tb!) [Slava Krutelyov]

» Better performance on t~

lzo
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b+MET: Signature and Backgrounds

e Signature: jets + b-tag + MET
» Backgrounds:
= ttbar 2 bW bW - bqq’ blv
* real MET from v

= Smaller (suppressed by b-tag):

+ Z+jets with Z->wvv

- Real MET, so irreducible
+ WHjets, single top
+ QCD (fake MET)
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Li 4 =1.1f'\s=7TeV CMS Prellmlnary
. £ CMET>150GeV 7T ]
- >
b+MET: event selection : =58 e
E= Diboson
= 7y IT 5
!!!gﬁgt;pr i
+ Large hadronic activity =
s Multiple hard jets . QCD
>4 for MT2 analysis
>3 for MET analysis
; LargeHTzzjets|pT| SRR ol R O Lol B ok 2l
MT?2 analysis: H;>650 GeV 400 500 600 700 800 9&? ( (13%[{9)
* (driven by trigger)
MET analysis: H;>350 (500) GeV for Loose (Tight) branch - Ly =1AR'NS=7TeV  CMS Preliminary
 Veto isolated leptons (e,u) 2 0L HT>500 GeV - Dot E
s Cut down on ttbar, W © F | >1b tag = Lo iSlgnal)_
« Veto events with small A¢(jet, MET) 8 " ==Dboson 3
> Reject QCD with fake MET |5 =
« Large missing energy i == Single-Top 7

. E
= Hither directly as MET or recast as MT2 — &eo ]
MT?2 analysis: MT2>150 GeV

MET analysis: MET>200 (300) GeV for Loose (Tight)

200 250 300

350 400 450 500
ET"™* [GeV]
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MT2 plus b-tag

 b-tagging allows for looser MT2 selection
= MT2>150 GeV (400 GeV in inclusive analysis)

Looser cut enhances sensitivity to some models

e.g. CMSSM test point LMY has relatively soft missing
energy distribution

* ttbar background estimate:
= Use ttbar-dominated sample with 1 electron
or 1 muon
+ Use MC efficiency numbers to move from 1
lepton = 0 lepton sample

Perform this method in control region
100<MT2<150 GeV

= Compare prediction for 0 lepton sample to
MC for 0 Iepton sample; level of agreement ] 500
quantified in the uncertainty M,

* Scale from control region to signal region
using MC, propagating uncertainties

* Result
= Background =10.6 £1.9 + 4.8 events Control region

= Observed =19 events (ttbar dominated)
= (LM signal = 42.9 events)

Low My, Analysls  CMS Preliminary,ys =7 TeV, L = 1.1 fb™

s I W jets

. B Z+ets
Signal I Top
region

.......

Events

data/ MC
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MET+b tag: background methods

Lipg = 1- 1 fb1\f_ TTeV CMS Preliminary
Illllll‘ll LI

HT>500GeV  —+ pata E
>=1b tag = LM9 -
1leor n = Zow

o ttbar+W+t

ents/20 GeV
&

30 iboson _E

» Find MET shape in 1 lepton control S =P ]
sample \ = Single-Top

* Normalize to ttbar-dominated regionat |, g E

medium MET (150<MET<200 GeV)
)0 lepton =

-
o

’ (Nhigh MET
(Nmedium MET) Nhigh MET/ Nmedium MET) 450
» Cross-check with independent method E™s [GeV]

0 lepton ( 1 lepton

O O,
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MET+b tag: background methods

g HT>500GeV v paa

ttbar+W-+t S o teorn =i
. . = Diboson =

» Find MET shape in 1 lepton control S =2y ]
sample \ = SngeTop ]

* Normalize to ttbar-dominated regionat |, i E
medium MET (150<MET<200 GeV) 0 E

’ (Nhigh wmeT) PO = f

0 lepton ( )1 lepton

(Nmedium MET) Nhigh MET/ Nmedium MET

» Cross-check with independent method
= QCD
* Novel resolution-normalized A¢(j, MET)
variable and MET are uncorrelated
(N )high MET = (Nf l)hlgh MET (Npass/ Nfa1 )low MET

pass ai

Lipg = 1- 1 for ! \F 7 TeV CMs Prellmlnary

250 300 350 400 450
E™s* [GeV]

Ly = 1 11 'Ns=7TeV CMS Preliminary

o AR AR AR R R
2 ‘Cut value  _, Data .
g 500% — LMo =
| = = Zowy d
400[4 >=1b == Diboson N

MET>150 GeV B8 Ziy*—IT

C B wolv ]
300 HT> 350 GeV = Slngle Top

200F

100F

00 5 10 15 20 25 30 35 40
Aq)mln
N
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MET+b tag: background methods

g HT>500GeV v paa

ttbar+W-+t S o teorn =i
. . = Diboson =

» Find MET shape in 1 lepton control S =2y ]
sample \ = SngeTop ]

* Normalize to ttbar-dominated regionat |, i E
medium MET (150<MET<200 GeV) 0 E

’ (Nhigh wmeT) PO = f

(Nimedium MeT)” P (Nhigh MET/ Nimedium mer) P

» Cross-check with independent method
= QCD

* Novel resolution-normalized A¢(j, MET)
variable and MET are uncorrelated

(NpaSS)high ML = (Nfall)hlgh MEL (Npass/ Nfal )1OW MET
Z>Vvv
» Data-driven translation of Z—>11 control
samples

Lipg = 1- 1 for ! \F 7 TeV CMs Prellmlnary

250 300 350 400 450

ET™ [GeV]

LInt = 1 1 fb Ns=7 TeV CMS Preliminary

N TT | TTT ‘ TTTT ‘ TTTT | T 1T 17T
2 ‘Cut value  _, Data .
§ 500% = m9 .
L =7 5wy ]
>=1b E= Diboson ]

400H4

MET>150 GeV B8 Ziy*—IT

B Wy ]
HT> 350 GeV == Slngle Top

300

200F
100F

QJ 5 10

15 20 256 30 35 40

A q)mln
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MET+b: results

 Background predictions agree with data

“>=2b Loose” “>=1b Tight”
HT>350 GeV HT>500 GeV
MET>200 GeV | MET>300 GeV
>2b >1b
QCD 0.0+ 04138 0.2+0.2703
top and W+jets 24+7x5 13£5+4
top and W+jets cross-check — [17.0x£57+£21
Z—=v 26+29+20 | 50x16=x£20
Total SM 258474725 [182+£53+45
Data 30 20
SM MC prediction 35.7 1.3 251+1.6
LM9 (CMSSM) signal 60.0 £2.5 27722

Not shown here: results of “>=1b Loose” and “>=2b Tight” selections.
- Also good agreement between SM prediction and data.
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Interpretation in Simplified Models

 Simple topological model
g~g~ = bbX~ bbX~
Exclusive production and decay
Set an upper limit on the cross section as function of m
* (Also get excluded region based on NLO cross section)
MT2+b MET+b

pp ~ 55§ 2b + LSP; m@>>m(G) PP—9g, 34 2b + LSP m{q)»m(“ )
T —

g~ Mx~

S12001  cwis preliminary T %1200 L. =11fb'\s=7TeV E
8 - \s=7TeVL=1.11b" O Q) 1000 - CMS Preliminary 10 -
10 = % | = gProd = ghLo-aco O
& — i - Pl = 3, GNLO-QCD o\c'f
o £ goof 0
16 B 1 ®
| |
£ 600] =
10_12 400__ 10—1 -8
] 200i 5
| — w
| O 5 g
400 600 800 1000 1200 19 %‘; 400 600 800 1000 1200 107 O
& g [GeV/

m, (GeV)
—>Similar sensitivity; MET+b does better in regions closer to the diagonal
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Note on kinematics and selections

- Simplified models have widely varying MET+b: which selection is best

kinematics by construction op 53,5 - 2b + LSP: m(@)>>m@)

o Heavy gluino, licht LSP ¢ives high — . A == | -
daug tgrs > hargd jets an% lots o?M%TT > 1200 L _ 11 fb'LI \Ns=7 lTEV ! -
— —int - ’

o Nearly degenerate gluino, LSP = soft L]
jets and little MET © -CMS Preliminary

[Ge

Challenging! Favors looser selections 1000 2L |
o - . 7 ” L |
* In MET+b, show the limit at each point @ [2L: >2b “Loose -
as determined by the best expected limit e -1T: >1b ”Tight" e
= “expected” limit is derived from data- 800 L2828 2
driven background estimates, but 2120 2L 2L
without using the observed data counts - L2202
212020 2L

in the signal region 600

= The limit you would expect if your
observed data exactly matched your
background estimate

2L 2L 2L 2L

2L 2L 2L 2L

2L 2L 2L 2L

2L 2L 2L 2L 2L

2L 2L 2L 2L 2L

2L 20 2L 2L 2L

2L 2L 2L 2L 2L
200 2L 2L 2L 2L 2L 2L
2L 2L 2L 2L 2L 2L

2L 2L 2L 2L 2L
2121 2L 2L 2L

400 600 800 1000 _ 1200

m, [GeV]

400

L
[

|II‘..I|III|III|
&
N

mal pal
il
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b+MET: Future directions

« Expect many more SUSY searches to add a b-tag
requirement in the future

= As advertised, the first of these is being presented
tomorrow by Slava Krutelyov

= The analyses shown here, plus others, are being
updated on the full 2011 dataset

»+ Key new developments:
» Higher jet and/or b-tag multiplicity
* More sophisticated analysis (multiple exclusive bins)

» Challenges:

* Dealing with higher trigger thresholds and pileup at the end
of the 2011 run

» Pileup even worse in 2012 - a number of strategies are being
pursued (particle flow and PU corrections in trigger)
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Extra slides
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v+MET: p; spectrum reweighting

¢ Details on diphoton QCD estimate

= QCD topology is EM objects (photons or electrons or photon fakes) with
recoiling jets

* Find PF jets associated with EM objects
+ Make a vector sum of the momenta of those PF jets
* pris the transverse part of that vector sum

- Plot that p; spectrum for ff, yy samples
+ Reweight ff sample to match the yy p; spectrum

* Notes:

+ Using PF jets associated with EM objects found to do a better job than using the
EM objects themselves (to get the right hadronic energy content)

- Fake MET is dominated by the recoiling jets
= This is true for both the signal (yy) events and events with fake photons

« 1y analysis:
= Similar procedure, except no need for vector sum



R,

J. Thompson, Cornell 17 March 2012

v+MET: background summary

Table 2: The number of events with E?‘jss > 100 GeV from 7, ff, and Z — ee as well as the
total number of background events with EZUsS > 100 GeV using the f f data. We also show the
contributions to the errors due to the re-weighting technique and normalization.

Type Events | scal error | norm. error
vy candidates 11

ff QCD background | 10.1 +4.2 +0.3 +0.03

ee QCD background 14.7 £ 3.1 +0.1 4+0.03
EWK background 29+1.0 +0.0 +0.9
Total background (ff) | 13.0+4.3

Table 3: Resulting event yields for the =1 photon + =2 jet selection for three different signal
regions {E%‘ia'E = 100/200/350 GeV). The FSR/ISR statistical errors are due to limited MC
statistics.

ET*™ > 100 GeV ET™ > 200 GeV ET" = 350 GeV
=17, = 2jets (stat.) (syst) (stat.) (syst.) (stat.) (syst)
QCD (from data) | 607.7 £467 +£540 | 907 <Ll64 +9.9 6.8 +4.1 +0.8
¢ — 7 (fromdata) | 17.2 03 +7.2 35 £02 +1.5 04 <001 +0.2
FSR/ISR(W,Z) 276 +£32 4276 | 104 420 +104 1.6 +0.8 +1.6
FSR/ISR(tt) 38 09 +3.8 0.8 +04 +08 | <001 <001 =001
total SM estimate | 656.4 +469 927 | 1055 +£165 £226 8.7 +42  £25
Data 615 63 4
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v+MET: Interpretation in simplified models
« NLSP fixed to 375 GeV

2y analysis

Lat=4T " JE=TTeV

1y analysis

CMS preliminary 4.3fb "\s=7 TeV 2t =2jets

—_ —_ = =)

L3 L3 F
95% CL upper limits 8 1o E £ e £
on the signal cross- 5 2
. 2
section = r

=
O 2
1000 < 102 5

(=]

Bino-like
500
1000
Mg (GeV/ic?)

3
8
E
-l
Wino-like ”
o
2
8

500 1000 1500 2000
Mg [GeV]
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v+MET: Interpretation in simplified models
« NLSP fixed to 375 GeV

2y analysis 1y analysis

CMS preliminary 4 3fb Ws=TTeV 2, )2Jeis

) > 2000 g S 20005y T GGM Bino-ike "
Exclusion ‘3;;’ i | Y s Profminay o - ‘;  mo=arscev .
1 X O 1800f ¥ eV

8 - GGM bino fike - > r i NLO limits ]
contours e | A e ] £ 1600L | —observea
221500 )} ot . : o o (theory)
based on UL - T X 14005 | 25 (enper) |
values on : j‘--._,___lzulig[emﬁmtali - 1200¢ 1
. . & h e ] 1000:_ --...~_--...._.,,-—_
previous slide 1000} e : S—
L 7 800 3
L 4 [ Excluded ]
Excluded . . 7 6001 no-1i =
sool. Bino-like | ~F,  Binolike 3

5(|][]I L I1DI{)0| n_n |15|[K}| A I?QU[][] 500 1000 1500 2000
my, (GeV/c?) m; [GeV]

2000f CMS rellmna 4.3 ‘J_ 1TeV =ty =2 |els

5 e " &GM Wino-iike "
8 1800 i m.. =375 GeV
o E (it NLO limits ]
£ 1600[ il — observed ]
r | CE - Ei 1 {:::ory) ]
C | —— Expec 7
1400F 1 + 1o (exper.) ]
1200F E
1000F \ Wino-like ]
800F £ cluded o
600F 3
400

P T T T S T I T
500 1000 1500 2000
My [GeV]
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b I N O B I I ke N LS P Heavy squarks (m,.=2500 GeV)

2y analysis

Lat=4T&" JE=7TeV

:

' CMS Preliminary
Lit=4T ' =7 TeV

mi(GeWGZ)
g

95% CL Upper Limit (pb)

800 10
m,a (GEV%}

95% CL Upper

_ Excluded

gNLSP

17 March 2012

P B
600 800

I T T T T T I [
200 400 600 800 1000
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v+MET: Universal Extra Dimensions

« Lightest Kaluza-Klein particle (KK photon) decays to
photon+gravitino
s 2y + MET final state

E | LI | LI | L | LI LI T TTT 3 LU | T T 1T | L | LI LI LI
2 1= cuspreliminary, a7 T L 1 Ecmspreliminary, a7 E
© : Vs=7TeV “JuED (N =6) ] © N fs=7TeV |:| UED (N, =2)
10" = —CMS95%CL 5 10" ¢ —CMS95% CL 3
102 E 10% £ E
0_4 I 111 | I 111 | I | . | I 11 11 I 11 1 1 I 11 1 1 | 1 0'4 111 | I 111 1 | 11 1 1 I 1111 I 11 11 I 11 1 | |
900 1000 1100 1200 1300 1400 1500 900 1000 1100 1200 1300 1400 1500

1/R (GeV) 1/R (GeV)

Figure 7: The UED cross section upper limit for 6 (left), and 2 (right) LEDs at the 95% C.L.
is compared with UED LO production cross sections. Intersection of the central cross section
value implies exclusion of all values of 1/R < 1335 (1323) GeV for 6 (2) LEDs. The shaded
region shows uncertainty due to PDFs and renormalization scale.
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Details of signal point “LM9”

Mass spectrum
1600 1600

- Highmy, lowm, ,,, & ] 1%
. [ L 1o — q— _ [
hlgh tan 3 %140:}_— " —_140:1%
. m0=1450 GeV C T, — ]
> m, ,=175 GeV 12001 S
- AO=O Gev 1'Dﬂﬂ_— T E’H:?2 —_1ﬂﬂﬂ
o tan B=50 B 3 i
0 H>0 auu:— —:snn
- Light gluino, heavy e
squarks a0 — . i
» 34 generation SM 00 —laoo
from decays of - o -
gluinos 200— j‘x’ 5 —200
- h— I'z’i1_~u -
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Comparison of results in the CMSSM

MT2+b
CMS Preliminary, \E 7TeV,L=11 fb'

— 700 : o
o % —— LowMT2 Obs. limits (NLO)' - COF 2.7, moes o]
= SRR LowMT2 Exp. limits (NLO) =] 0 2.7 s
© 600— "~ [ LowMT2 Exp+o (NLO) ST .7 tanp=3,u<0
o tanp=10, A =0, p>0 [ LEP2 &

g 500 ?ﬁ gu‘: H’“.JI:ILEF'Q}“t

E 9 (10gy, Gepr ‘-% ,\_,q

400 E (1800) GV %

300

Z (750) GeV

200

FrEnnl Cat
F(500) GaV

0

500 1000 1500 2000

m, (GeV/c?)

MET+b

200 CMS Preliminary Ns=7TeV, L =1.1 b
| la;1|3:|4[l,lAD:|-5[]|ﬂG-;aV,1|L>[] S

== Observed Linwt"

¥

- L
B So,,,

(03]
==
o
T T TR
W
&

500 000" 500" 2000

m, [GeV]
Note: >=1b “Tight” selection gives best
expected limit everywhere in CMSSM, so we
focus on that result

Note: MT2+b is tanf3=10 while MET+Db is tanp=40
—>ignoring this difference, limits are similar
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b+MET: Signal efficiency in 4b model

MT2+b MET+b

—~

PP—>98.9 — 20 +LSP; m(q)>>m(" )_

pp —~ G5, 2b + LSP; m(E>m(@) —1200 —
S 1200 cus Preliminary 5 - > L, =11 Ns=7TeV X
i W=7 TeV L=1.1 " < Q) -CMS Preliminary W
=1000| towmT2 0.4 = 1000 X
% ' a L <
I | = B
E 800 05 £ ool
600 | . 0.2 600:_
aoo| " I
01 400+
200/ -
0 200}
400 600 800 1000 1200
m; (GeV) 400 600 800 1000 1200 °

m; [GeV]
Shows efficiency of the

selection used to make UL plot
(best expected limit)
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b+MET: Treatment of ISR
Note: Region very near the diagonal is very sensitive to ISR.

At the moment we do not consider a systematic uncertainty due to ISR
in these analyses, so we do not show results in this region.

\1. ALV LU U/AALVLIUUMVLUMU LU AULL VUV ULL L

LU UOU UvL v

T2+b e~ - MET+
PP 55,5~ 26 + LSP; m(§>>m(@) PP 55,3 2 + LSP m(@?>>m(@)
:;1200__ CMS Preliminary 1 L e L, =1.1fb'Ns=7TeV =
8 - \s=7TeVL=l11b v o L CMS Preliminary -
-...11000 lowMT2 — B 10 O
o 0 &%

9 IIIIIII & EA : Q\?‘
£ 500 5 800 &
= - 1 @
- -
600 = 600 =
g— - n
200 3 200 ”
O e o 9
400 600 800 1000 1200 'O & 400 600 800 1000 1200 'O O

Lo m. [GeV]

m, (GeV) o g
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b+MET: MC background expectations

Table 4: Expected background event yields and observed number of events in data for all re-
laxed cuts after preselection for events with at least one b-tagged jet.

Process QCD  Wdjets Z+jets Top Other Total Bkg. data
MT2+b After full selection 16857.5  27.8 148 4453 246 17370 17370
MT2 = 80 GeV 58.8 7.5 5.5 61.4 0.0 133.3 131
MT2 = 100 GeV 10.1 5.2 4.6 369 0.0 56.9 49
MT2 = 120 GeV 3.0 3.6 3.9 233 0.0 33.8 26
MT2 = 135 GeV 0.8 27 2.6 158 0.0 21.9 21
MT2 = 150 GeV 0.2 22 1.8 10.8 0.0 15.0 19

MET+b

Table 1: Number of data events and corresponding MC predictions for the loose (Hy >
350 GeV, ET™* > 200 GeV) and tight (Ht > 500 GeV, ET"* > 300 GeV) signal selections.
MC results for the CMSSM test point LM9 are also shown. The MC uncertainties are statistical.
The normalization is to 1143 pb~ .

(Hr, EF*=) > (350,200) GeV | (Hy, EX5) > (500,300) GeV

> 1 b-jets > 2b-jets | > 1b-jets > 2 b-jets

Data 155 30 20 5
Total SM 183+ 5 357+13 | 251416 4544037
tt 122+2 289+07 | 147+0.8 3.49+0.24
Single top 4544038 0.77 £ 0.09 | 0.59 +0.15 0.12 +0.04
W+ets 17.0+2.1 1.21 + 045 | 420 +1.28 0.42 +0.28
Z v 225+ 0.5 2.23+0.10 | 4.25+0.20 0.43 +0.04
Z/y* =0~ | 0174017 0.0140.01 0 0
Diboson 0.69 +0.07 0.10+0.02 | 0.104£0.02  0.006 & 0.002
QCD 16.4+3.9 2.5+09 | 1.28 +0.40 0.08 +0.01
SUSY LM9 147 £5 600+25 | 27.7+22 101+1.0
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MET+b analysis

b+MET: Signal efficiency systematics

Table 17: Systematic uncertainties, in percent, on the efficiency of the LM9 signal. The “Other”
category includes the trigger efficiency, the lepton veto, and the anomalous Ef'** terms.

Loose search region Tight search region
Source >1b =>2b =1b >2b
Jet energy scale 7.7 8.6 121 13.7
Jet energy resolution 0.1 0.3 3.0 42
Unclustered energy 2.0 1.6 5.7 7.5
Pileup 34 3.1 4.3 42
b-tagging efficiency 6.5 15.8 7.1 17.2
Parton distribution functions 11.1 11.2 11.8 12.1
Other 3.5 35 35 3.5
Luminosity 45 45 4.5 45
Total uncertainty 16.5 222 207 27.5

—]JES, unclustered energy, b-tag etf, PDF are evaluated point-by-point across
the CMSSM and simplified model planes
—>Other uncertainties are fixed to LM9 values.
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b+MET: Event selection details

« Jets: in both cases, particle flow R=0.5 anti-kT jets
= MT2+b:
* pr>20GeV, |n|<24, passing quality criteria

* Note that HT is calculated with calorimeter-only jets while all other quantities use
particle flow

* prcuts on lead jets
= MET+b:
* pr>50GeV, |n|<24, passing quality criteria
+ HT is calculated using all jets passing the above requirements
* For b jets, use p>30 GeV
« Leptons (particle flow):
= pr>10 GeV
. | n | <24 (plus veto of barrel/endcap transition for electrons)
= Various quality and isolation requirements
« Adpy™n(jet, MET)
s MT2+Db: A¢™i>0.3 for all jets pT>20 GeV, |n|<5
= MET+b: Apy™">4 for lead 3 jets passing criteria given above
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b+MET: Event selection: A¢(jet, MET)

* QCD events can sneak into high MET region when a jet is severely
mismeasured
= Creates fake MET aligned with the jet
* Reject this background with angle A¢(jet, MET)
= In MT2+b, require Ad,,;,(all jets, MET) > 0.3
= In MET+b, use a slightly different variable
(more on the following slides)

) E ' L B B B I
. T 09 CMS Simulation E
Large mismeasurement 2 oer e £ < 50 GV ]
A g 0-75_ - 50 <EP®<100GevV ]
| | g o e comon S
E —¥— E7 > 150 GeV
_ Black: o
Grey: true jet py measured jet py 3te

5 :
A q)min [rad.]
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MET+Db analysis

Motivation for A¢y(jet, MET)

 The standard A¢(jet, MET) variable is great for rejecting QCD at
high MET

= But it is also highly correlated with MET (and MT2)
 For an event with a very badly measured jet, why is the angle
A¢(jet, MET) non-zero?
= The MET direction is smeared by the small mismeasurements of the py
of the other jets in the event

\ * This smearing becomes
less important as the big

mismeasurement (hence

MET) increases

Black: measured | 2>MET and A¢(jet, MET)

jet pr are correlated

* we try to model this and

construct an uncorrelated

variable

YT

Grey: true jet pr




=,

J. Thompson, Cornell 26 Oct 2011

MET+b analysis

Ay construction >

T, is the component of mismeasurement of
other jets that is transverse to the A jet i

2 -
T.°= Z (JpT,n sin an)z PAS JME-10-014

+J5=T TeV, L=35.0 ptt' CMS preliminary 2010

nnnnnnnnnnn ceilmgy I'-_'FJeIs _
— W i (i added) '["!"m'k-r R=|:|.5_I
- D<klsO5

=
X

— NCiuh

» Use 10% for jet pr resolution o7,

o Cross-checks done to show we are not
sensitive to this choice

Ady i = Ad; / tan’i(T; / MET) T —

This new variable is Ap, normalized by its e R
resolution

/etp_r resolution
= =

— (%]

- 1

-

-

| |

[
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MET+Db analysis

A versus Ay

« Plot the ratio of events passing the A¢ cut to the
ratio failing it, as a function oft MET
= This is a good way to judge the correlation
* (flat means uncorrelated)

Agmin, >=1b Apy™m, >=1b Adp™m, =0b
7 N 7 N /
— T — - - T — - - T — -
o g I I I I I I B o g I I I I I I ] o g I I I I I I B
¥ asE . . ¥ o4sF . . ¥ o4sF . .
Z E CMS Simulation E Z Tk CMS $imulation Z Tk CMS Simulation ]
-~ F q -~ F -~ F B
w F E P E P E
7] E ] w E I w C
G 3504 = G 0.35F = G 0.35F
o E ] o E ] o E
prd 3F = Z 03[ = Z 03
250 = 0.25F 0.25F
2k = 0.2F 02F
15F = 0.15F 0.15
= = 0.1E 3 0.1
05F = 0.05F = 0.05
0:|\|\||\|\|III "‘—‘DI—HGH_ﬁ\_‘_&; U_I\I\ll\I\lIII\llll\l\ll\l\llll\lllz U_I\I\ll\I\lIII\llll\l\ll\l\llll\lllz
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350

ET™® [GeV] ET™® [GeV] ET™® [GeV]
—~pass/fail ratio for Agy™" is ~constant for MET>~30GeV and independent of b tagging.
Lends itself to a simple background estimate (discussed later)
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b+MET: QCD method in data

« Pass/fail ratio for Ap™" = e e =T o CMS Profiminary
w— 045 ]
= Data compared to MC z . =QCD r
» Data collected with a P 5
: 0%F —8M E
prescaled HT-only trigger & ¢ E
> 50-100 GeV region used for < £
data-driven estimate ook
D_15§—
D_‘l;—
0.05F
) sl | | | L

11 11 1 11 1 11 1 | I | | 11 1 1 | I_

0 20 40 60 80 100 120 140
Emiss G V
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b+MET: tt/W/t MET+b analysis

L B cRARLAAAN ARAMIRAM AARS MMM AMA Rand
bac kg rOu nd g 10" >=2 b CMS Simulation
. - HT>350 GeV -=-{f, 0 leptons
method details & .ot
I 107
« Method depends on MET <

spectrum being the same in

1 lepton and 0 lepton

samples

= Checked in MC - works well
- Have checked many effects
that could be different in
data and MC and find
method should still work
well in the data

» Violation of this

assumption is quantified
and taken as a systematic =~ [
error 100 150 200 250 300 350 400 450 500 550

?'55 [GeV]

3,

2

o
n

Ratio

21 _
1:—|—|—l—l-l¢+* + + * :
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MET+Db analysis
Cross-check of ttbar+W+t with A6+
« For W=>e,u,t (t2e,1) decays The angle between
= Angular distribution of lepton w.r.t. fr?::’a%'&ghgﬁgn v P

W, A8, depends on W polarization, oT in the W COM. pz

which is well understood

- AB; low = lepton is boosted forward, b

neutrino goes backward—>lower MET Whe Abr

* AB; high->lepton softer and neutrino
boosted forward—>higher MET n

e For W1 (t=had) decays
; Sinliglle muon control sample from
pn+Hy trigger
= Transform muon into a t jet using a
response template taken grom M

« For dileptonic decays

= Dilepton control sample, scaled by an
efficiency ratio taken from MC
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MET+Db analysis
ttbar+W+t cross-check:

Method for decays with e or p

« Start with single lepton control sample
« Rescale the MET distributions of the SL sample in bins of A8, using scale factors from MC
+ Predicts both the shape and normalization of signal sample MET distribution

N MCgen tt/W/t with1lost lepton

SF(AG;) = _
Magenta = gen level N SM M Cwith1reco lepton
< f,=11M7%{5=7TeV CMS Preliminary
=00 1, =11f" {s=7TeV  CMS Simulation
e I —4— data 1.45
<7 S MC (genleptons) | ” —%— Nominal scale factors from MC |
;: 401 [ ttbar, dilepton Lost 1.2F = Lepton efficiency -3% I
- - single top leptons L e W+jets cross-section +50%
30:_ Il W-siv+dets 1—----- Jet energy scale +5%
tth ingle lept -
' I ttbar, single lepton 0.8
200 T -
- 0.6
101 0.4
0:1 PRI RN N 0-2:_
0 0.5 1 1.5 2 2.5 3 - 1=k
AQT [rad.] 0_ I | Ll | II | Ll | 1111 | 1111 | 1111 | 1

0 0.5 1 1.5 2 2.5 3

>=1b, MET>150 GeV A [rad.]
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ttbar+W+t cross-check:

MET spectrum predictions

>=1b, Tight (HT>500 GeV) selection
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MET+Db analysis

0
150 200 250 300 350 400 450 500 5s(

E™ [GeV]
Overall prediction

compared to data
NB: sizable QCD contribution in
lowest bin

Note: cross-check done only for Tight selection because trigger requirements preclude

doing Loose selection
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MET+Db analysis

b+MET: Z=>vv method notes

« Z=1], 1=e,n is simple (efficiency factors mostly
straightforward to extract from data) but statistics-
limited
= In loosest selection (>1b, Loose), can directly apply

signal region cuts to Z-2>11 samples
o In other cases, need to loosen kinematic selections and
then scale final estimate using MC

» This MC scaling has been checked in several ways,
including a data-driven method where the nominal MET,
HT cuts are used but the b-tagging is loosened, and the
(nominal b tagger)/ (loose b tagger) factor is taken from a
data control sample



