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CMS

e Jets+Missing Transverse Momentum

® A generic search for large missing transverse momentum in
multijet events 1s motivated by R-parity conserving SUSY

it ~F N N N

® strong production of pairs 88, 89,49

SUSY particles eventually decay to Lightest Supersymmetric Particle (stable, neutral,
massive) which results in missing transverse momentum (%’ in this example)

Experimental signature:
Jets + Missing Transverse Momentum

The SM processes which can give

similar signature are
proton T—q Jet -Z(v v) +Jets
Simplost Bample | X1 MET - W/Top+Jets with W(e/u/t v)
- QCD multyjet production (heavy flavor,
mis-measured jets)

Key point 1s to understand the backgrounds.
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CMS

All Hadronic Analysis @ CMS
L' 3 Y

p CMS has four analyses in all hadronic channel looking for
excess of events 1n the tail of distributions of sensitive variables
used. Events with an 1solated electron or muon are vetoed in
these analyses.

pJets + MHT ; 5fb'! @ 7 TeV (SUS-12-011)
P M12 Analysis ; 5 tb-! @ 7 TeV (SUS-12-002)
p ar analysis; 4 fb-! @ 8 TeV (SUS-12-016)

p ar analysis (5 fb-! @ 7 TeV) : SUS-11-022
p SUS-12-005 : RAZOR (Talk [659] by Will Reece @ 12:30 today )

Results can be interpreted in terms of any theory model which results in the
same final state : a number of quarks and gluons and undetected particles.

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
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CMS

Jets + MHT Search
L' 3

Sensitive variables used for this search

HT : Transverse Hadronic Energy = MHT : Missing Transverse Hadronic Energy

(equivalent to MET)
jets . .
H = ,i jets __ .
-3 )
Characterizes visible energy of Characterizes momentum carried
the event by undetected particle in the event
HT using jets with pr>50 GeV, Inl < 2.5 M}lI{TTr 200350 | 350500 | 500600 600
No. of jets = 3 . ; ; ;
500-800 bin 1 _ bin 2 bin 3 | bin 4
MHT using jets with pr>30 GeV, Inl < 5.0 800-1000 | bin5 bin 6 bin 7 bin 8
AD(MHT, Jets{123)) > (0.5,0.5,0.3 ) on P ow’ | wl LBl
1200-1400 |  bin 12 bin 13
Veto events with 1solated electrons/muons >1400 bin 14

“Classical” approach : multiple search bins in HT and MHT
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Jets + MHT : Background Estimation

CMS

Backgrounds are estimated using control samples from data (signal depleted selection)

W/ Top (— lost
lepton + v) + Jets :
rescale event yield in
search region with
lepton inefficiencies
measured from data

Single muon

control sample

< =

W / Top (— hadronic 1
+ v) + Jets : replace
muon with a tau jet and
recalculate kinematic

variables used in the
analysis (HT/MHT/Mr2)

6 Z.(vv)+Jets using y+jets events : exclude y in HT and MHT calculation
e QCD multijet background : using rebalance and smear technique on multijet data events

p Methods are validated
using simulated events.

p Full kinematics of the
events in the signal region
can be predicted using
these methods on data.

Data / Pred.

o

1* 0-‘-0-;

o

l I L 1 I [ I I ! | ] T T T

CMS preliminary 1 eData [l Z—vV+jets
498", Ys=7TeV - | M5 W/ft-—;.rh-q-x

MHT>200 GeV -

ﬂi--H-

B QCD
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Observed events are consistent
with expected standard model
backgrounds in all 14 search

regions in HT & MHT.

p Results are used to :
p constrain CMSSM parameters

p derive cross-section upper limits

e Jets + MHT : Results and Interpretation

~ o~

pp—>gg g- qqi ; m( q)>>m(g)

CMS

(2] =
E 3 CMS Preliminary Dat
@ -1 —@- Data
R L=498fb ', \s=7TeV
«10°EY o
o =S 2 '3 . ' ' Z— vv+dJets
5 NV Y |
L = -y L Q -
-g . y : § L9 WAT(r, , +v)+Jets
510 8 8 'S 8 5 =
z ki “ N '3 i
a - o - -] PV | W/t (e/u+v)+Jets
= E O [ =TT (- '
v v (7<) N V 1 S [ -]
= e : < D P&
102 ) ® = LY '] 8 A .QCD
S gHe=gR 8. =
Te) o | A . & o
Q_ 3 S: i %ﬁ Total uncertainty

o
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10

on measured
background

W, [GeV]

¢H7~<14::)400 H [GeV]

0o
<I~,7'<800

Y ~
pPP—4qq, 4— qr ; m(g)>>m(q)

: b b 1200 | LA LA r’ LN L S S B S S LA R 10 —_
for Simplified topologies (SMS) > CCMS Prellmlnary T o9 /3. NLO-CD g
defined by production mode and £ 000f498 b s=7Tev -] — §P"d=NLO-QCD =
decay channel E [ Jets+iA, o7 = P3N OAP 1
p More details in interpretation talk[661 ] 800 gg - qqx qu qq — qXO q/"f %
by Christopher Rogan @ 14:00 today - 13
600:—_ ’, ,/ 10 O
p Exclusions in parameter ook il R O
. . . ._ , ’ g , ’ - . - O
space 1s derived using M _x y 0%
production cross-sections 2OOEEI' \ 0y
. N PP L e oy N :
(NLO+NLL calculations). 400 600 800 1000 200 600 800 1000 1200 10
m; [GeV] m; [GeV]
6
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CMS

M2 (STransverse Mass)

Sensitive variables used in this analysis : STransverse Mass or M2

Extension of transverse mass in presence of two decay chains with

missing particles. (1) .(2)
M7o = min [max (mT , My )]
pS! +p5e=p

Multijet events are divided into two pseudojets using hemisphere algorithm.

P M1~ MET for symmetric topologies : SUSY >
P M2 1s a QCD kaller :

P M2~ 0 for nearly balanced systems

P M1 < MET for imbalanced and asymmetric
systems : still highly suppressed for nearly
back-to-back QCD mismeasurements

=

No. of jets = 3 (= 4 for Mt2b)
2 HT bins : (750-9350), (>950) GeV

Multibinned analysis :
- excess 1n tails on M in inclusive search

- and search requiring a b-jet in the event | 5 M, bins (1 50-200-275-375-500-) GeV)

ADPmMin(MET, Jets) > 0.3
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S CMS
Mr2 : Background Estimation

.3

p Electroweak backgrounds are estimated using similar methods discussed in
previous search :

- Z(vv)+Jets : using y+jets event and utjets events
- W/ Top (— lost lepton + v) + Jets : using p(e)+jets events

- W/ Top (— hadronic t + V) + Jets : based on simulation, validated for tau jet reconstruction using data events

p QCD multijet background : factorization method based on functional form, fitted in
QCD dominated region (negligible QCD background in signal region)

M,, - High HT CMS Preliminary,\s =7 TeV, L = 4.73 fb’ M,,b - High HT CMS Preliminary, ys =7 TeV,L=4.73 fb"

» 90

B z invisible c I B z invisible

[ Lost Lepton q>-) S . Lost Lepton

[ Hadronic w 40+ [ Hadronic <
[Jacp [ _ [Jaco

+ " : ~$- Data

et LMG SO " Lme

Mr e
HT>950 GeV 20y Mr2b
....................... " T>950 GeV

600
M;, [GeV]

200 400

200

300

400

M;, [GeV]
No excess 1n observed data over expected backgrounds
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Mr32 : Cross-section limits in Simple Topologies

L.

CMS Preliminary, /s =7 TeV, L = 4.73 fb CMS Preliminary, {s =7 TeV, L = 4.73 fb™

1200F - ~ — o~
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e Search using ar Variable

Key feature : Strong suppression of QCD multijet events

Ev2  For well balanced dijet systems,
M ot =0.5
For an multi-jet system, jets are

Xt =

merged to make an equivalent ar — 1 Hr —AHg
dijet system such that difference 2 \/ H1? — P’
in Et of two systems (AHr) 1s
minimum.
Jets with pr>50 GeV, Inl < 3 .
. HT bins (GeV)
No. of jets > 2 275-325 | 275-375
ar > 0.5 375-475 | 475-575 23
lepton/photon veto 575-675 | 675-775 i | ‘ =1 -
Protection against mis- 775-875 | > 875 L1 =0 Fi‘r’]“g_f;gs
measurement of jets due to " Eightbinsin dimension
insensitive detector component il dimension 0
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L.

p Backgrounds are estimated using single muon, dimuon and photon + jets
control samples from data.

ot : Background Estimation

CMS

Nsignal |
1 MC
(HT/ nb) — Ngggtro (HTI ’"zb) N4 Nﬁlc’ltml (HT, ;--Zb)

signal
Npred
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CMS Preliminary, 4.98 fb",\'s =7 TeV

[ ] Systematic uncertainty

O 0;<0.55 — 0. >0.55 (u + jets)
[] 0 b-tags — 1 b-tag (u + jets)
/\ 1b-tag — 2 b-tags (u + jets)
oh u+ jets — uu + jets

Y uu +jets — vy + jets

Q)_|||||||

00 400 500 600 700 800 900
H; (GeV)

p Systematic uncertainties on MC ratios are determined from detailed closure
tests using various control samples from data to validate relative contribution

of various backgrounds, kinematic properties & b-jet reconstruction.
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L.

p To predict SM backgrounds in
each search bin, a binned
likelihood fit using all control
samples 1s carried out to
maximize the total likelihood :

ot : Shape Analysis

MC tt, W had

Muon control
sample

(Nb-tag = 0,1,2,23)

MC muon

Ltotal —

Ltotal Lhadronic X L}H—jets

Ladronic X L;4+jets X L;4;4+jets X Lfy+jets np < 3

ny > 3

——

—_—
o
w

Events / bin

=:

—
o
N

_—

0 b-jets

|

¢ Data
Predicted background

T | T T T T | T T T T | T T T T
CMS Preliminary, 4.98 fb',\/s = 7 TeV

—«¢— Data (hadronic sample, n,=0)
——— e Standard Model + Expected Unc.

SM + SUSY Model A
(mgluino =800 GeV, m,= 200 GeV)

I

1

5

Events / bin

WFT IIIII|
o_

co b b e b L
0O 400 500 600 700 800 900

H. (GeV)

10°

10

MC Z->vv had

MC Z->vv had

MC di-muon

MC photon

Photon control
sample
(Nb-tag = 0,1,2,23)

CMS Preliminary, 4.98 fb',\s = 7 TeV

©,

—¢— Data (hadronic sample, n=2)
= e Standard Model + Expected Unc.
- f% SM + SUSY Model D :
B 1 (M om=200GeV,m =150 GeV) |
o + |
_ 2 b-jets i
- I -
- I ]
| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |

300 400 500 600 700 800 900

H. (GeV)

Data 1s consistent with predicted standard model backgrounds.
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ot : Cross-section limits in Simple Topologies
CMS Prellmlnary CMS Prellmlnary

—
(@)
N
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g P 88,8 2t + LSP; m(i)>>m(@) € 3"l pp>88,8— 2+ LSP; m(B)>am(@) =
~ 200" Expected Limit £1c exp. © S 900f----- Expected Limit +1c exp. ©
I oNLO+NLL +1 5 theory 10 5 4 800 oNLO+NLL +1 6 theory 10 S
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& - GNLO+NLL 11 5 theory 10 5 Eﬂ’ 800 B oNLO+NLL +1 5 theory 10 S
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500 o 500~ 2
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Also see talk[620] on 3rd generation searches by Altan Cakir @ 11:30 today |5

(GeV)

sbottom (
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Summary -

Cll\IIS |Prlellirrliinlalry|

. : 10?2 —~ _
Expected Limit +1c exp. i 2 > 800 s | ! B e
oNLO+NLL +1 5 theory J © s e = |a,z0Gev |
G 11,5 £ 700 7 TeV . % [0 -
a 600_— CL,, 3.9fb", (s=8 TeV 3 € = ” ~|m=173.2GeV |
i 1 7 5 —7 -
B Jg—— - ~0 — ,\O N N % |:|LEP2 [ .
500 i aT gg _> ttX ttX = 1 j .LEP2 521* ]
400 1 o i -
L 8 TeV 110" & e
300~ ’ R 1
200 5 102
B i
100 ,
L s A 10° 100 500 1000 1500 2000 2500 3000
400 500 600 700 800 900 1000 1100 )
M ine (GEV) m, [GeV]

p CMS has performed SUSY searches 1n all hadronic channel with different
kinematic variables using 5 fb-! pp collision data collected @ 7 TeV.

p Results from first search (ar variable), using 4 fb-1 data collected @ 8 TeV.

p In the context of simplified models, gluino masses are excluded in the range
0.8-1 TeV depending on details of decay modes for low LSP masses.

More results using 8 TeV data are expected soon !!
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Backup
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Large Hadron Collider

The LHC has already delivered
more than 6 tb-! of proton-
proton collision data at centre
of mass energy of 8 TeV.

Total Integrated Luminosity (fb )

CMS Total Integrated Luminosity, 2012, p-p, 's =8 TeV
Data Included from 2012-04-04 23:57:30 to 2012-06-18 11:01:36 UTC

LHC Delivered: 6.65 fb™
CMS Recorded: 6.15 fb™

20/05

Date

CMS
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L. 2

CMS Detector & Event Reconstruction

o ™ —~ am am sm .
EIP%%ZT; Hadron (e.g. Pion)
:.—.t .- :;J:::tt;nnl Hadron (e.g. Neutron)
@ &G\ URURARRARRN N (i1 AT 1 i
I 11 W“}‘
@k 1| i
}x‘l' alglimeter
R e
adron | / -
4 é/A hadron {
Events are reconstructed using Particle Flow » Erec(ECAL, HCAL) > Eiracks + 30§
algorithm which combines information from | HeaL
the tracker, EM calorimeter, Hadron ; Clusters
Calorimeter and Muon detectors in an |
optimized way to get the best estimate of LL ECAL
. . . . : w — | Clusters
energy, direction and identity of particles. i
'i Electron

The various physics objects used in this
analysis are jets (antiKT 0.5), photons,
electrons & muons.

17

Charged

Tracks |

l;

c
D Bowmey. CERN, Fobwnary 2004

\“
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CMS
e Background Prediction using Data Events >

® Data driven methods are used for the background prediction from the
collision data for this analysis

® A control data sample 1s a set of events which 1s signal depleted

® This sample can be used to infer the backgrounds in the signal
enriched phase space using event properties, physics laws, our
theoretical knowledge of various physics processes ...

® A search region 1s the area of phase space where the signal 1s
enhanced ( good signal to background distinction)

® A signal depleted data sample which can be used to infer the
backgrounds 1n the signal enriched phase space using event
properties, physics laws, our theoretical knowledge of various
physics processes ...
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Z. (v V) + Jets usin + Jets
# (VV) g Y

® A straightforward method is to use Z (— e*e- or ur) +Jets events as the
topology of events is 1dentical if one i1gnores leptons in the event

- suffers from lack of statistics in tighter search regions and is used only to
cross-check the background prediction using v + Jets

e/ W
.
L Y Z et/ M+
® At sufficiently high pT, the ratio of Z+jets to vy hep/ph 1106.1423
+jets production cross-section depends mainly il HT>ISOO I‘I’IET>II 50 LN B
on the electroweak characteristics of the event. - ,,[ ’ - LO E
3 F (Z+2jets+X)/(y+2jets+X) ﬁléeps m, -
® Hadronic part of the event is independent of P 1
. . w 03
whether boson is Z or vy (figure on right) 3 |
® Theoretical uncertainty (provided by BlackHat ;;’,*03 - ] | E
collaboration) : S [ ossse | ]
'00-1__ = ot "luz"r:ﬁr""? ]
- EWK corrections at higher orders of production SR BlackHat+Sherpa ]
AT W NN I A A A AN S A AT A A A A
- large QCD logarithm terms 300" 40 50 &0 700 80 500 1000
Hy [GeV] 19
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L. 2

Start with a y+jets control sample : pT(y)>100 GeV

Z. (v V) + Jets using vy + Jets

Nzw+lets (data) = (Z(vv)+Jets/y+lets) * Purity * NY +ets (data)

® Subtract the contribution from secondary photons

— Purity 1s 98-99% as measured from data using
isolation template technique

® Subtract photons radiated from final state partons.
- JETPHOX : (5+5)% contribution

® Correct for photon reconstruction & isolation
efficiencies measured from data.

® Scale with Z(v v)+Jets/y + Jets production ratio
taken from theory.

Events / 100 GeV
2

-h
U
TT T

Events / 50 GeV
=)
11}

—
‘?4
TTTT T T 171

10,

-

-
500

CMS Preliminary, L =4.98 fb", \'s =7 TeV

-

—+—Data
B MC:y+Jets
MC:QCD

PR S S 1
1000 2000

1500

2500

H, [GeV]

CMS Preliminary, L = 4.98 fb”, \'s =7 TeV

—o— Data
B MC:y+Jets
MC:QCD

I | SN | L1 L1
300 400 500

900 1000
W, [GeV] 20

600

700 800
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CMS

# Z Invisible : (Z - vyv) + Jets

Using Z = wut Events from Data

Z DL + Jets (limited by statistics but straightforward prediction)

.!:L'
Z " Z Y
é V
lgnore the momenta of
electron or muon pair

and recalculate MET
(or MHT)

obs bkg : '
— Z VvV
N(Z —vv)= Ny —N; -R[ ZZ——ZI;;/] R( Z:‘”‘ J: 5.95+0.02

A,-g,-L

®Need to subtract background contamination from QCD, ttbar & dibosons

® small contribution, derived from simulation except QCD
® Correct for detector acceptance (due to kinematical cuts in PT and Eta of leptons)
® Correct for inefficiency of lepton identification (measured from data using Tag & Probe)
® depends on Njets, separation of leptons from jets, lepton pT etc ...

® Theoretical correspondence
Lack of statistics for events in high HT or high MHT regions X
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W/top ( lost lepton + v ) + Jets
ne p ( p )

® [ epton (e/p) failing veto criteria contribute
to background w

<

® There can be three reasons a lepton is lost
— 1f 1t 1S not reconstructed
— not 1solated

- out of detector acceptance
Lepton isolation

: . Control-sample tt, W
® Start with a control sample of p+jets with well identified, Signal-region:

] well isolated leptons. Non-isolated
events (invert the lepton veto) IS
. § Scale by
® Measure the muon reconstruction and = 1 ¢,
. . . . . 8 Ei.:o
isolation (in)etficiencies from data s Scale by
Q 1 —&
. (> —
® scale the control sample with - e e —

measured (in)efficiencies from data Signal region:
Non-identified

® Correct for detector acceptance
22
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e Top / W — hadronic Tt + Vv + Jets
® Use a control sample of events with :

- exactly one identified & isolated muon in the event with pT>20 GeV & letal<2.1
- > 2 jets with pT>50 GeV & letal<2.5

CMS Simulation, L=4.98 fb", \'s =7 TeV CMS Simulation, L=4.98 fb", \'s = 7 TeV
> 102‘ """""""""""" > LEA BLELELELE BLELELELE BLELELELE BLALELELE BLALELELE BLELEL ]
Test meth()d in 8 —— Data-driven Prediction from MC 8 10% : —— Data-driven Prediction from MC §
E f Hadronic Tau MC Expectation ZJ Hadronic Tau MC Expectation
MC : compare & 10 & ..
. T : & 10:
data driven , :
method applied to : ; 1L
MC with the I ] |
expectation from 7 7 107 .
MC. : : : .
10.2 B, | 10'2 kL NP | L1y 1
u% z% | LR B R S I . 0‘ u% ig ; o« o 4 * | e _¢ | + *
o 88L. . . ee8L.. . ]
g 400 600 800 1000 1200 1400 "9:’ 200 300 400 500 600 700 800
& H, [GeV] & i [GeV]
® Smear the muon Pt using a tau .
S O ng ® To get the background prediction, correct for :
response template derived from MC
sample - detector acceptance from muons

_ recalculate search variables HT and - Muon reconstruction efficiencies

MHT including the energy of tau jet - BR(W—1)/BR(W —u) * BR(t->Hadrons)
23
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Hadronic Taus - Results CMS
# (Top /W — hadronic T + Vv + Jets )

Data driven estimation is compared with prediction from MC.

o — P _ A1 J= -

CMS Preliminary, L =4.98 fo! \Ns=7TeV CMS Preliminary, L=498fb", \s=7 TeV
> :'l""[""]""l"llI"l']"'l- % """'l'."l""l""l""l""
8 100 mmmm— Data Prediction — Q) 10'-’ s Data Prediction
12 - Hadronic Tau MC Expectation = ..g Hadronic Tau MC Expectation
c ™~ o

o)
g 10 > 10
w - w
15 1
- I
10 1:r + 101
2 l 4 1 2
‘: 1]0;; E_‘_ Ll ! llllllll = % 104
g 15 E l . w1z
Q (08 « TTT Y - O 8§
Z J'jl - 1 1 1 1 1 — g
b 200 300 400 500 600 700 800 S
. iA; [GeV] .

' Mt tematic uncertainties :
Systematic uncertainties : Syste C unce es

: "0
_tau energy scale (2-20%), -background subtraction (1-2%)),

170 -muon 1dentification and i1solation
-acceptance (5-12%), efficiencies (1-2%),

-closure of the method in MC sample (6-12%),

-trigger efficiency (~1%). 24
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¥ Introduction : Jets+Missing Transverse Momentum

® (QCD multijet events are balanced at the parton level

® An imbalance 1s introduced by the mis-measurement of jets due to fluctuations
in response of detector, non-functional detector channels or a small fraction of
events with b or ¢ quarks decaying semileptonically

Jet 2

" Jet 1

® Rebalance : Particle level jet pT 1s restored from detector level inclusive multijet
data using a kinematic fit subject to constraint MHT=0 (using jet resolution
functions derived from MC but corrected to match data)

® Smear : “Rebalanced” events are smeared using the measured jet resolution
functions including the tails

® Obtain a data driven estimation of full kinematics of QCD multijet events

® predict HT, MHT, angles between jets and MHT and apply kinematic selection

of the analysis to predict the background from QCD multijet events from data
25
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= Jet pT Response Function - Gaussian Core

e Measurement using maximum likelihood fit of measured pt imbalance in dijet events
e Strategy :

- Extrapolate the measured resolution to zero 3rd jet pT

- Measure the ratio o(Data)/o(MC) (common biases cancel)

- Correct MC truth response functions with the measured ratio

CMS preliminary, L=084fb " \s=7 TeV CMS preliminary, L=0.84fb " \s =7 TeV
— LI T L l L I LA ] LI LI T I LI —_— : T 1 T | | ] I T T | ]
D og[ Antik; (R=0.5) PF Jets, 0<Ini<0.5 : S 2.0 Antik, (R=0.5) PF Jets, 0< I <0.5 3
S - 135<p " <175GeV ] ‘—g I e Measurement ]
©  24F —e— paa E E 18f F" ]
£ CMS Simulation ' ) i Statistical Uncertainty ]
22 o e (f) L . . ]
C - = 16! Systematic Uncertainty ‘
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® Correction is ~5% in central regions and 25% in very forward region

e Dominant uncertainties : jet energy scale, extrapolation procedure (5-25%)
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CMS

e Jet pT Response Function : Non-Gaussian Tail

e Strategy : compare dijet asymmetry distributions in Data and MC

- MC dijet asymmetry is corrected for larger core resolution in Data
- Extrapolate the number of events in tail region to zero 3rd Jet pT
- Scale the tails in MC truth response functions with Data/MC ratio

] CMS preliminary, L= 0.84fb ", \s =7 TeV CMS preliminary, L=0.84fb ", \s =7 TeV
o 10 E T T | ] T Tr1 N B B 3 — r T ™ T T 1 T — 1 3
g 0° £ Anti-k (R=0.5)PFJets ¢ Dpata = % Anti-k (R=0.5) PF Jets ¢ Scale Factor .
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£  10%F S12<p< 3670 GeV o mai:>250 4 o 25 mis250 ]
g 1035 Prs/ Py < 0.075 [ ] Asymmetry Gauss - S '
- 2 TP 20f :
< 10%E = I 1
=~ E 3 |
| 1.5¢ 1
E ¢ .
5 L ] -+
mE .......................... RATIRE I E
?—; r -
';’ 0.5} ]
E |
TR R T Lo o 1 3| 1 1 1 T |
0.8 1.0 50 100 200 300 1000
Asymmetry pi"e (GeV)

e Data/MC ratio of number of events in non-Gaussian component of response
function is ~1 - simulation describes the data reasonably well.

® Dominant uncertainties : Core resolutions (others : pile-up, non-closure)
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L. 2

[

Predict Z(vv)+jets from photon+jets and
W(lv)+jets events

Z(vv)+ijets from W(lv)+jets

L]

W(—lv)+jets enriched sample obtained by
using all selection cuts and:

B One p with p;>10 GeV

B B-tag veto to suppress ttbar

B m(W)<100 GeV to reduce signal contamination

Z(—vv)+jets estimated as

NZ(—>vv) = NW(—>lv) 1/(‘c;acc‘greco/iso) RMC
B Muon acceptance from MC

B Muon reco/iso efficiencies obtained from
Tag&Probe in data

B R, corrects for: kinematic differences,
cross-sections, M &b-tag veto efficiencies

B Backgrounds subtraction by MC, except
ttbar, which is estimated using ttbhar
enriched data by requesting 1 b-tag

28

MT2 :Z vv) + Jets using W/top-> Mu+Jets

CMS

M,, Analysis CMS Preliminary,ys = 7 TeV, L = 4.73 fb"

£ ® data CJaco
o = other B W(tv)+jets
® B Top B W(v)+jets
10°
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1 I
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Consistent with the

estimation from photon+jets
Weighted average to give the
final Z—vv estimation
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