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Supersymmetry (SUSY)

Symmetry between bosons and fermions
Supersymmetric particle is assigned to each particle in the SM
Quantum numbers remain unchanged, spin differs by +7/>

Chiral supermultiplet

* |eptons and quarks have spin-0 super partners (sleptons and squarks)

* 2 chiral Higgs doublets are necessary, partners are the higgsinos

Vector supermultiplet

* SM gauge bosons have spin-1/> superpartners, called gauginos

« charged (neutral) higgsinos, winos and binos can mix to charged
(neutral) mass eigenstates, called charginos (neutralinos)

SUSY particle masses = SM particle masses — broken symmetry
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name spin 0 spin 1/2
squarks, quarks  (@r dz)  (ur dr)
(x 3 families) TZ*R u}{

d;, d',
sleptons, leptons (7 €r) (v er)
(x 3 families) €x e}z
Higgs, higgsinos (H, HY)) (H, HY)
(Hy Hy) (Hy Hy)
name spin 1/2  spin 1
gluino, gluon g g
winos, W bosons wEwo w* wo
binos, B bosons BO BO




Compact Muon Solenoid (CMS)

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter : 15.0 m Pixel (100x150 pm) ~16m* ~66M channels
Overall length :28.7m Microstrips (80x180 pm) ~200m?* ~9.6M channels
Magnetic field :3.8T

SUPERCONDUCTING SOLENOID

Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m?* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC

CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels
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Search for SUSY in events with
one electron or muon

CMS 19.3 fb s =8 TeV
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* joint effort of data analysis groups from Athens,
CERN, DESY Hamburg and HEPHY Vienna
» consider simplified models
* separated by the number of bottom quarks
e search focuses on gluino pair production
* First analysis in CMS of §7 — ¢gggWWx"x" model
* CMS results from 8 TeV data exclude gluino masses < 1.26 TeV [1]
« ATLAS performed searches for both models [2] on 8 TeV data
* masses up to 1.2 - 1.31 TeV are excluded
gg production, g— tt(*);zf; m({) >> m(g), including up to five-body decays
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95% CL exp. upper limits on cross section [fb]


http://arxiv.org/abs/1311.4937
http://arxiv.org/abs/1507.05525

Analysis strategy

« Vienna performed the SUSY search in Ob-jet channel
e search focuses on gluino pair production and decay
through chargino
» large number of jets, Njets
» high hadronic activity, Hr = Zp(jets)
» high momentum imbalance, Lt = pt(lepton) + Eymiss

CMS Preliminary
T T T T | T T T T

L=2.1fb" (13 TeV)

2 = T = EVWizZ)
* search variable: azimuthal angle between W and lepton g L - = single oo
» events with a genuine W—Ilv decay have a % 4 ECOHXO' reg'orEl O Wefets
—e— Data
maximum « 10 _BOX = T s
»  SUSY signal has a uniform distribution 10° . | signal region _T5q4"°’°'8’°'7a§
because of two neutralinos - { Ab>X B
10
» expected signal yields after event selection: 1
-1
| T5q%1/0.8/0.7 | T5q*1.2/1.0/0.8 | T5q*1.5/0.8/0.1 | All BKG e 5
AD >z | 18.3 | 9.2 | 2.9 | 44 Q R R A F A ]
g 2 C ]
@ C ]
g 1 ;.‘..‘ ................................................. ............................................................................ _;
° Search performed on 2_1fb-1 dataset recorded in 2015 0 f_ ................................................ ............................................................................ _f
o : - : : 0 0.5 1 1.5 2 2.5 3
data was blinded during the completion of my thesis AD(W, )
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Data-driven background estimation

Dominant backgrounds are tt+jets and W+jets | tt+jets

* estimation is based on the Rcs transfer factor:

Rea — Ngr _ Number of events with A®(W,0)>x
CS — Ncr — Number of events with AD(W,0)<x

high Ad

* determine Rcs in data in a low jet sideband region
* Rcs is almost independent of jet multiplicity
» scale the event yield from low A¢ region to signal region

estimation
high A

is estimated with a different approach QCD
» separately estimated in electron and muon channel high Ad
* subtraction in low jet sidebands

are taken from MC simulations remaining EWK?
high A
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Prediction of the
tft+]ets and W+ |ets background

| RCS in y-channel §

tt+jets
high A¢

tt+jets
low Ao

-channel

l U
[ ]acb 0
[ ] tt+W/zZH

- DY+Jets =5 65 Nets 7 8< q "

B single top ' I ‘

e-channel
Adp<X

I W+Jets ="

B TTJets Di-Leptonic
B TTJets Rest

nb-tag_o
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QCD multijet
background estimation

CMS Preliminary L=2.1fb" (13 TeV) CMS Preliminary L=2.1fb" (13 TeV)
R e o e e e e e e o S Fro T

. . .g F "E RV(W/ZH) g " RV(W/ZH)
* estimated in the electron channel g 00l Worgeor | 2 1°0F — e
. . 5 f mwes |5 0 s
* data-driven method based on Lp variable . 200 Wiis | % 1005 et
. - r i 1200~
* Lp reflects the W boson polarization l: o0 :
s |selectedf = ﬂ }nti—selected
100~ m 600;7 _ i =
* invert the electron identification requirements sof i 400 : E
E 200 . 3
* no impact on Lp distribution o OF o fE== e =
= 2: L = 2: ]
R +. RTINS | - S ST R A — IR
a o% TH a 0; Hﬂ”"" otetells *
-05 0 0.5 1 1.5 2 L2 5 -0.5 0 0.5 1 15 2 L2.5

—— —_—

Fsel—to—anti
= |  ratio of ’selected’ to ’anti-selected’ events in 3-4 jet, Ob-jets

ant-selected QCD | sideband
data high A * Fsel-to-antisel 2lMoOst independent of the jet multiplicity
— —- . e Rcs well below 1%
Rcs

* QCD mulitjet background negligible in signal regions
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Closure test

CMS Simulation

L=2.1fb" (13 TeV)
| | | | | | | | |

T T T 1T T T T T T 1
QCD closure
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combined EWK and QCD MC samples are used as a data template 107

closure test performed in the two sidebands and the high jet
multiplicity search regions

good agreement between prediction and expectation
derived results are reliable

—

data/pred.
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Summary and conclusion

e First analysis in CMS, focussing on gluino pair production and decay through chargino
e data-driven methods to estimate tt+jets, W+jets and multijet backgrounds
* reliable results are obtained
* analysis was still under study
- data in signal regions is concealed
- comparison of the background prediction and data is omitted
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Motivation

particle content of the SM
Standard Model of particle physics (SM)

* matter is made of elementary particles, known as the fermions -~ G- @/ I @ H
. . . Hi
« fermions have spin /2, separated into leptons and quarks up Shem i gluon ) bodon
* three fundamental forces: electro-weak and strong nuclear force il BIsE BisE B ¥
w2 - 12 > n i 1
* interactions are mediated by the exchange of bosons 2 RO bokom photon
* the Higgs mechanism describes how particles acquire mass .l e . u ,.[ o 3
* the discovery of the Higgs boson in 2012 completed the SM electron muon tau Z boson
* theoretical predictions are verified by various experiments 2|, 4 - | R~ |
LD Ly L W
ii | edron ) ety )| necino ) | Woson | S
Open questions?
Gravity Dark matter Grand unification Hierarchy problem
: 4.3‘!/:;Is E;:fgy sob A !

Dark 71.4% 40F P —'::ii:\:‘:;’::\\\ E _I_J __________

Matter o130 SUEL T

24%

20F E ;S
10-8U;) l,’ \‘
{PARTICLEZ 0 TODAY S, H_ '\ .7 I ......
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Hierarchy problem

f S
Hierarchy problem . Q '/’ ) \|
 Particles that couple to the Higgs field induce large Y N AN
guantum corrections to the Higgs boson mass 7 T T
* Quantum corrections are some orders larger than \2
Amfy = —gE Ay + Amfy = =AYy

the mass of the Higgs boson itself

Supersymmetry can solve the hierarchy problem in an elegant way

() |Boson) = |Fermion) Q) |Fermion) = |Boson)

Fermionic operator Q must satisfy anti-commutation relations
SUSY algebra extend usual space-time to super-space
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Cross section of the CMS detector

Silicon
Tracker
Electromagnetic
Calorimeter
FHadromn
Calorimeter Superconducting
Solenoid Iron return yolke interspersecd
with muon chambers
Muon Electron Charged hadron (e.g. pion)
- = = Neutral hadron (e.g. neutron) --=-=-Photon

David Handl | March 14th 2016



Event selection

« exactly one electron or muon, pt > 25 GeV
e veto events with additional soft leptons (pr > 10 GeV)
 at least five jets (pt > 30 GeV)

e two jets should have at least pt > 80 GeV

* NO jet tagged as a bottom quark

L=2.1fb" (13 TeV)

CMS Preliminary
T T T T I T T T T

2 AL AL BN B B B T tV(W/ZH)
C [ DY+jets
() 1 05 - =1 I single top
et | Ly [GeV] | Hy [GeV] | AB(W, £ @ Econtrol region: B et
J HC—) B B tt+jets
250,350] | > 500 1.0 « 10°F AD<X Rt
5 | [350,450] | > 500 1.0 ; ¢ _ — Toq' 100807
>450 | >500 1.0 10 «— ;LSIQHaI region
250, 350] | 12°0; 750) 1.0 107 L Ad>X -
’ > 750 1.0 e E
(500, 750] 1.0 10
6,7 | [350,450] | “J7 0 o 1
[500,1000] |  0.75
>
= 450 > 1000 0.75 10°
500, 750] 1.0 o, eaes L. -
. 250,350 | °J7 o0 o S of RS R e E
=© 350,450] | > 500 0.75 =Y SN T N S T N
> 450 > 500 0.75 = o : ]
0 0I5 1 115 2 2.5 3
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Background composition

3= nb_tag 3= nb-tag '
electron _
channel
nb -tag™ =2 "“b-tag —
r]b -tag™ =1 r]b tag G
L ]acp
e 9006 -
I DY+Jets | |
. Niet= Nigt= Niet= Niet= 6= Ngt= 7 8=n Niet= Niet= Niet= Nt = 6= Nigt= 7 8= Mot
I single top

channel

nb - N 0 ‘ ‘ ‘ G ‘ nb_tag:z ‘ G G

nb . " 0 ‘ e g G ‘ nb v i ‘ ‘ G G

nb_tag:o G ‘ ‘ ‘ G G nb_tag:o ‘ G G G
]et Jet Jet Jet jet ]et ]et ]et

B W-dets | ' ' | | |

H i 3= b-ta
Il T7Jets Di-Leptonic osag ‘ e ‘ muon ‘ G ‘
B TTJets Rest

6<n_<7 8<n

- 6=n_ <7 8<n

jet jet

|

Ad<X L AD>X
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E re d I Ct I O n Of t h e et =3 | Bke. estiTrLr:)z;,j‘Sito: gf Wtjets s =
L . Zj:: = g and QCD multijets Bkg. estimation of ¢ + jets
t+]ets background (contd.)

* Rcs obtained in 1b-jet, 4-5 jet region
« small differences between Ob-jet and 1b-jet regions

and possible contamination from other EWK sources CMS Simula

5 0.2 tion L=2.1fb" (13 TeV)

are corrected by: S tsjets | Ny g =1
MC _ Rgﬁ((}njet € [4, 5], 0b, tt + jets) 0'18; 500< H; — Ny, tag =9

RYE (njet € [4, 5], 1b, EWK) 0.16[ 350< L;< 450 -

0.14; —

* expected number of tt+jets events in the signal region 0.12F E
NE (i, 0b, A® > x) = k!C - REE* (njes € [4,5], 1b) - yi, o (n3F, 0b, A® < x) O_zgf_ E
0.06 .

 the fraction of tt+jets in the low A¢ control region, yfitis 0.042 1 . . —
derived by a data/MC fit 0.02F =

* subtraction of QCD multijet background is considered in ot pEE— ~ | — | — ]

jet jet jet= jet

the fit method
« dependency of Rcs as a function of jet multiplicity is
covered by a systematic uncertainty
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" . Nh-jet = 0 Nb-jet =
Pred ICtIOn Of the Njet = 3 Bkg. estz%ationofWHets 1
Mjer =4 2 C STl Bkg. estimation of tf + jets
] Njet = b}
W+jets background (contd.)
* Rcs obtained in Ob-jet, 3-4 jet region
* Rcsis measured in the g-channel to avoid significant
QQD contribution _ _ . 0 1CMS Simulation L=2.1fb" (13 TeV)
* ratio Res(u)/Res(e+u) is assigned as an uncertainty B T | ' — 250 <L, <350
o 0.09E W+ldets — 350 <L; <450
" F H>500 — 450 <L,
« expected number of W+jets events in the signal region 0.081 E
0.07f -
N‘I,)‘;(_Afjets(njse%, Ob, AD > X) - ((:josrr'(njet € [3,4]30ba/1') ’ Y\ﬁ}$7+jets(njselt?a Oba AP < X) 006;_ _;
0.05- -
« possible contribution from tt+jets is considered in Reorres 0.04F e
« dependency of Rcs as a function of jet multiplicity is 0.03¢ + =
covered by a systematic uncertainty 0.02¢ + =
——————e——1 4 e .
001 g+ o [ § 1L 4 -
oL | | | | ]

N

n. =3 n'et =

et ! n_.=5 6=n_<7 8< Niet

jet jet=
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b-tag multiplicity fit

- nBJetMediumCSV30 = 1.5
* 300:"“““+*'“““‘“E ttJets_yield = 367 = 19
E, 2 i | yield_WJets_PosPdg = 184 = 23
W 250f- {,
200} :
1505— __________________
- .
100(—
determine fractions tt+jets/W+jets in low A® control region sof-
* binned likelihood fit in low A® control region T T N NN
* make W=+jets /tt+jets templates in b-jet multiplicity nBJetlediumCSV30
e create constant QCD template from Lp-method
* set remaining EWK background as constant I — nBJetediumCSV30 = 1.5
_ _ _ E, C : | ttJets_yield = 367 = 19
« fit W=+jets /tt+jets templates to data 5 s00b | yield_Wdets_NegPdg = 223 = 24
w -
250~ 0 i { ----------
200?
150;— __________ * _________
100—
501
c !
oie_ll|||||||||||||||||:||||:||||
0 0.5 1 1.5 2 2.5 3
nBJetMediumCSV30
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# of Events

# of Events

10°

10*

10°
10*
10°
10°

10

1

‘or the QC

CMS Simulation L=2.1

b (13 TeV)

[ ttV(W/Z/H)
I DY+jets
[ single top
[1QCD

B W+ijets
Bl tt+jets

506070809 1

mini-lsolation

CMS Simulation L=2.1

fb' (13 TeV)

[ ttV(W/Z/H)
I DY +jets
[l single top
[1QcD

Bl W+jets
Il tt+jets

0 0.020.040.060.08 0.1 0.120.140.16

H/E
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# of Events

# of Events

CMS Simulation L=2.1 fb" (13 TeV)

ET T T T T T T T E R V(W/Z/H)

F I DY +jets

5 Il single top
107 [ QcD

o B W+ijets
104; Bl tt+jets ]
10°E 3
10°8 3
10 3

1111 \\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\7
0 0.10.20.30405060.70.809 1

10*
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1

mini-lsolation

CMS Simulation L=2.1

fb' (13 TeV)

0

[ ttV(W/Z/H)
I DY +jets
[l single top
[1QcD

Bl W+jets
Il tt+jets

0.020.040.06 0.08 0.1 0.120.140.16

H/E

# of Events

# of Events
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10
10°
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10

1

10°

10*

—lectron identification inversion
D background estimation

CMS Simulation L=2.1

b (13 TeV)

[ ttV(W/Z/H)
I DY +jets
[l single top
[1QcCD

I W+jets
Bl tt+jets

0 0.010.020.03.040.09.060.070.080.09 0.1

CMS Simulation L=2.1

dxy

b (13 TeV)

[ ttV(W/Z/H)
I DY +jets
[l single top
[1Qcb

I W+jets
Bl tt+jets

0 0.10.20.30.405O0.

# of Events

# of Events
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CMS Simulation L=2.1

b (13 TeV)

[ ttV(W/Z/H)
I DY +jets
[l single top
[1Qcb

Bl W+jets
Bl tt+jets

F

|
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CMS Simulation L=2.1

dxy

b (13 TeV)

[ ttV(W/Z/H)
I DY +jets
[ single top
[JQcb

Il W+jets
Il tt+jets
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QCD multijet
background estimation

electron channel

CMS Preliminary L=2.1fb"' (13 TeV)
T T

® T ) V(W/Z/H)
2 oo e
- maijority of electrons are misidentified jets and converted & ™ =
# 250 -ti:j:ttss
photons w0k -+-Deta
« method is based on the Lp variable: 150]- :
! | selected]
g 100; . ?
Lo = 228 cos(aa(w, 1) + 3 -
pPT (W) - 1 c OB?MS S‘lmulatl(‘)n _____ MC(13TeV)
®)] 05 7 Q - —— QCD anti-selected
. s %f | 2 . .f
» reflects the W boson polarization g b le seeeteti ++ | @ 05 — aco st
E i O
* well understood for events with a genuine W decay e e T e s O 04 .
 different Lp distribution for lepton candidates from QCD sample 04l ,
0.2 N
o NS Proimngy Ldbiustey
qc> 1800 ()] D'Y+jets L B
. . e . . u>J [ single top 0.17
- invert electron identification requirements 5 B Wajets i :
H* - Il tt+jets T Lo ]
- dominated by fake electrons 1200 mm— D50 2 25
1000 — p
-~ QCD enriched and EWK suppressed sample aoof- o =
L, s e : s00f- %nn—selected
- 2 orthogonal lepton criteria: ’selected’ — ’anti-selected sooF- : , ]
- no impact on the Lp distribution F - LLL,“_ E
s 2 ;
g ; +++¢¢¢‘.0..0. ooooo .¢¢+++ + R
-0.5 0 0.5 1 1.5 2 L2.5
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QCD multijet
background estimation (contd.)

electron channel

CMS Preliminary L=2.1fb™ (13 TeV)
Tigob T TEWK yidld - 877 -9k
o Lp= 1.0 E
« perform a binned likelihood fit in the Ob-jet, 3-4 njet region ‘\;160 QCD_yield = 420 = 26
- - L 140 -
'selected’-EWK template from simulation S 12
"anti-selected’ data template T

 fit result: expected number of multijet events in the low njet region

80 E
* derive a ratio of 'selected’ to 'anti-selected’ events 60 E
. 40 -

NQtCD selected (LT’ Njet € [37 4]nb-jet = O) 20 -

Fsel-to-a.nti(LTa Njet € [3, 4]nb—jet = 0) =

dat _
NQaC?) anti—selected (LT’ Njet € [37 4]nb-jet - O)

|
(63}
o
o
(6)}
—
—
(63}
N
\o}
(63}

* Fselto-antisel IS @lmost independent of niet multiplicity and Hr 0.5 CMS Simuiation MC (13 TeV)

. 8k ‘ | —— 250< L < 350

i : = o T
expected number of QCD events can be predicted: 5045 500< Hy e 350< L.<450

5 0.4 ——450= L,
d. LL - ]
NECD selected (LT HT, jet) = Frel—to—anti * Nagti setected (LTs HT Njer) 0.35 E
0.3 E
0.25 E
0.2 | * 3
0.15 ¢ | ]
o1 ¢ e l * 3
0.05 -

ot \ \ \ \ \

njet=3 njet=4 njet=5 nje‘=6 njet=7 8=n,
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QCD multijet
background estimation

electron channel -
Fsel—to—anti

perform a data/MC fit in the Ob-jet, 3-4 jet region . QCD

anti-selected
'selected’-EWK template from simulation data high Ad

"anti-selected’ data template

* fit result: expected number of multijet events in the sideband Rcsg in sideband
* derive a ratio of 'selected’ to ’anti-selected’ events in sideband
i Fsel-to-antisel iS a|mOSt independent Of njet mU|t|p||C|ty aﬂd HT

* estimate the number of QCD events by scaling 'anti-selected’ data

0 5CMS Simulation MC (13 TeV)
hE | $F | —— 250= L;< 350
WI sel-to-antisel go_45 500< H; — 350= L,< 450

5 0.4F — 450< L,
" 0.35) -
0.3F 3
0.25F 3
0.2F . + s
0.15F 4 ‘ =
E to *
0.1? . ¢ ¢ ' -
0.05 =
ot | | | | |
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QCD multijet
background estimation

electron channel

CMS Simulation MC (13 TeV)
e g
Q C —— QCD anti-selected
>
« estimation of multijet background over the full A¢ range @ . 00D st
S 101k -
* subtraction of QCD background in ’Rcs-method’ requires ©
separation into low A¢ and high A¢ fractions
102 E
* A¢ distributions of 'selected’ and 'anti-selected’ samples agree N :
» better statistics in the ’anti-selected’ sample 10 Mh’
AD(W,))
_ CMS Simulation MC (13 TeV)
% 005 | —e— 250< L,< 350
58 | 500<H —— 350< L,< 450
o
0.04- ——450=< L,
0.0k E * Rcs transfer factors measured in ’anti-selected’ data
: ] * Rcs transfer factors are stable and always below 1%
0.02}- - * contribution of multijet events in signal regions is negligible
: : « QCD background needs to be subtracted in the control regions
0.01— -
o + |
i $ } ;
oL i \ ; \ ' Y \
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CMS Simulation

‘or the QC

L=2.1fb" (13 TeV)

-.‘B TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTT l:lttv(WmH)
c I DY+jets
g 1 05 [l single top
LLl [J]Qcb
“— I W+jets
o 10* Bl tt+jets
H* 3
10° E
10? E
10 E
1 E
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\:
0 0102030405060.70.809 1
mini-Isolation
CMS Simulation L=2.1fb" (13 TeV)
-.(B FrTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTTT ‘ TTT l:lttv(W/ﬂH)
c 10°F [ DY+jets
q>_) B [ single top
L . - [jQcb
y— - B W+jets
o 10 E Bl tt+jets
** N

2 3 4 5 6 7 8 9 10

sip3d
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CMS Simulation L=2.1 b (13 TeV)
[T T T T T S 1V (W/Z/H)
I DY+jets
[l single top
[QcD

I W+jets

Bl tt+jets

mini-lsolation

CMS Simulation L=2.1fb" (13 TeV)

0.10.2030405060.70.809 1

7”H‘HH‘H‘“HH‘H““”“””l:lttv(w/Z/H)
I DY +jets
[l single top
JQcb

Il W+jets
Bl tt+jets

|

|

sip3d

2 3 4 5 6 7 8 9 10

Muon identification inversion
D background estimation

10°
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# of Events

10°
10?
10

1

10*

# of Events

CMS Simulation L=2.1

fb' (13 TeV)

[ ttV(W/Z/H)
I DY +jets
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I W+jets
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0 0.00.020.03.040.05.060.070.080.09 0.1

CMS Simulation L=2.1
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CMS Simulation L=2.1

fb™ (13 TeV)
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QCD multijet
background estimation

muon channel

e very small contribution of multijet background in the p-channel

* derive an upper limit

* method is similar to the electron channel, but relies more on properties from simulations
« 2 orthogonal lepton criteria are defined to derive Fsel-to-antisel

* very small Rcs transfer factors in 'anti-selected’ sample

* low contamination of QCD background in full Ag range

— contribution of multijet events in control and signal regions is negligible
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CMS Simulation
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Uncertainty on the QCD multijet prediction

jets varied +5%

INty
+10%,
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the multijet background
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Fsel—to—ant
Systematic uncertainties of the background estimation

e b-jet scale factor uncertainty
* Lepton identification and reconstruction efficiency

* Fraction of dilepton events

Systemat

e Jet energy and Et™m
e Pileup

 W+jet cross

* W polarization
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Simulated samples

| Sample name | cross section [pb] |
TTJets LO_25ns 831.76
TTJets_SingleLeptonFromT 269.49
TTJets_SingleLeptonFromTbar 269.49
TTJets_DiLepton 87.315
TTJets HT600to800 2.665
TTJets_ HT800t01200 1.097
TTJets_ HT1200t02500 0.199
TTJets_ HT2500toInf 0.002
TToLeptons_tch 70.314
TToLeptons_sch 3.681
TBar_tWch 35.6
T tWch 35.6
DYJetsToLL-M50-HT100t0200 177.038
DYJetsToLL-M50_-HT200t0400 54.293
DYJetsToLL-M50_-HT400to600 6.981
DYJetsToLL -M50_HT600toInf 2.807 Sample name cross section [pb]
TTZToLLNuNu_25ns 0.2529 T5q41/08/07 0.325
TTZToQQ-25ns 0.5297 T5q41.2/1/0.8 0.086
TTWJetsToLNu-25ns 0.2043 4
TTWJetsToQQ 25ns 0.4062 T5971.5/0.8/0.1 0.014
WlletsToLNu HT100t0200 1656.81
WletsToLNu HT200t0400 442.8 i '
WletsToLNu -HT400to600 60.147 simulated SUSY Slgnal Samples
WletsToLNu HT600toInf 23.087
WletsToLNu _HT600to800 15.744
WletsToLNu HT800t01200 6.47
WletsToLNu _HT1200t02500 1.636
WletsToLNu HT2500tolnf 0.038
QCD_HT100t0200 27540000
QCD_HT200t0300 1735000
QCD_HT300t0500 366800
QCD_HT500t0700 29370
QCD_HT700to1000 6524
QCD_HT1000to1500 1064
QCD_HT1500t02000 121.5
QCD_HT2000toInf 25.42

simulated SM background samples
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