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tt measurement at CMS

b The tt pair production decays in 2 W bosons and 2 b quarks
_ The decays of the W bosons determine the final state:

woo" dileptonic, where the ee (1.9%), eu (2.7%) and pu (1.9%) final states are studied
. = semi-leptonic, where the etjets (17%) and ptjets (17%) final states are studied

In 2010, CMS has collected an integrated luminosity of 35.9 pb™
b of data at Vs = 7 TeV

First publication: A first measurement at 3.1 pb* in the dileptonic channel:
TOP-10-001: «First Measurement of the Cross Section for Top-Quark Pair Production in

Proton-Proton Collisions at Vs = 7 TeV», Phys. Lett. B695 (2011) 424
Recent results, for 35.9 pb™:

» TOP-10-002: «Measurement of the tt Pair production Cross Section at Vs = 7 TeV using the Kinematic
Properties of Lepton + Jets Events»

= TOP-10-003: «Measurement of the tt Pair Production Cross Section at Vs = 7 TeV using b-quark Jet
Identification Techniques in Lepton + Jets Events»

= TOP-10-005: «Measurement of the top-quark pair-production cross section in the dilepton channel
atVvs =7 TeV»

= TOP-11-001: «Combination of top pair production cross sections in pp collisions at Vs = 7 TeV and
comparisons with theory» (= TOP-10-003 and TOP-10-005 combined results)
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Semi-leptonic: strategy

Selection:

one lepton (with second lepton veto):

p, > 30 (20) GeV/c, |n| < 2.5 (2.1) for e (W),
Isolated in tracker and calorimeter

!

jets selection:
corrected Jet, |n|<2.4

p, > 30

p,>25
no b-tags analysis

E. and b-tag selection:
E. > 20, Secondary Vertex
b-tag analysis
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Main backgrounds :

= W-/v+Jets, divided in b-jets, c-jets and
light-jets in b-tag analysis

= Z-{[+Jets, y+Jets, Single top
= QCD (estimated from data)

Cross section measurement :
Obtained from fit of distributions:

for b-tag analysis:

Simultaneous fit of

» Secondary Vertex Mass (from tracks associated with the
vertex with a pion mass assumption)

= Number of jets and b-tagged jets

for no b-tags analysis:
= £_for = 3 jets
= M3 for >= 4 jets (inv. mass of the 3 jets of highest |3 p.|)
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Semi-leptonic: b-tag analysis 1/2

Fit procedure :
For each process i, for each channel (lept) and jets / b-tagged jets bin (jets, tag) :

Scale factor for the Nuisance parameter, where X can be:
simulated cross section b-tag efficiency, mistag, JES, Q2 scale
pred : . Y arMC - X -
N (lept, jets, tag) = k; - N,"~(lept, jets, tag) - H P> (lept, jets, tag| Rx)
Number of predicted Number of events predicted by MC  polynomial functions describing the effect of
events corrected for Data/MC discrepancies the nuisance parameter, obtained from MC

Systematics for e+jets and p+jets analysis :
(sources correlated)

The fit is done simultaneously on i, lept, jets and tag,

its parameters are k and R.. Fg’“m : | Uncertainty (%)
ystematic uncertainties
. Lepton ID/reco/trigger 3
Constraints: Unclustered EFS resolution <1
. . . . n 2
k is constrained around a normalization factor dal {‘;"RE I%SE‘EEJE ;
from simulation or from data driven estimate ME to PS matching 5
: L PDF 3.4
Systematic uncertainties: Profile likelihood parameters
incorporated in the profile likelihood Jet energy scale and resolution 7.0
7T b tag efficiency 7.5
or treated additionally W Jets OP-scale o1
Combined 116
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Semi-leptonic: b-tag analysis 2/2

Fitted secondary »50 CMS Preliminary [ L=36 pb”, \s=7 TeV
vertex mass in N T _
_ e+jets channel : —=ljet |=2jets |=3jets | =4jets
Results a0l = 1 bjet | =1bjet |=1bjet | =1 bjet Il vox
The fit returns values for: - | Wwex
_—| |:|W+LF Jets
= b-tag scale factor: 97.5 %% 150 B
(consistent with other b-tag studies) 1.;.0: [ Joco
= Jet Energy Scale: slightly harder iijt‘:'jft
than predicted 50
= scale factors w.r.t. the NLO prediction: oF £ £ MM
fOr Wb 19 igg ] _, o Secondary vertex mass (GeV)
forwe:1.4£0.2 162_ i gjbezrsts i gjbe';[asts i gjk)eéis i gjbe'tests
(which are similar to recent observations g =<0l =< =<0 =<0
at Tevatron) 12—
. - . 10 J <
= k., leading to the tt cross-section: n J J
81—
i : _ e '
o (semi-lept with b-tag) = i
150 £ 9 (stat) = 17 (syst) £ 6 (lumi) pb ar
2F

n 0 50 50 50 5
April 14" 2011 - DIS 2011 Secondary vertex mass (GeV)



templates in e+jets :

Fit procedure on E_or M3 :

[ CMS Simulation at\s = 7 TeV ' [ 'CMS Simulation at\s = 7 TeV |

. . . % 0.3 - e+jets, N,Etr:B - _i 0.25[e+jets, N,Etr24 - - _f
simultaneous fit of signal and I EgeTor 1 F e §gioTor |
background contamination GO Wl 100 — Wl ]

0.2 —ZI*— M — i —ZIy*IT ]
for both channels, : — QCD/y+jets 7 *'5F — QCD/y+jets
based on templates (from sim. and data) _ | 4 oif .

) c.osf— —% 0.05[~ _E

Syst. uncert. : Effect on simulated R e 0 B
+ I I 00 I |20| I |40 60 8I0 10(5 120 140 160 OOI I 160 - 260 - 3('|)0 - 4(IJO - I500 600 700

templates when 10 variation . looy, S Gev,

Dominant effect: JES
(followed by W+jets Q? scale)

Trlapslvlerse Ma.ss.' Isilmullalticl)nlslqulgq tp |thlelfilt :

100

> C T -

m | . . —

Constraints: 2 350;—%4 ;S?'bﬁ ;ethgnﬁl T Tev ; t[f)ata E
= QCD normalization depending on the = ggop MYt N2 ] Single-Top
channel 4"5’ - B W—lv =

i - 2501 Zp T =

= N(W+jets) / N(Z+jets) = theory £ 30%, g - E QED .
L W 200F =

= Normalization factor w.r.t. theory are =0, - -
: L 150 F =

= Single Top normalization factor = 1.0 £ 0.3 - .

-~ 0 (semi-lept without b-tag) = 50

173+39 (stat+syst) = 7 (lumi) pb
-32 ( y ) ( )p 00 20 40 60 80 100 120 140

My (W) [GeV]
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Dileptonic: strategy

Selection:

Main backgrounds after leptonic selection :
two opposite charge leptons:

p, > 20 GeV/c, [n| < 2.5 (2.4) for e (),
Isolated in tracker and calorimeter

= Drell-Yan = ££: main background,
rejected by Z veto, jets and £,

estimated from data

* = W+Jets, semi-lept. tt, QCD: from non-W/Z decays,

invariant mass selection: estimated from data

M, > 12 GeV/c3, M,, & [91 = 15] = Single top tW, diboson, Z—TT: small cross-sections,
* estimated from MC

Jets selection: Cross section measurement :
corrected Jet, p. > 30 GeVlc, |[n|<2.5 : : : _
using a simple counting method:

=1 jet >2 jets - S N-B _ Sobs
Tdata = U-theury o, Sexp o SF- L. A

E. selection: E. selection: SF: Data/MC scale factor,
ET > 50 GeV for ee/uyl ET > 30 GeV for ee/uy S EXpected signal evts from simulation
Me_+M+_> 130 GeV for e . :

T H 2 jets no b-tags For each channel, for 2 jets no b-tags,
1 jet no b-tags * 2 jets 1 b-tag and 1 jet no b-tags
: _ — 9 cross sections measurements,
b-tag selection: Track Counting combined to obtain 1 dilepton
at least 1 b-tagged jet 2 jets 1 b-tag Cross section.
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Dileptonic: results 1/2

Nigt =1 Nt = 2
] o Source ete”+utpu~ e*pT ete +ptum eFut
Systematic uncertainties : Lepton selection 191/130 111 191/130  1.11
] o Energy scale —3.0 —5.5 3.8 2.8
"ot Slgn?gi\/se?llﬁi)tégzgﬁtcfﬁg ?(?L}reces are uncorrelated Lepton selection model 20 %0 20 L0
the channels are 100% (anti)correlated) ' Branching ratio 17 L7 L7 L7
Decay model 2.0 2.0 2.0 2.0
= For backgrounds: Event Q?' scale | 82 10 | —2.3 -1.7
- extracted from the data-driven methods Top-quark mass —29 -10 26 1.5
- assigned conservatively from the MC simulation ~ Jetand Er model —3.0 —10 3.2 0.4
Shower model 1.0 3.3 —0.7 —0.7
= For luminosity uncertainty: 4% Pileup —2.0 —-2.0 0.8 0.8
Subtotal (before tags) 11.2/11.1 13.1 8.0/7.9 6.2
b tagging (> 1b tag) 5.0 5.0 |
Subtotal with tags 9.5/9.4 8.0
Luminosity 4 4 4 4
Final state ete” utu— etu+
At least two jets, no b-tagging requirement ]
Events in data 23 28 60 Results:
All backgrounds 55+ 23 9.5 =43 6.7+ 2.0 - -
Crosssection, pb [0 £ 5012018 15914513916 160L23i12L6] ° C'OSSsections are obtained
At least two jets, at least one b-jet 2 jets 1 b-tag: more precise than
i"lfgtﬁl’:‘ d“md ) Sfl ) . Bzi‘lz . X DEE s without b-tag for the ee and pp
ackgrounds : . ] . : -
Cross section, pb [0 L 4612016 186+d5125417 Tseezmii3ze] cnannels (butnotforthe ey
O : : channel)
e jet, no b-tagging requirement
Events in data 8 10 18 1i . '
et no b-tags: less precise but
All backgrounds 21+0.7 71+43 49+1.5 J J P

Cross section, pb [282 + 135 +45+ 11

107 +119+163+4 200+65+35+8 |
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improves the combined result
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Dileptonic: results 2/2

Combination method:

The 9 cross sections are combined using the BLUE technique (Best Linear Unbiased Estimator)
It takes into account the correlations between different contributions to the measurements

Results after combination:
o (dilepton) = 168 * 18 (stat) + 14 (syst) £ 7 (lumi) pb

The luminosity uncertainty can be reduced using the normalisation w.r.t. to Z/y* evts in the [76, 106] M,, window

% I CMS'Preliminary | _._l Data | 2 . CMS I!’reliminar\H l ! -
S 100 359pp7at\s=7Tev I Tsignal E 200 b at \ory Tev oo E
L Ziv* =l (1=e, = o - tt signal B
L [ Events with ee/up/ep 5 ~ J,T.: o i #) ] w 1801~ Eventswithee/up/en  mompy Drediction
80 B T —] 1 ;Z// /// /// // I:l ZIT*—)T+T- =
I Single top 60 7// 7//// @ Single top .
I v ] v i
] 140 [ Jwv —
- at least 0 W—lv B [ Non-W/Z prediction ]
60 B 2 jets b-taguncertamty N 120 Bckg. uncertainty —]
i 100 without b-tag requirement =
- s /? I .
40 80 . ]
I 60 -
20 40 3
20 e
0 0
0 2 >3 0 1 2 3 >4

;
Number of b-tagged jets Number of jets 011



Combination

Combining the results, using the BLUE technique:
CMS Preliminary \'s=7 TeV

= dileptonic : 168 + 18 (stat) £ 14 (syst) £ 7 (lumi) pb

value * stat. £ syst. = lum. error
(luminosity)

= semi-leptonic : 150 + 9 (stat) £ 17 (syst) £ 6 (lumi) pb

CMS combined (prel.) 158+ 10+ > + 6

TOP-11-001 (uncz cor. + lum.) (36 pb”)
158 * 10 (unc.) = 15 (cor.) * 6 (lumi) pb CMS I+jets+btag (prel.) 150+ 9+ 17 + 6
TOP-10-003 (36 pb™)
where unc. : statistical uncertainties + background modelling in
the dileptonic analysis =
_ . CMS dilepton (prel.) S 168 18+ 13 + 7
cor.: all the other uncertainties TOP-10-005 = (36 pb™)
=
Z ——

: : . : . _ CMS I+jets (prel.) S 173+14+ 38 + 7
ThIS reSU|t IS COﬂSlStent Wlth the theorethal tt TOP-10-002 g (36pb'1) 29
cross section at approximate NNLO : <

B=-—
_ +5 +9 ATLAS combined (prel.) 180+ 9+ + 6
Gﬁ(HATHOR)_ 164 —g (scale) _g (pdf) pb ATLAS-CONF-2011-040 (35pb”)
. . +7 +9 Theory: Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
Gﬁ(Kldonak|8)= 163_5 (scale)_q (pdf) pb MSTW2008(|N)NLO PDF, slcale® PDF(90|% C.L) unc. | |
: : 0 50 100 150 200 250 300
and more precise than the NLO theory uncertainty

Top Pair Production Cross Section [pb]
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Conclusion

With 35.9 pb of data, harvested during the year 2010 at Vs = 7 TeV,
the CMS collaboration has extracted tt production cross section in the dileptonic
and semi-leptonic channels.

Combining the dileptonic and semi-leptonic with b-tag using the BLUE technique,
we obtain:

0.(CMS) = 158 * 10 (unc) * 15 (cor) £ 6 (lumi) pb

CMS Preliminary

IIIIIIl

T

10

Top Pair Production Cross Section [pb]

IIIIIIl

T

® CMS combined (36 pb™)
B ATLAS combined (35 pb™)
O CDF
0 DO

Approx. NNLO QCD (pp)

N scale unc.
.............. NLO QCD (pp)

_______ Approx. NNLO QCD (pp)
scale unc.

MSTW 2008 NNLO PDF

Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009

2 3 4 5 6

APriE 14" ZUull — VIS ZUll

7 8
\'s [TeV]

This result is in good agreement with the
theory and fits nicely with previous data

Currently, the uncertainties remain large
to constrain the theory

but :

» impressive results after few tens of pb
(the current LHC regime is ~10pb* / 3 days of run)

» methods are ready and work well

= there is still room for improvement
(syst., luminosity uncert., combination, ...)

Julien Caudron, UCLouvain (CP3) 11/11



Backup slides

April 14" 2011 — DIS 2011 Julien Caudron, UCLouvain (CP3) 12/11



: N0 btag, templates

_E 0.3 CM§ Slmulatlnn at\,s l7 Te‘wIr | a | _: B CMS élhhléflonl at\.,s - ?Te‘u’ A -
© I etjets, N =3 I 1 0.25[e+jets, N 24 o ]
° - © it . - it ]
E 0.25 Single-Top — - Single-Top B
g C — Wolv 1% — Wolv -
©  o02p — ZIy* >l E - — ZIy* -l ’
- — QCD/y+jets 1 °13F — QCD/y+jets -
0.15] = - il ’
' 1 o1 _-I'H: —
0.1 E N = i ' ]
N ] B | |
o - 0.05[ -
n.c:sE ] ' ELJ; -
P R i Y == A I SRS B R B e =
00 20 40 60 80 100 120 140 160 DD 100 200 300 400 500 600 700
Er [GeV] M3 [GeV]
C T T T T T T T T T | T T T | T T T | T T T | LI | T T T | T T T =T T T | T T T T | T T T T
-_.c:’ 025 CMS Slmulatlon at\s =7 TeV —_— - 025 _CMS Slmulatlon at\F = 7 TeV — ]
o - utjets, N =3 tt. ~ - utjets, N =4 i —
2 - Single-Top 7 - Single-Top -
I= 0.2 — — W=lv ] 0.2 — -L- Wiy =
o = * Hr = - * .
3 - —Zy*IT - - —Z*-I'T A
0.15 — QCD - 0151 — QCD .
- - - | H- 7
B N - | i
0.1 N : . ] 0.1 — ,.I.th *‘\] ]
" ., ] N ! : .
0.05f ,or* —  0.05- -
} [ o b e by
00 20 40 60 80 100 120 140 160 180 00 100 200 300 400 500 600

E. [GeV] M3 [GeV]



/

Events / 10 GeV

Semi-leptonic: no btag

— — — - 7
- CMS I’rellmlr:ary I | I l i "E 10 Ecmb F'reliminahr | | ' g
35036 pb! Et Ns=7TeV = o 10 £-36 pb™ zt \s =7TeV .
— t :-" 3 . L iet =0 3
300 _—eﬂe = [ Single-Top — . SHES Nets [ Single-Top 3
- L . Ewoly - 10 B Wy E
250~ normalization from fit mmz/y—rr 3 Wl Z/y I :
s00F- [ JQCD/y+jets 3 10° 8 [ JQCD/y+jets F
150 —+ E 10° E_ : _
100 = 10°
50 - 108
U i 'l 1 1 1 1 i 'l 'l 1 1 1 i 1 : I I I I I
0 20 40 60 80 100 120 140 0 1 2 3 >4
M+(W) [GeV] Jet Multiplicit
, normallzatlon from MC PHIety
= 35T T T N A o 10 | E—
- CMS Preliminary qC; CMS Preh:fnlnary —e— Data 3
C . ' > 6|36 pb'at =7 TeV - _
3 n - 221 coni!dence belt kT 10 L+ets, N >0 B tt =
B 6 confidence belt []Single-Top 7
2.5 :_ . 105 - W-olv =
- : W 2y I .
“E E 10°F 1QCD E
150 = 100 s -
i3 F 107
0.5F = 10
u - 1 1 i | i 1 i 1 I 1 i 1 i | i 1 [ 1 . 1 : | | | | |

0 0.5 1 1.5 2 25 3 0 1 2
n

3 >
Neyman Construction including all systematics B:i Jet Multiplicity



Semi-leptonic: no btag

electron+jets muon+jets

event yields from simulation : i 157 £ 25 168 £27 | 197 £31 211 + 33
single top 2241 S8:ub 30 +1 1141
Wjets 374 + 27 04 + 7 486 +34 11519
Z+jets 66 + 5 1541 46 1 3 11 11
QCD 314 + 19 53 + 8 49 1+ 3 891+ 1.0
sum MC 034 +55 339+32 | 807 =53 358+ 37
Data 1183 428 1064 423

result of the fit for e+jets and p+jets:

ﬁﬁ- NST NW—I—iets NZ+jets NQCD E+jEtS NQCD Ju+jets
predicted | 1.00 | 72+4 | 1069 +77 | 138 =10 367 + 27 58 +4
fitted .10 | 76122 | 75186 | 184151 440 4+ 44 1134+ 31

electrons + jets only: g = 180723 (stat. + syst.) = 7(lumi.) pb
muons + jets only: o = 168732 (stat. + syst.) = 7(lumi.) pb
combination : og = 17373 (stat + syst) & 7(lumi) pb
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Fraction

template:

electrons + jets only:
muons + jets only:
combination :
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[ T T T T T T T T T T T T | T T T T | T T T T | T T T T _I

0.3 = — Bottom =
0.25 — Charm -
- — Light Flavor .
0.2 =
015 [ 1 —]
0.1 —
0.05— —
[ | | | ! ! 1 1 | n

00 1 2 3 4 5 6

Vertex Mass (GeV)

og = 158 + 14 (stat.) £ 19 (syst.) £ 6 (lum.) pb
v; = 145+ 12 (stat.) £ 18 (syst.) £ 6 (lum.) pb;

oz = 150+ 9 (stat.) =17 (syst.) £ 6 (lum.) pb.
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Semi-leptonic:

CMS Preliminary [ L=36 pb'1, \s=7 TeV

.

— u £ £ £

250 — 5 S S o

- = = = =

= s = = =

- D 2 g 2

- = = = [

- ~— - — -

Zﬂﬂ_ - by = z

| a 7] 7] [}

= = = =

| — e (o] =t
150
100
50

nu 50 50 50

10
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50

5 Jets 1 Tag Muons

5
Secondary vertex mass (GeV)

btag

=36 pb”, \s= 7 TeV

4 Jets 2 Tags Muons
5 Jets 2 Tags Muons

50 50
Secondary vertex mass (GeV)



70

Number In 36 pb™

30

20

10

CMS Preliminary,\/s = 7 TeV, 36 pb'1 of Electron Data

= Data
I
I Single-Top
T woiv
E Ziy oI
[ 1acbp

[-)

Number In 36 pb™

800 1000

=p

CMS Preliminary,\/s = 7 TeV, 36 pb'1 of Muon Data

= Data
I
I Single-Top
E wolv
B Ziy oI
[ JQcD

o s

amnan

800 1000 LZIIO

H; (GeV)
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CMS Preliminary,\s = 7 TeV, 36 pb™ of Electron Data

= Data
I
[ Single-Top
E wolv
B Z I
[ 1acb

MY (GeV)

CMS Preliminary,v/s = 7 TeV, 36 pb™” of Muon Data

= Data
Il
I Single-Top
I Wy
Bl Ziy-IT
[ 1QcD

300
MY (GeV)

CMS Preliminary,\IE =7 TeV, 36 pb'1 of Electron Data

00

80

= Data
I
[ Single-Top
I wolv
B Ziy-IT
[ 1acp

250 300
E; (GeV)

200

CMS Preliminary,\/s =7 TeV, 36 pb'1 of Muon Data

= Data
I
I Single-Top
N wolv
B ZiyoIT
[ 1Qcop

E; (GeV)
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Secondary Vertex (BVT-10-001)

GME Preliminary 2010,

WJE=TTeV, Lai15nb"

o T T T T T T T 7
m_— +-Data -]
r Psimjlighty
2500 [Sim.(charm) 3
s +, Esim.(bottom) 3
20001— -
1500 E
1000F- =
s00f =
1.8E X [ : } l
1_.|..¢~'.._.,,:.*.+.| l**"*+4i*+'+at+'"ti'+'+f[+++'+' + hl } |_"
05 ....I....I....I....I....I....I....I....:
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WE=7TeV, La15nb”

10!'5'- LI T T
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Data/Sim

Average SV track multiplicity
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g
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é_mh.i:”!“r“ . *‘”Tih'*i'}'{}'{‘{'f'{{ H.H* ]

! l[ 3
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CMS Preliminary 2010, 8= 7 TeV, L = 15nb'
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—Sim.(tatel)
—Sim.(lighty —
~Sim.[charm) 7]
—Sim.(botom} |

30 40 50 60 VO 80 Qgeﬂgﬁ[éé?nl;]‘!ﬂ
T

From data: SF in the fit obtained from
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Track Counting: at least 1 jet and 2 oppositely charged
leptons, from simulation

Eventz with sa

UL e e e e e e o
CMS Preliminary —@—data

-1 —
B polatVe=7TeV I hackground, light jets

[ background, ¢ jets
[ ] background, b jet=
I 7 signal. b jets
-tfsigud.ciats
[0 % signad, fight jat=

20 30 40
b-tag dizcriminator

gzn_....,_._...,....l....,....,_
s CMS Preliminary data
L ; - i
uim_aﬁ.uph atNe=7TeV [l background, light jets |
| Eventz with ap [background, cjets
[ [_|background, bjets |
s Bl fgainjes
L -t?slg'nl , Cjats ]
60— [T signal, ight jsts =~ —
q_u_ —
20 —
9 0 a0

b-tag discriminator

Ewventsz with pp

UL A e e e e e o
CMS Praliminary —@— data

8 poat\E=7TeV I hackground, fght jets

[ background, cjsts
[ | background, b jets
B 7 sional. b jets
- 1T signal, ¢ jets
[ 17 signal, Gght jets
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CMS F"rsllliminar'_.l
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B % signad, b jets
- tt signal, ¢ jets
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11 1 1 I 11 1 1 I 1
10343 ] 10

20 30 40
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From data: SF extracted from 2tags bin / 1 tag bin,
corrected for non-top BG
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CMS Praliminary & Data
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BLUE Method

With H be:'lng the inverted error matrix E. The latest is given by:
K
E=Y EO,
k=1

with the contribution from the systematic source k being;
k (k) (k) clk)
EW = ras”,

with rJJ-"I- the correlation factors (equal to 1 fori = j)and ﬁf the uncertainties.

For each measurement, a weight can be calculated such that

H = E My,
i

with
el Ej Hjj

— i i —
e i Hij

w; wy
More details in:

L. Lyons, D. Gibaut, and P. Clifford, "How to combine correlated estimates of a single physical quantity”
Nucl. Instrum. Meth. A270 (1988) 110

doi:10.1016/0168-9002(88)90018-6
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Estimation of the contribution outside the Z-veto region
using the number of events inside the Z-veto region

Peaking —
EIDrocesses NEJrE £Xp — ete (N:‘:E_ — D.SN;:}FICEE)

[y Non-peaking out out/in

from simulation, non-peaking processes
Rouin = N (DY MC)/ N, (DY MC)  from ep channel data
corrected for lepton eff (k,,)

Similar for the pup channel
Done with and w/o b-tag / Pile-up, for != jet multiplicity, .

76 106 Dilepton mass
2) Non WI/Z decays lepton (“fakes") :

To estimate the ratio of Non W/Z decays leptons passing the standard lepton selection (FR),
an inclusive QCD sample has been used.

FR (p,n)=n/(n+ n)  where n is the number of leptons passing the tight selection
n is the number of leptons passing the loose selection and not the tight

2 "fakes™: FR.FR 1 "fake" + 1 from W/Z boson (corrected from QCD/signal spillage):
NSP — e N N = __NY _oNQCD _ A
i ; (1-FR;))(1—FR;) ™ " Z} (1—FR;) " — 2Nun = Bsignal

Done with and w/o b-tag, for != jet multiplicity, £.,and tested for != loose selection in FR definition
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