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OUTLINE

(
<> DM Models & Signatures in CMS searches
<> Analyzing CMS data

<> MonoJet, MonolLepton, MonoPhoton, MonoTop, Top pairs, Higgs portal

<> Perspectives for LHC Run 2




DM models in CMS searches

@ Most of the CMS DM searches use Effective Field Theories : \
= MonodJet, MonoLepton, MonoPhoton, Top pair

L = &
88,
Perturbative
\ RN,
& Validity : M,, > Qtr = invariant mass of input partons / output DM \
» Search parameters : cut—off scale A ; DM mass my
> Operators : scalar pseudo—scalar y° vector y* axial-vector y*y°
[brobe spin—independent/dependent interactions
» Translate to elastic DM—Nucleon cross section: S (CN—) CN) oC—
U = reduced mass of the (y, N) system

\_ see doi:10.1007/JHEP12(2010)048 )




Sighatures

-
<> DM weakly interacting = no detection

= large transverse momentum imbalance (MET)

é> Need particular topologies to tag the event (trigger+signal extraction)
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Event reconstruction : tracks, e, u,y ’

r | I | | I | | I
Om im 2m im 4am 5m 6m 7m
Key:
Muon

Electron
Charged Hadron (e.g. Pion)

- — — - Neutral Hadron (e.g. Neutron) i .

----- Photon 1001 T
G e SIS NEN [ ] S iad ot “
o ) el o fd - 44 Stkslingt Hars bt ”:7“ (1]
X Z . 2 " ke i el HH. MERRIARAN IR ‘I"'
e T %8 v S imisman + -..1 : i L
L .t 154 a4
3 1 |

Silicon
Tracker

Electromagnetic
), " Calorimeter
’

Hadron Superconducting
Calorimeter Solenoid

Iron return yoke interspersed

Transverse slice with Muon chambers

through CMS

a y VT

7( Electron reconstruction

Photon reconstruction

Y,

D Bamev. CERN. Febrwawry 20004

» SuperCluster in ECAL not matched to a track
\k> ID : single tower H/E, SC shape, charged/neutral had & photon isolation




The Particle Flow algorithm

r

ECAL
HCAL

: hadron identification and position

Reconstructs individual particles

1 tracker : excellent resolution, esp. at low momentum
: excellent resolution, esp. at high energy + position measurement

\muon detector : excellent resolution, esp. at high momentum

Charged hadron

Q Build input elements
— clusters of ECAL crystals

- clusters of HCAL towers
- tracks in the tracker

— standalone muons

<> Match elements by pairs

= geometrical compatibility

\_




PF Jets, MET, Isolation
SH

~ N | JET
<> Jet reco : PF particles [hnti—kT A
+ PU h*? + energy corrections (detector effects) noutral. |
hadron
10% :
<> Jet ID : charged/neutral em/had components : :
C PU ID : BDT(components pT, position, multiplicities, PV) ) 4 2504
. » photon
( ™\ j
<> Ty, : reconstructs hadronic tau decay modes /
charged
<> b : Likelihood(tracks impact parameters, 2" vertices ) hadrons
- J 65%
CaloJet/PFJet
_>M — 2 _>l leading T
¢ MET : pT - a pT Track/charged Ze:(?sr PFCandidate gi]’;d:;a”
PFparticles i “
<> Isolation : process all PF particles btw 2 cones s
R{SOE( Z pt + MAX [0 Z pT—f—EpT—OS Z ;JT])/;J%
charged neutral charged,PU \\ /| / Coading lement
« \\| ‘;‘ / jet-leading elemen
\ CHARGED + NEUTRAL - NEUTRAL PU y SN usaNgcon
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Monodet : event selection

—

p :
> Jet p>110 |n|<2.4

» pg fractions : ch. had. 2 20% neutr. had. £ 70% photons < 70%

> Accept 2" jet (p>30 [nl<4.5 Ad,,<2.5)

rd ;
> Veto 3" jet (p, h) Kill QCD, ttbar

G

Jet 0,
et =921.98
eta =-0.463
phi = 2.508

e 4
Y 5% Lepton veto :
& G \ > e/uwp>10 R, <0.2)
L [ 20 k2
/ % Kill V, VV, top

MET 0,

pt =913.68
eta = 0.000
phi = -0.657

» MET = MET without p
> 7 MET Regions : MET > {250, 300, 350, 400, 450, 500, 550} GeV

Ref : CMS-PAS-EXO-12-048



MonodJet : signal extraction

10

Single—bin counting after optimal MET cut

Data/ MC Events / 25 GeV
N o & - o - s & =X =Y =3 =X g, Sgn _ Sgn
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@ . i e < 1 — Sgn Data = .
5§ Lol 0 S vl v ol ool ol 1 QCD - QCDMC X CDCtrl ! Ctrl_{relax NJ ! DleJZ = 03}
S Q MC
E%‘iss (GeV) — = 250 = 300 = 350 = 400 > 450 = 500 = 550
Z(l-“l-‘]l-i—iets 30600 &+ 1493 121194+ pd0 5286 +323 2569+ 188 1394 +127 6714+ 81 370+ 58
W+j€'tﬁ 17625 + 681 6042 4 236 2477 4+ 102 1044 4 51 516 4+ 31 269420 128+ 13
tt 470 + 235 175 + 87.5 72+ 36 32+ 16 13+ 65 h+30 3415
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Siﬂgl@ t 156 £ 78.0 K2 + 26.0 20+ 10.0 7+35 2410 1+05 0+0
QCDh Mult-ijets 177 +88.5 76 +£38.0 23 +11.5 3415 2410 1+05 0+0
Total SM 49154 41663 18506+ HA90 7875 4+341 3663 +196 1931 +131 949483 501 £+ 59
Data 50419 19108 8056 3677 1772 804 508
Exp. upper limit 3580 1500 773 424 229 165 125
Obs. upper limit 4695 2035 882 434 157 135 131




Monodet : results
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mediator mass scan

MonodJet
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MonolLepton
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"
[less background @ LHC

L Up/Down type quarks

Advantages : clean leptonic signature

[kasier to trigger than mono—jet/photon

< Interferences [kensitive to different couplings for
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MonolLepton : event selection
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C CMS Experiment at LHC, CERN
Data recorded: Thu Aug 16 05:27:03 2012 CEST
Run/Event: 200992 / 291330460
< Lumi section: 338
25
11 MET
pt = 876.4 GeV
> e:ID A_<5 GeV & E;>100 IsoCalo<3% phi = 0.061
> Veto 2" e (pT>35) [Ckill DY

» Back-to—back lepton and MET

» u:ID R _<0.1 p>45 6p;<30%

1SO

» Veto 2" (p;>25)
[kill cosmics & DY

> 0.4<pT(l) / MET< 1.5
> A¢> 25

Muon 0,

pt = 913.3+-49.3 GeV
eta =048

phi =-3.03

MT = 1783 GeV

Ref : CMS-PAS-EXO-13-004



15

ion

| extract

sigha

MonolLepton

~

d
Y

S ( )
2
\ @ ZW
m_ N T g|C
N — S Col S
-+ ) S| 3
c ¥ s
S ~ S|
(o) © = Q
o = F I =~
£ © S 0 —
Q0 £ < \
.—I o __ ) = T
= (= ~—~~ - NS
= L e~ = =
= ) S S Y
.. ¢ ~— _ Rlu
) (&) f <l & e
(7] S N A
> < B
(] ] \ C
C (%) 8
© © -
() S aF 5 &
=) “ o
& e & S
£ & = S
» 3] + Q
£ a g Q
© N O
o o0 Q
CMS Preliminary e+E™ Ldt=20fb" (Vs=8TeV

wwo

>10"Ff shorcey 1 Z2bo
6 [ Spin Independent
GHO DM x=+1
—10°
/HOA. —— DM x=0
..m 3f — DM x=-1
510
1110°
108

10™

10

10°

10™

500

1000

T T T
GeV

W->1n QCD

- tt + single Su- g+jets
D DY - Diboson

e data

1500

B
B3 syst uncer.
R

2000 2500

M, (GeV)




16

results (e+p1)
production cross section” B (pb)

MonolLepton
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MonoPhoton : event selection

-
» MET > 140
> AGMET, y) > 2.0

[femove fake MET

.

> “MET ID” : %2 fit using unclustered energy

\

Kill y+jet

Ref : CMS-PAS-EXO-12-047

17

4 w
Lepton veto :
» 21 isolated lepton
> R, <02(e) /0.1 (w
L Kill W(lv)""Y )
[ Photon )
» E;> 145 GeV Inl<1.44 (purity)
» ID: H/E < 0.05 ECAL cluster shape
> Anomalous signals removal, timing cut (BX=3ns)
> PF isolation : surrounding h*? and photons
L> Fake photons from electrons removed y




MonoPhoton : signal extraction

(

pataMC _ Events/GeV Single—bin counting after p.(y) cut
N:ill.l ?!;_: z’l.ljllltl') 1 Illlllll.b 1 Illllllil_‘ o c LR O
S+ 7 1 Z| | Major backgrounds = MC x SF from data
of 1] v
T 5 e n e e
s B : _ g Beam halo [kiming distribution in data
| AN
o 1R z
=/ t II[”:IDI:I 1= _ o doe G
! S 2FEE28%% |2 W(en) = Data(Sgn, PIX matching)” —=28_—
= ">%§§5% ==z | = EJI;/Iata
«| =L A
! s |2 .
- § = g a ) L CD]et pass gID _ CDreaIg
Q : = QCD = Datasg it Q oo jet fail>1%) cut e
S é ! i L1 ] col vl QCDéeata -
Process Estimate
Z(—vi)+y | 34481425
W(— fv) 4+ | 1025+ 206
W — ev 595 £ 5.5
jet — 7y fakes 454 4 13.9
Beam halo 247 + 62
Others 35.7 £ 3.1
Total background | 612.6 £ 63.0
Data 630.0
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Top Pairs & MonoTop

( » Top pairs

<> Heavy quarks enhance sensitivity to scalar interactions
m
L = : —5qq CC

<> Two possible final states : tt—bb+Il /1
<> Signatures:

> 1. Large MET + 2 leptons + 22 Jets @low pT

\> 2. Large MET + 1 lepton + 3 Jets +

e

<> Probe couplings that favor heavy quarks

» MonoTop

<> FCNC diagrams with new particle in the final state
<> Search for scalar & vector DM particle

< Signature :t > bW(qq) 2 1 b—jet + 2 jets + MET

\_




Top Pairs dileptonic

21

> Leptons : R,_<0.12(u) 0.1(e) p;>20 [n[<2.4(p) 2.5(e)
> Leptons : m_{,>20 m;=m,+15 GeV scalar pT sum > 120 A¢$<2
> Jets :22 Jets pT>30 |n|<5 loose ID
> Jets : scalar pT sum < 400
» MET > 320
4 ) ™
Data/Bkg Events / 40 GeV Fit (S,B) to data
o 5 = "5;) '5 o '5
O — .
’ " ofi|| » Irreducible bkg = MC x SF from data
It e [t t, DY, VV
st + 71\ J
T 5 > Fakes : 1 or 2 mis—ID lepton(s)
N T - - 6,Nloose L passes tight ID
S| 1] NL _ 1 Lepton fails Tight but passes Loose ~ ‘Data
+ | IDDID ol FakeData - Datal Lepton passes Tight ID 1 é\floose L passes tight ID
+f ~ CData
ol | EEg0g99=g
3| 2w %%%g = [ | Background Source | Yield |
: 00535°° | i 0.87 £0.18 £ 0.27
o =52 Single top 0.48 +0.46 +0.09
agr LR i Di-boson 0.32+0.09 £0.05
@ 2 Drell-Yan 0.19 +0.14 £ 0.03
=< T One Mis-1D lepton 0.02 +0.07 £0.02
Double Mis-ID leptons | 0.00 4=0.00 = 0.00
Total Bkg 1.89 +0.53 = 0.39
Dat 1
Ref : CMS-PAS-B2G-13-004 Si;nzl 188 £0.11£0.07




Top Pairs semileptonic

> 1Lepton: R, <0.12(u) 0.1(e) p>30  [nl<2.1(w) 2.5(e)

> Jets : 23 Jets pT>30 [nl<4 loose ID 21 b—jet

> Jets/MET: A¢(Jet+Jet2 , MET) > 1.2

(e » MET>320 GeV m;>160 GeV  my," (W decay kinematics)>200 GeV

-
Data/Bkg _ Fvenis/40 Gev Fit (S,B) to data
3l P gl_; > All backgrounds = MC x SF from data
72
. Background Source Yield
9l 1 i 82+06+19
NTITE W 52+17+06
5l zEgggsag | Single top 23+11+11
T BoEsc Di-boson 05+02+02
m| ot g2 %] Drell-Yan 03+03+01
28 1 - Total Bkg 164 +22+27
2 + [ Data 18
Signal 383+ 07 +21

Ref : CMS-PAS-B2G-14-004
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results
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MonoTop : event selection
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\
¢/V » 3 jets : pT>60,60,40 GeV m,,<250 GeV 1b—jet [n|<2.4
> 4% jet veto : pT > 35 GeV
> Lepton veto : pT>10(n) 20(e) [n[<2.4(2.5) ule) ; R, < 2
. » MET > 350
J
e e Z(rm3Jets)¥" - Bkg™®  BR(Z
g .z s 5 B B @ e =
OFrrrrrr BERRRERENRERRR AR RERRRN AMCXEIVICXSFMC BR(Z—)/???)
< O ™ ©
A 2 o — = w
" o B oo
3 i&— 3 ERE o
7 — ® - 9] Sgn Sgn
i . 2 g {2 _W(In+3J).: - Bkg, . 2 ,
o 4 B = 5 |3 [P0 s @ p(ostD) pic(b- tag
) %,. /%; Q % MC C I=e,mt,,
5 A — |5 0b _ ,0b AT . b Ob
5 | omman g Nm = Paig Nsig + Pacp Nocp + NT;W bg
3 %ﬁ, g %g S ”I‘i-..'_".a— - f— e o .
EN 27’; X8 ‘%< o & ° i N ps:g NHS + pQCD NQCD + Nﬂfhfr bg
AN 023 15
D= %7’ @ ©
32%\ 1 f\i"ﬁ ) A L \\<T\ I I O I I_\ § ’CS+B(USIS”U) — pOfSSOH (NSSSETUE’leGb) X pOI‘SSOH (N;-gsgrpglelb)

Ref : CMS-PAS-B2G-12-022
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results

MonoTop

CMS Preliminary 19.7 pb™at (s=8 TeV

95% C.L. limitons ~ Br (pb)

—— Vector DM theory s™ Br
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Higgs portal : VBF H(inv)
( g gt h
/ ¢ » 2leading jets p>50 [nl<4.7 nmn,K0 And>4 m>1100
= > Central Jet Veto (n;, <n;<np) A9<1  [Ckill QCD
c
5 > Veto events with 21 lepton (ID & p;>10) Ckill W, Z
Iﬁli > MET > 130 GeV
> » Optimize cuts [Olikelihood based on signal significance
\ J
4 Single—bin counting experiment )
Events / 20 GeV g g exp
S, 9 BR(Z — nn
. e Z(n) =] Z(nmyz. - Brgln |« BRE= )
ul trl
g g 7 2 BR(Z —> m7) Ve
§ ’éI\ ; A Ctrl Ctrl Whi%n
5 = ,f W(l/?) :@V(ln)Data Bk MC H Ctrl
w ©
S g'hl D t (pass MET, fail CJV) D t (fail MET, pass CJV)
g K oCh=—"2 N2 (tait MeT fe'lIaCJV) Noaa™ =EWK
s ! g E|é ? k Data \fai , fai j
= g.o = B §§ % Process Event yields
& é o é = Z(vv)+jets 99 + 29 (stat) + 25 (syst)
®° 2z So W (pv)+ets 67 + 5 (stat) + 16 (syst)
T s = W (ev)+jets 63 £ 9 (stat) £ 18 (syst)
< S
— o W (v )+ets 53 £ 18 (stat) = 18 (syst)
QCD multijet 31 £ 5(stat) = 23 (syst)
Sum (tt, sinjgle top quark, VV, DY) 20.0£8.2 (syst)V
Total background 332 + 36 (stat) £ 45 (syst)
VBF H(inv.) 210 £ 29 (syst)
ggF H(inv.) 14 £10 (syst)
Ref : CMS-HIG-13-030 oppcrved dafa )




Higgs portal : Z(bb) H(inv)

Categories : 3 MET regions [100, 130] [130, 170] [170, oo]
Topology : pr y1(42>60(30) p,,>130 A$(ZH)>2.0 boosted H
b tagging [kill V+Jets, VV

Lepton veto (p>15) Ckill WZ, ttbar

Third jet veto (low—MET)

Fake MET veto: AQ(MET, J)>0.7 AP(MET, MET*)<0.5 [kill QCD

N

— S IR R N .
s 0E cus o 3 || Fit BDT(topology) for Sgn and Bkg on Data
~ [ Vs=8Tev,L=189fb"  —im ]
D 10°E 7(6b) H(inv) high EM™ =, 3
< T = 1 || » All backgrounds : MC + scale factors from Data
Lﬁ 103 B oco |
102 ?_ P 3 miss - miss miss
3 rocess High E7 Intermediate ET Low ET
. Z(ww)H(b)(SM) | 20+03 04 +01 0.1£00
10 W(ev)H(bb)(SM) | 0.5+0.1 0100 01400
ZZ(bb) 27.7 £ 3.1 116 + 1.3 55407
WZ(bb) 102+ 1.6 7.34+09 31405
VV (udscg) 53+11 03+02 0.1+£0.1
10 Z+bb 61.8 +7.1 211424 132416
Z+b 167 +£1.7 32414 0.7 £09
102 Z-+udscg 71403 0.6 +0.4 31425
W+bb 15.8 £ 2.2 58+ 0.8 30414
W+b 47 +£12 02403 0.0£0.0
. W-udscg 49402 11403 02403
- it 204+18 9.6 + 1.0 8.9 +1.1
C Single-top-quark 41424 35420 25407
i QCD 01401 0.0 + 0.0 0.0£0.0
L ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ i Total backgrounds | 181.3 +£9.8 648 +4.1 405+ 4.1
01080604020 02040608 1 Z(bb)H(inv) 126+ 11 36+03 L6+0.1
BDT OUtpUt Observed data 204 61 48
S/B 6.9% 5.6% 39%




Higgs portal : Z(ll) H(inv) ”

Categories: O-jet 1-jet
Lepton pair e*e”/pu‘u~  p>20 m=m, + 15 GeV
Third lepton veto (p>10)  [kill W, Z
Jet veto: N(et pT>30) 2 2  [kill Z(I)+jets (fake MET)
b jet veto: p(u)>7 OR p(b—jet)>20  [kill top
MET>120 A¢,>2.7 IMET -p;"| / p;"<0.25 [kill Z(I) t
L L L B L S Sgn
% - CcMs - gg(sfzr;’)ed ] A (ll ) %ata B kg g H Whinematics (pT) Wpy
O 60 (s=gTev,L=197fb" EdzHets
B [ z0nHGnv) L Top/WWiWets 3 S N
= sof = 3 | h[Top, WW, W+lets, Z(zt)| = [Data(S gn,e“u’)— Bkg g”] 4
> Process VS =T7TeV Vs =8TeV
Ll ee Hp ee Hu
0 jet selection
Z/yt — e 01+01 02402 02403 09414
WZ — 3fv 1.74+02 20403 104416 141+17
7. — 202 58+07 78+09 264+30 359+x36

tt, Wt, WW & W+ets 11+64 10+31 04415 07421
Total backgrounds 87 +65 11.0+33 374+37 b516+48

ZH(125) 23402 314+£03 1034+12 147 +15
Observed data 9 10 36 46
S/B 26% 28% 28% 24%
%‘ 1 jet selection
a Z/y" — €T 02+02 00+}3 20+38 30+56
% A WZ — 3év 084+01 09+02 33404 38405
00300 400 500 600 700 800 900 1000 _ ZZ 20 11+£02 14+02 48+05 63+07
m- [GeV] ], Wt, WW & W+jets 05406 05408 04417 07413
Total backgrounds 26407 28+£09 1064+42 138+58
. . ZH(125 04401 05+01 1.6+02 25403
I:MﬁX likelihood ﬁt 2D . (mT y A(I)") Obsenged c)1ata 1 4 1 17

S/B 15% 18% 15% 18%
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results

Higgs portal
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Summary
P

<> CMS covers a broad panel of final states and scenarios

> Upper limits on production x—sections between 1071 =102 pb
> Upper limits on y—nucleon interaction x—sections between 10738 -10742 cm?

» Collider limits are the only limits available below My < O( 1 GeV ) !
» Cross—check direct detection experiments at higher masses.

2 : 2
c-Nucleon Cross Section [cm”] c-Nucleon Cross Section [cm?]
e = = = = O = R N T = = [ = [ = [ [ =
Q 9 9 9 9 9 9 9 9 9 9 9 9 2 9 9 9 9 9o 9 9 o9
5 & & & & 8 & & 8 8 2 8 & R 8 = & 5 8 8 S 8
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Perspectives for LHC Run 2

/<> Running conditions : 13 TeV, 25 ns, <PU> = 40 [kxpect rate x4
<> Optimise X+MET triggers to cope with such conditions
<> Refine background estimations and reduce associated uncertainties

<> Physics models : EFT validity is an important limitation
\ [bwitch to simplified models with extra search parameters

207" Relic density o
too large \

15} Theory is non— T
| perturbative

0 100 1000
mpwm [GeV]
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BACKUP
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DM models in CMS searches

<> MonoTop :
— explicit interaction lagrangian

— FCNC diagrams

<> Higgs portal :
— SM Higgs production

— search for invisible decays

— DM-nuclei interaction =
exchange of Higgs bosons




Particle Flow reconstruction

"

N

Build input elements

- clusters of ECAL crystals / HCAL towers (topological algorithm)
- tracks in the tracker

- standalone muons

Match elements by pairs (geometrical compatibility)

N

D.0.65C o.
E 0'655 E ! HCAL entrance
=07k = 0.7F —
Tt e o e
0.75 5 0,750 -
L d - L
0.8F - 0.8
0.85 = -u.asg—
0.9F e camm 0.9}
ook O i T : o | P
F | | o
- |__‘I -
-1:L@.II.JII.JII.'Th..II.JII.JII.JI.JI.JI -1 - AL 1 B T - |- L
09 095 1 105 11 115 1.2 105 1.1 115 1.2

n

- 2 photons : ECAL clusters, no tracks

- 2 charged hadrons : h*and h-

34
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Backup 1

ds /d M_(pb/20.00 GeV)

CMS Simulation
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Monojet : uncertainties

ETss (GeV) >250 >300 >350 >400 =450 =500 =550
Statistics (N°%) 0.9 1.3 2.0 29 4.0 5.5 7.5
Background (N"&9) 2.5 23 1.9 2.1 2.1 1.9 24
Acceptance and efficiency | 2.0 2.0 22 24 2.8 3.3 41
PDFs 2.0 20 2.0 2.0 2.0 2.0 2.0
Total 3.9 39 41 49 6.0 7.6 10.1
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Monophoton

s x A [fb]
S

10*

102

CMS Preliminary 2012

{s=8TeV,L=19.6fb"

— 90% CL Obs. Limit
e 90% CL Exp. Limit

Exp. Limit +- 95% CL

. Exp. Limit +- 68% CL
_ _

> 145 > 160 > 190

> 250

> 400 >700

@ -
P; [GeV]




Higgs portal

Z(bb)H(inv) cuts

Variable Selection

Low EMs*  Intermediate EFS  High EMs
EF'ss 100-130 GeV 130-170 GeV >170GeV
Pl >60GeV >60GeV >60GeV
P >30GeV >30GeV >30GeV
P >100 GeV >130 GeV >130 GeV
M <250 GeV <250 GeV <250GeV
CSV max >0.679 >0.679 >0.679
CSVmin >0.244 >0.244 >0.244
N additional jets <2 — —
N leptons =0 =0 =0
Ap(Z,H) >2.0 radians >2.0 radians >2.0 radians
Ap(ERss j) >0.7 radians >0.7 radians >0.5 radians
Ap( ETmiSS, E%‘isstrk) <0.5 radians <0.5 radians <0.5 radians
EMiss significance >3 not used not used
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Higgs portal

VBF syst

39

Source Total background Signal
Control region statistics 11% —
MC statistics 11% 4%
Jet/ E%‘i"" energy scale/resolution 7% 13%
QCD background estimation 4% —
Lepton efficiency 2% —
Tau ID efficiency 1% —
Luminosity 0.2% 2.6%
Cross sections 0.5-1% —
PDFs — 5%
Factorization /renormalization scale — 4%
Gluon fusion signal modelling — 4%
Total 18% 14%
. Z(bb)H(inv) syst
Z(IDH(inv) syst
Type  Source Background Signal Type  Source Background Signal
uncertainty(%) uncertainty(% uncertainty(%) uncertainty(%)
PDEs o 5.0 57 Luminosity 0.9 2.6
FaCtC_’nza_ﬂon/ renormalization scale 64 7.0 Factorization,/renormalization scale and PDFs — 7
Norm. LMOSI_W L. . 23 22-26 Norm. Signal pr boost EW/QCD corrections — 6
Lepton trigger, reconstruction, isolation 27 3.0 Back d data/MC le fact 8 .
Drell-Yan normalization 48 —_ .ac ground data sca.t? actors
tt, Wt, WW & W+jets normalization 1.0 — S]..t‘lgle-top-qua_rk Cross section 1 o
MC statistics (ZH, ZZ, WZ) 18338 3.04.0 Diboson cross section 4 —
Control region statistics (DY(££)+jets) 0.6-1.2 — Trigger 1 5
Shape Control region statistics (tt, Wt, WW & W+ets) 2.0-3.8 — Jet energy scale 4 3
Pile up 0.2 0.3 Shape Jet energy resolution 3 3
b-tagging efficiency 0.2 0.2 ET" scale 1 2
Lepton momentum scale 0.9 1.0 b tagging 7 5
Jet energy scale/resolution 24-31 2.6-3.2 MC statistics 3 3
EZF'ISS scale 1.7-29 1.4-23 MC mode]_]j_ng (v+jef5 and tﬂ 3 J—
Total 11-12 11 Total 12 11
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Backup 1
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Models

<> Statement 1

= conclusion

<> Statement 1

[konclusion

<> Statement 1

[konclusion
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