Final Higgs --> WW?™ Results !

Lina Galtieri with the low P_ group

and the rest of the H-> WW group (~80 people)
Tatsuya Masubuci, Corrinne Mills, and Christian Schmitt conveners

June 13: approved for unblinding by the Higgs Group

June 27: approval of unblinded analysis by the Higgs Group

Aug 5 : closure talk of unblinded analysis at the Higgs group meeting
Aug 8: Almost final paper draft to the ED Board, updated Aug 20

Expect circulation to ATLAS by end August ( I think it will be
early September)
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BERKELEY Lan Rl

* Introduction
* HSG3 Group Activities
* Higgs->WW?*-> |vlv -> 2 |leptons + Etmiss
emphasis on DF (Nj=0,1) eu as illustration of methods used
ggF with Nj 2 2 and VBF not fully described
use of 7 TeV data is also not described
Event Selection

Backgrounds

Modelling checks

Results

Overall Fit
*  Summary
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Higgs Production
H->WW group is working on ggf, VBF, VH and ttH recently

o(pp — H+X) [pb]
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Gluon-Fusion
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A

1. ggf: H->lvlv (O, 1 jet)
eu,ue DF
ee, uu SF

H->lvlv (> 2jets) NEW
Spin studies (H->eu,0 j)
2. VBF: H->lvlv (2 jet)
eu,ue DF,SF

H->invisible

3. VH: H-slvlv
WH and ZH

4. H->WW High Mass Higgs
lvlv High Mass

lv qq High Mass

Present paper includes: 1. and 2. above

(no spin studies, ho H->invisible)
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H->WW?* Analyses

BR(H->WW?*) ~ 22% for MH=125
SIS SR

S
—t

s BR = Tc

3 1 1 1 1 1 1 1 | 1 1 L 1 1 | 1
10" =700 120 40 160 180 200
M [GeV]

Public Results with 2012 data
Shown at Moriond QCD 2013
Included in Combination paper

(May 2013)



H->lvlv: BACKGROUNDS =
Boson and Di-boson production at LHC

Background Rejection:

1. W+jets (data driven)
Misidentified leptons:
Lepton ID and Iso 10°

2. Wy and Wvy*

E i i e

£ 10° et . ATLAS Preliminary
= 3B pb” i ra ;

= ; LHC pp Vs = 7 TeV

! - ! i i
w | 35pb’ | Theory

= Data 2010 (L=35pb’)
o Data2011(L=1.0-47m"

. 103;_ LHC pp Vs = 8 TeV
Conversion veto - N e _
) - * Data 2;12[L=5.§fnh
Veto 3™ lepton 1L |y ’ |
3.DY, Z+jets ; Y e g
5 ! ; | 58
Etmiss > 20 GeV 0F | — | 210
— I'!—}WWatm 'ﬁ 125 GeV : : : g
4.Z->t1->ev uv W : s s
w oz I = T+ T ww I wz I w I zz

PT,” > 30 GeV

5. Top: tt and single top
O jet: estimated from MC+correction from data
1 jet: b-jet veto
6. WW: (irreducible), kinematics (H is spin 0): M, < 55 GeV, AP < 1.8
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A Brief History of H->WW Analysis !

Analysis started with
ggf: H->lvlv (0, 1 jet) with PT SubLead lepton > 15 GeV
PT Lead lepton > 25 GeV
2010 Simone and Lauren Tompkins from our group suggested
addition of the 10-15 Gev low PT bin. They were
joined by Chicago, PENN
2011 data: the low PT bin showed an excess of events over
background, not seen in the rest of the data
2012 Moriond: preliminary 2012 results, low PT not included
2012 July 4: discovery paper, H--> WW included, no low PT.
2013 Moriond: again no low PT, no time for review.
2013 AMS HSG3 workshop: decided on major improvement in the
analysis and on the addition of the low PT bin
2014: low PT is now an important part of the analysis
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. MORIOND 2013 RESULTS: H->WW*->lvly 1
included in the combination paper —

* Largest significance= 4.1 ¢ at M ;=140 GeV. The signal significance at

125 GeV was 3.8 standard deviation.
Main sys contribution comes from W+jets, non-WW, Ztz .

Signal strength from the plot below is combination
u =101+ 0.31 (stat+ sys) S —
ATLAS Preliminary | o= 125 Gov = F ATLAS Internal ~ HoWW'Siviv ]
H | 2 6 s=7TeV:/Ldt=461" 3
__>WW WZH bb - 5 (s=7TeV:|Ldt=4. 1 oo
> prreTe s H_mf B 5C (s =8 TeV:|Ldt=20.7 b3
S 120 ATLAS F’nvate + 4. = o 15 . o & 2im(um) =23 a 4z
5 100- LV\SNEV_)'I\L““ Offf;bt L s H—>W}W”—>rvh/ B g 2 Ik u,m ) = 6.0 =
] E - C —— HWW" s iviv (2011+ 2012)
U>J E E:ﬁe‘\g'%ml:dﬁlb‘ i@ 3_ N ——— Hﬁf‘#’{2011 2012) _: _10
] \s=8Tev:J'L(qt}=wsfb" r : '& , m—e— H—ZZ"' Il (2011+2012)
3 Ho 277> 4l g 2 ; : o
= \s=7TeV: [Ldt-451ib + )
3 ! : 2 * oS g ] _5
= : Combined  — p=135+024 | = S R R 7
B ] NS ot [ B : — e -
-2O:|\\\|||\|\|\|||\‘\|‘l%\ll‘\\\|l\l‘\\\? I ! J L l | I P S O
60 80 100 120 140 160 180 200 220 240 260 40+ 10115 120" 125 130 135 140 145 150 165
m; [GeV] Signal strength (u) m, [GeV]

* The low Pt bin adds statistics to signal. In addition, extends the
banana shaped plot to lower masses.
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Moriond 2013 and Present Results

Signal Background S/B
eu pe eu pe eu pe
Nominal 57 45 353 362 0.16 0.12
Low PT Nj=0,1 12 10 77 127 0.16  0.08
Addition (%) 21%  22% 22% 36% 0.16  0.08

Workshop at Nikhef in May 2013:
Improve the analysis to increase sensitivity.
Add Low PT, optimize object selection, optimize event selection.
Final fit 3 D: Mt (10 bins), My (2 bins), PT sublead(3 bins)

Sample Njets=0,1  Signal Background S/B Table made Jan
SR He e Re B HE 5014, Events
All PT bins 1763 1348 1910 1661 0.092 0.081 po.z0no the final
Low PT 347 227 403 354 0.086 0.064 Higgs window
Low Pt 20%  17% 21%  21% cut, as for the
Fractions above table
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Analysis Strategy !

1. Exploit the spin O decay properties of the Higgs Boson, to reduce
Standard Model WW production
2. Optimize object selection to reduce back., optimize resolutions

3. Optimize event selection to reduce backgrounds, while keeping
a reasonable sensitivity to the signal

4. Use Control Regions (CR) to determine Normalization Factors (NF)
for each bkg. (details later)
* Use validation regions (SS) to check validity of model.

5. Check SR with blinded data to verify data/MC agreement

6. Fit final WW* transverse mass (M+) to evaluate Higgs production
« 3D fit: MT(10), My (2), P1(3) (sublead lepton) for ggF, Nj=0,1

Final Higgs->WW Run I Analysis, Lina Galtieri. LBNL ATLAS Meeting, 08/22/14 11
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Object selection and Event Preselection !

"4.

Object selection (see backup for details)
* Leading lepton PT > 22 GeV/c (it was 25 GeV/c)
* Subleading Lepton > 10 GeV/c ( Low PT: adds 10-15 GeV)
e JetP:>256GeV, |n| <25, Pr>306GeV, In|=251045

* b-tagging with MV1 at 85%

. = - Vs=8Tev,| Lat=20.7 1" i [ sngeTop =

Pre-selection G O oo Ee QS

. L% 250; KS Prob = 56.1% _;

* Exactly two oppositely charged E

leptons of different flavors ; E

« M, >10, 12 GeV (DF, SF: reject Y) -

miss . : = =

e E1poek > 20, 40 GeV (DF, SF: reject f ST
.. IR oL IO T S e

QCD multijet, ) T S——————_1 4

50 100 150 200 250 300

m, [GeV]

M+ after preselection
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Event Selection and blinding |

all_Cut11_ALL_MI_gqWWw Mil

The O Jet Analysis The 1 jet Analysis o Cur_ A gy el
* Jet Veto * b-jet veto e LN M
* (AD, EMSS) > /2 « Z -> 11 veto: o e M N
e P{I'>306GeV Im_. -m, | > 25 GeV : e b +“+
* M, <55 GeV * Mj< 232 6eV g
° A(I)Il < 18 * ACI)II < 18 all_Cut11_ALL_PtI_qqWw | Emt::f?:
0,1 Jet blinded if passing all of: . Pl
* The pre-selection ._--";%l?"f--‘n*_'f*“’ St
* b-jet veto Tt ]
* M” < 55 Gev W’F' “z'o “20 50" a6" *;;++1ﬁ23‘ 5 '1Lo
Pl [GaV]
° Aq)” < 1 8 LowpT Excess in H->WW Search. 05/07/12, Lina Galtieri
« 825<M;< 140 GeV Signal and background

o0 ) ’e : Kinematics ?? add
my = (B + EFSR = pf + EFSP comments

Final Higgs->WW Run I Analysis, Lina Galtieri. LBNL ATLAS Meeting, 08/22/14 13



T,
FErrinr” ||||
|

'.

Cuts for ggf > 2jets and VBF

* VBF event selection

* ggF Nj 22
event selection a4 - VBF
Wz g (aaH) » P ™ is the vector sum of
W, zZ/ . .
efu category - Sy all objects in the event

ng =0
Merr <Mz — 25
VBF orthogonality

» C stands for centrality of
el category

- a given lepton with respect

VH orthogonality
Mgy < DD

Agy,<1.8rad

%mH <mr<mgyg

P_F‘Ul‘ﬂ {_._, J. 5

Marr < MMy — 2D
m;; > 600

Ay i 3.6

to the tag jets (OLV)
. CJ_3>1 means that a third

jet is outside the rapidity

gap of the tag jets (CJV)

(._ i3 }l
Coyy Coy <1
mye, ADy g

* VBF orthogonality:
reverse a Cl
requirement

* VH orthogonality
reverse one of the
VH requirement

* The VBF analysis uses a
BDT method to optimize
signal selection. It uses 8
variable as input.

* Results are compared to
cut based analysis 14

ee/pup category
ny, Pro  mrr
A . o _‘. _j'l'.
mjj. AY; ;. Chg, Cy
Mee, ADp g, M
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¢/ Event yields for the different channels
‘1

Table of events after the final selection (m+ Higgs window). The yield
and uncertainties (stat+syst) are those obtained after the final fit

Summary Composition of Npie
Channel Nobs  Nbkg Nsig Nww Nvv N; N Npy Nw; Nj;
n; =0
efi 2642 2390+£90 231435 15104+ 80 350460 75+0 130 £ 10 28+4 280 £ 50 16.44+2.8
E.E/.LLP’J 1108 1040 £ 40 79+ 15 730440 68+L6 30+1 65+5 504 25 81+ 15 6.3+2.3
n; =1
e 1129 10404+40 94421 440+ 70 1104+40 1024+14 270+40 234+ 6 88+ 17 8.84+21
E.E/.LLP’J 467 427+ 18 25+6 183 £ 29 31+4 46 £ 8 119+ 23 284+ 15 19+4 0.44+0.1
n; > 2, ggF
e 1017 060+ 70 50411 138+28 5H6+18 56+9 480+ 70 117421 54 424 63+ 20
n; > 2, VBF
ep bin 1 37 36 +4 8.1+1.3 504+15 23407 3.04+07 1564+29 36+15 3241.0 2.34+0.7
" bin 2 14 66+1.4 62408 1.740.7 0.74+£02 03404 20410 064+02 044+0.1 0.34+0.1
" bin 3 6 1.24+0.3 41408 0.3£0.1 0.14+00 01400 034+02 02401 00£0.0 0 +0
ee/pp bin 1 53 46 +5 4.24+0.7 3.1+£1.0 1.04+03 17403 10.1+1.8 28 £5 0.9+0.2 02401
o bin 2 14 84418 364+0.5 09403 034+0.1 0.3+0.2 1.2+06 524+£1.7 02401 0 40
o bin 3 6 1.1+04 23+04 0.1+0.1 004+£00 01400 0240.1 0.54+0.3 0 +£0 0 40
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M+ for the 3 Pt bins: DF, Njet=0,1 (before final fit)

10<PT<15

15<PT<20

Data-MC distributions from initial analysis ...

Pr > 20
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Background Strategy

Estimate most background using data and MC:

Channel | ww Top Z/v* =TT Z/v*—rtf  Wijets/QCD WV
Niet =0
ej+pie CR CR CR MC Data CR
ee-+jup CR (ep+pe) CR (ep+pe) CR (epu+pe) Data Data MC + VR
Nier =1
eji+jie CR CR CR MC Data CR
ee+pip CR (ep+pe) CR (ep+pe) CR (eputpe) Data Data MC + VR
Njer > 2, ggF
eu+pe MC CR CR MC Data MC + VR
N;ee > 2, VBF
eptpie MC CR CR MC Data MC | VR
ee+jifL MC CR CR Data Data MC - VR

CR: define a Control Region away from the signal region.
Subtract from data all known backg. from other sources
Normalization Factor= NF= [Data -Sum(back)]/MC(CR) +- stat unc.
Extrapolate to the SR by assigning to NF the systematic

uncertaintes on o = N(SR)MC/N(CR)MC

Data: see details below for Z/y*-->Il and W+jets/QCD

MC: uncertainties on X-sections and luminosity

VR: Validation Region

Final Higgs->WW Run I Analysis, Lina Galtieri. LBNL ATLAS Meeting, 08/22/14 17



Ty
.-,\
reererr| |

WW Background (CR)

Control Reglon away from signal region. M;=55-110 GeV, Ad) < 2.6

> 1800 —
(5 1600 ATLASJInternaI ;f,’f\}f ﬁzmsij@s"“”__
5 00 1 e enpion O B2t Mo Cat. Summary Breakdown of Nexp
§ 1200F= -H[IJZSGeV] -
% 10001 3 AT AT AT AT AT AT AT AT
12225 ~VR‘ _E ,'_'1\' obs .'_'1\ exp J-r\ WWw a'-r\ tDp 4';\' ﬂ”j‘ *'-r\ ZTT "-r\ Slg "-r\ rest
600 5 7 - é D ra B Y ~ s . T ¢ .
,, | (+Ade) O-Jet 7 n; =0 2711 2314 1597 320 182 106 28 108
5 n; =1 2646 2576 1095 1095 152 80 4 150

m, [GeV]
40‘& for Z7 T WN PIGl m nleC I‘WWC l l_ 1|9L‘MT T ckH\'\W C\

(I Fﬁuylud k;f ?-‘ " -l\ T \NN F‘Is'l m MC IWWC Tl(".l [BL‘MT T d(HV\W _Cy > = I bl ‘ f I I =

5 7002 | | BNNE 3  EATLAS Infernal  ¥ow  sweses s

§ © ATLAS Interal hoos  feippaagy o B0 Goemv/ia=nan' o e =

2 600 V5=8TeV,| Lot =203 1" 2z I Wy = = 305:_HHWWﬂ9\m"H\BV 1 jet DWT Eoverw -

3 ook e et %Wv Moeon 3 = = KS Prob = 26.7% o EowE o

2 . ngle — @ = Bhy - 21y e =

PUTemem B ET T OWWCER E =

i1} = w +et Qco J = . H[125 Gev] -3

400; B H[125 Gev) = 200 NJ:]. 3

300 NJ: < 150/ + =

200— = 100 -z

100 = 50 -

E ] = ——

T T T — T T = = 1.4E T T T T T T T T T T T T =

5 1 L\ 3 = AgE ¥ =

g R " e ] g L) ++++++++ ’++ 3

S os= e I I o = Qo o8t : A +¥§

06 i R i = 051 i B i
50 100 150 200 250 300 50 100 150 200 250 300

m T mieeel [Gev) m T miEl [GeV)

NF (Nj=0) = 1.22 + 0.03(stat)+ 0.10 (syst) purity ~70%
NF (Nj=1) = 1.05 + 0.05(stat)+ 0.24 (syst) purity ~45%

Systematics include X-sec, acceptance and luminosity uncertainties
Final Higgs->WW Run I Analysis, Lina Galtieri. LBNL ATLAS Meeting, 08/22/14 18
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Top Background (CR)

For Njet=0 we use a technique called JVSP (Jet Veto Survival Probability)
First use the MC to evaluate the fraction of top events in the Nj=0 sample. Then use a
data sample with at least one b-tag to estimate the probability that no additional jets
are reconstructed. Use this to correct the number obtained from MC. Obtain:
NF = 1.12 + 0.03(stat) + 0.09(syst)
For Njet=1 a JBEE (Jet b-tagging Efficiency Extrapolation is used).
Use data to evaluate the b-tagging efficiency in a 2 jet sample and use it for the NJ=1
NF = 1.06 + 0.03 + 0.04
For 2-jet a CR with M;;> 80 GeV is used

NF = 1.01 +0.03(stat) + 0.04

plied for, VA Zhy —ll, ZIy*—tt) Plot: "em+meCutTopControl_AddTrackMET/nJetsProbing_Mv1_85" (NF appliad for Other WV, W) Plat, "sm+me.CulTopGontralF Recol_Tjet o Thin/MT_TrackHWW_Cii™ 400 Plot: "CutFailVBFHighMIITopCR _2jetincl/MT. _TrackHWW, _Clj"
AU 224 2y Pt rememe CuTepContiol AGATrackETnJetsProbing MV1 65 o e e e e e i e > A I B B e
& E ATLAS Internal - Dafa 22 SM(sys & stal) & 1000—ATLAS Internal ;Dam ;SMM et} ] O Leof ATLAS Internal ;Svav‘va Ezmjij@s‘a”:
- y = L ww wz J =l _ . —
035000 g = g Tev, [ Lat = 20.3 " E}VW E;’,‘:;;VT\;F 3 e T fs=8Tev,[Ldt=203%" @  @mw 7 e E Vs=8Tev,[Ldt=203 1" Etr i EanleTop ]
- » , g - 3 =~ — WW*—sevpv/ivey +1jet [ wy [ Other v - > 300__H~>WW*4)8V}1V/}1V8\’ +2>2j Ziy =l pnadd _
30000 H>WW —evpv/pvey I Ziy =i Il 2y =T — @ 8007H_) pvip o % 7 iZ] E i ) CIws+et []aco =
= Ks Prob =0.5% E:/?wlz‘ﬁee\%l aco 3 z [ KS Prob =4.2% Elz',y, - E;f}:‘:p 2 5 E KS Prob = 18.5% — o 3
25000 — i C Ewes  [Jaco a @ 250E E
E = 600— H- I H 125 6ev) — E o =
20000 — o NJ‘I + . 200&- NJ 2 + =
15000 — 400— . 150~ =
10000 = — C B 100;— i
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5000 = r . S0E- +
S J L & E
S L DL [ = T : T — s 14F T T 1T T A
% 12E E % 1';5 . L3 = + =
] 1 L = - - * = il .—E | ,’tni.m"nv. ‘$h+,+?+§ % ; $++++ ¢+¢+¢##*# e =
8 0.8F E & os=n It ’ E 8 osf ! $14-4
0.6 T S B~ U-Gfm”.\HH\HH\‘...“..‘f 0.6 TR NI A S |
0 1 2 3 4 5 50 100 150 200 250 300 0 50 100 150 200 250 300
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W-+jets and QCD (1)
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* W+jets: one lepton from W, the other is a misidentified jet or a lepton
from hadrons decaying into a heavy quark. It passes lepton ID (see backup)
* QCD: two misindentified leptons from multijet production

Electron Fake Factors

* W+jets: Data-driven background. Estimation based on:
* WH+jets Control Sample passes all SR requirements,

except that one of the leptons fails some criteria.
* Subtract contributions of EWK processes that
give prompt or non-prompt leptons not coming
from jets (e.g. Wy, Z->11).
* Extrapolation to signal region based on the Fake
Factor obtained with a Z+jets sample
FF = passing leptons/anti-id leptons.
* Use a Z+jet sample obtained with the same trigger
* Remove contamination of all known processes
prompt (e.g. WZ) or non-prompt (Zy, Zy*) leptons
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* Apply a correction for the remaing (20%) contamination
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W+jets and QCD (2) Ry

* Sample composition uncertainties (W+jets -vs- Z+jets) are evaluated my MC

* Different flavor composition in OS and SS W+jets leads to differences in the
FF for OS and SS events

Systematic uncertainties on the electron FF vary between 19% and 61%

For the muons they vary between 25% and 46%

QCD : both leptons are misidentified o
* Use Multijet sample, same procedure as for o m——
Weijets (QEDFF
coe T @7 Jelectrons
* The QCD background is about 10% of the o e ST
W+jets one. O ol
* The systematic uncertainties are about 50%.
* Contribution to sensitivity to the Higgs is very L |
low = Oiz__ e st et QCD FF
f}ﬁk _ muons
0.05F- i ° E

Erva b i ben i b Lo i
qO 20 30 40 50 60 70 80 90 00
Muoin[Ge\/]
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Non-WW Background (SSCR)

It includes Wy, Wy*, WZ and ZZ. The v, ¥* and Z are equally likely to
produce a lepton of either charge relative to the lepton from the W.

* Assume OS=SS for di-boson background (see also backup)

Flot "CutTopoDi=hil_ Db T_ T ok T S_ O™

o

180 AW W
= ATLAS Internal S 2lEtWricsl e
1|3|:|_—E-5'rev.1 Lot = 20.3 o B WSS = Wy s

Events | & Geyf

These plots show
the comparison of
OS and SS plots
for the non-WW
processes MC
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* We use SS data in the SR, after subtracting the W+jets background, compare
it to the MC for non-WW and get a Normalization Factor. This avoids theory

uncertainties on extrapolation from CR to SR.

NF(0j) = 0.91 £ 0.07(stat) £ 0.17(syst) , NF(1j) = 0.95 + 0.12(stat) + 0.21(syst)
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Z/v*--> tau-tau (CR)

* Define CR that contain little background from other processes
« Nj=0: M) <80 GeV, A®) > 2.8 rad., Purity= 90%
« Nj=1: M <80 GeV, m;; > (Mz -25 GeV), Purity= 75%
* Nj2: M) <70 6eV, my; > (Mz -25 GeV), Purity= 70%

applied for Oth Zit Plit: err'+rr*e LrZ onr.rul I]J JMT Tmck-iWW CIj* . MF p|:| df O h _"." F'I err' rr'e C tZ Control_1jet!] MT TrackHWW_CIj" p Plot: "CutFailVBF rCR _Jjetincl/MT _ T ackHWW_CJj”
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* Good modelling in all the bins!

NF(Oj) = 1.00 + 0.02(stat) + 0.02(syst)  NF(22j) = 0.97 + 0.09(stat)
NF(1j) = 1.06 + 0.04(stat) + 0.02(syst)
Systematics from QCD scale, PDFs, modeling etc.
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All variables are well modelled
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All variables are well modelled. Went ahead and unblinded
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Result: My distributions for ggF samples

ggF samples Nj=0,1,> 2 from the paper draft (before final fit)

—

o

o
I

(e)nj=2ggF, en

400 - f (a) n;=0, ep 200 2 (b) n;= 0, ee/up

Events/ 10 GeV
3

Events/ 10 GeV
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(d) n;=1, ee/up ATLAS H—> WW+
Vs=8TeV, [Ldt=20.3fb"
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Z Exp t syst O Drell-Yan
[ Top
m ww

L jJ
0 Wy
H vV

100

Events / 10 GeV

- Q
BO 100 150 200 my(GeV) ~ BO 100 150 200 my (GeV)

Nj=0 (top 2 left plots) are for DF and SF, NJ > 2, top right
Nj=1 (bottom 2 plots) are for DF and SF
The color chart nomenclature: jj (QCD), Wj (W+jets), VV (non-WW)
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Other distributions with DATA/SM

Nj=0: M)}, M1, Etpiss. A, Pt leptons (Lead and Sublead)

ﬁ\." apoied for Oer Vv, I ¢ 1t Top, WW) Plot "ememe.CulTopeDPhil_0jawMil_zoam™ (NF apgimcioc Oer WY, 20 7 -s1n Top, WW ) Plob ememe CulTipoDPhil_OjevT TrackHvww_Cif” (NF derbb Olhe v Z0 e, Top, WW) Pl dmeme CulTopoOPhll GjowMET TrackHwWw Cf”
3 TO I T I T T I T i a % E T T T T I = g = T T T T =]
o £ ATLAS Internal b O e i 1o} - ATLAS Internal ArTen g5 SN St | o £ ATLAS Internal A ren g Ssp Bemt o
© 600 ys=gTev | Lat=203m' [mer  E = 2 "0 gogrevla=203m' e Ee = o 600F{s=gTev)lat=203m' e me —
2 = HoWw—evuviuvey +0jets Ewr  Eomerwy o % B00C HoVWY—evuviuvey + 0jets Dlwr  Eloverwy & = HoWw—evuviuvey + 0 jets Ewr  Eomorw o
& 500 ks Prob = 55.4% E = E ST = 5 C KS Prob = 34.3% E = E JaETE o 8 500 ks Prob = 28.4% E =, E ST =
& E t -l b - 2 E ty all i = ai E o all b -
= [ wsjet [ aco 3 I 500 [ gt [Jaco = = [ et [ aco -
400— W s ae) i E B 25 ce) = 400— I H 125 Bev) =
= 3 4001 ++ = = =
300 E 3g0C ’ E 300 E
2008 = 200 = 200= 3
= 100F- - 100 =
L 1 1 - E L = E - b' - L =
= q 4i' ' da T Ll T = = 14 [ T T I1 T I P = = 145" ot TTh '_"_117"7 ' &8 3
? 42E 3 2 42 - Ml 2 qzE # + l 5
o =L I TR  J = @ 1 + iy LL+I o E AL ) d 5
5 1= 4+ * = = 1 LE RS T = 1= A R . s " I =
O A B B G B B B B A P Wl LRE ) e il ol W Y (PR 1 B ot i 0.8 prrymmympmnspmres ek | | e A =

10 20 30 40 50 60 70 0 5 0 150 2 250 300 0 50 100 150 200 250
m, [GeV] myel [GeV] Efmes [GeV]
g sﬁﬂ;__y_:u |:, ?..:_- \If‘ FI\ ,I' .IHII T\;g_ :A‘\',; IP}:In_ 'Igr.:ul:g_s le:"?imlm?m! z:‘XJWIZ'I a 200&"_-114]“] "L\IDIU iTl L 4 ZI i 'I' I- '.I: | I-'—’i'\'l PI:.‘L' ;elr-‘lme ?MTOIL%DTI'EIII_ IUliﬂIﬂulﬂ%Bﬂu“ s 3 F JLU;\:PJ I‘\.‘IID:I war i“..I:: Ir : .I'. :I T.I,'.I \-'1‘1\“! Piat 'FMI\I.‘.(':II:I'O‘IJOIIJP\II! C:"illn'IE:JPI‘S‘ub:.E?II'I 5
- ATLAS Internal o g Mg = ATLAS Internal o T o 1200~ ATLAS Internal i e
o E s [idr= , Hww  Ew = g 1800—/1" [idt= , Hww  Ew - 2 s [Ldr= , Hww  Ewa .
5 500 vs=8Tev]Llat=203m" g =i = 2 t600E."" BTev.)Lat=203" i v = o - Vs=8Tev) Lat=2031" i = .
% - HwW—evuviuvey + 0 jets E Wy E Othar V' - P = H=WW—evpviuvey + 0 jets E Wy’ E Othar vy 3l % 1000— H—VWW*—svuv/uvey + 0 jets E wer' E Orhar Uy —
- _ B i Singia Top | a2 =il = Al SingeTon _— — & ity Singiz Top =
S 00 KS Prob = 48.8% Moo Wavon § 1400=KS Prob = 99.9% B W = E - KS Prob = 88.9% B Bvem O
LE C Ew-et  [Jaco ] i 12007 Ewset  [Jaco = 800_— Ewset  [Jaco o
— Wl H(725 Bav) 7 E Il H (725 Gav) = Wl H(v25 Bav) ]
300— + 4 —] 1000— — 7
- - 800 = ]
200 b E 6001 = =
A 400— = i
3 2001 = -
| = lggl i gly | .o = = Al
T = = = i T
% 14 T T E % 1457 T T T T Il t % 14 ' =
= 1 = 2 1ZE i l_ L E
o = @ Eeey o LIy X =
@ = T 1= M L B = 1 L di =
| — & o8- o 8 o.aE -1 =
0'6 : .‘ I I I.. I.. ; ...I I | I I I... i ..I ..I I I I | ‘... ; . ; .I | I I ‘.. I. - |_E 0’6 ;| i ‘ || .I I. || I : ..I | I. .I | ‘ ‘| .I I. : | I i ..‘ 0'6 ! I...I ‘ I..I I I I.. ‘.. ; | ..I. I. o ] I I...I ..I. I. .I | I... ) L ?
0 0.5 1 1.5 2 25 3 20 40 60 80 100 120 140 160 180 200 20 40 60 80 100 120 140 160 18 0

A¢5" [rad] pT faad lop [GEV] stuL.lead lag [GEV]

SublLead lepton distribution
divided in 3 bins for final fit

Final Higgs->WW Run I Analysis, Lina Galtieri. LBNL ATLAS Meeting, 08/22/14 27



Evenls { 5 GeV

Data/ SM

Events / 0.16 rad

Data / SM

Final Higgs->WW Run I Analysis,

Nj=1 Variables

M|, M1, Etpmiss, A9, Pt leptons (Lead and Sublead)

50

ﬂl IJJ m k D uW z .l n w \NV le. 91 |‘4|& Eul'I'BuJDP!“I ||8Wﬂ Lcnm
40 F T T T T T T =]
= ATLAS Internal 0w i oo
3505_ Ve=8TeV,| Ldt=203 " =:‘:\' =::2 E
300 H=oVWW—evuv/uvey + 1 Jet [ wr W oaruy A
E KS Prob = 95.1% B @ smeme 3
= 4 Wz W2y -
250— M weet  [Jaco =
E B Hvzs ae =
200— 3
150 =
100 —

1.4F e T
— =

0.8 nE* + =
0'5....|....|....|...._ G R A B S e
20 30 40 50 60 70 80 0

I|"nll [GEV]

%c} I-u[uO I. v"- z ,I' ul Top, JH Pl:lnl am* ns C.ll'IT.uDPhrl I||‘!.IfDPIn|I zamnzl

C ATLAS Internal *”““ #7 SMisys © sty
250_—r-aTev.ILdl-2o,3rb‘ =\;:V =::2 3
E H=-Ww—evuviuvey + 1 jet E\Nv E Cthar .

E i Singia Top 5

o0 KS Prob =78.8% Wz WZvon  —
= [ wset ] aco 7

C Il Hiv2s Ge 7

Events / 10 Ge\!

Data/ SM

Events /10 GeY

Data ¥ SM

S, 2y Top, W PIaL

o730

e CUTLgoDPHIL1jaulT TiackHend Cif

ATLAS Intemal
Vs=8Tev. ) Ldt=203m"

250—
E H=WwW*—evuv/uvey + 1 jet
200:_ KS Prob = 57.7%
150 +
100
50—

- Data == EM {sys © staty —|
I ww Wz

Nz Wy

3w I othar vy

st [ Singi= Top
Wz Wy

[ st [Jaco

B 725 cevy

—

0.8
0.6

L!Illllll III|III|I

n
(=]

T

250
mgar_k{u [GEV]

applied Tor Othar VU, Z' v* i1
Fol e e

TL —’.’\ P|L.L sm—-u\a CMTONDFIJII 1jetienPiiead”
T L T

T ]
= ATLAS Internal HOEn g5 S Bent
EUU—\F BTev.[Ldt=2031" mur  Ew —
E H=WwW—evuv/uvey + 1 jet E\Nv' E Ot Vi -
500— if SingaTon  —
I KS Prob = 99.2% Wz Wz =
= [ weet  [Jaco .
400— W [:25 Gav] =
300— —
200— —
: 1 + | + L L |:
T T T T =
ﬂ_ 1 + *
(S L4 f
U'a;l - 5 | .I || ; I..I | X s .I.. Il .I. | ..I I..I i : ..I | I...I .I.. I..I ..I. || F
20 80 100 120 140 160 180 200
I’:)T,Ienanl lag [GBV]

Lina Galtieri. LBNL ATLAS Meeting, 08/22/14

Ty
.-,\
reererr| |

BERKELEY LAR

(NF apg fah e v Z0 pete, Top, WK Plot. "gmeme: CulTopeDPHl_TjeuMET TrackHWIAL CI*
Z B T B L N A A IR A L B TR
-  Dala =5 SM{sys © stat) |
o 150__ATLAS Internal C mes  m =
o = Vs=8TeV.)Ldt=2031" msz  mw E
2 140 HoWw*—evpviuvey + 1 et E W' E otheriy
E & i SingaTon
E 120 KS Prob = 57.2% Bz 2o =
w E [weet  [Jaco 7
100— W 2 ey B
80— —
60— =
40— —
20 =
s 14 R e
o =
s 2wt 1+++++ I
& naE '+ U ;
Bt B A
0 V] 50 100 150 200 250
Eresl
Tmlss [GEV]
- gmu_(:d ;‘-I uUF W, 2 r'l :I Tap. \-J‘\‘I P!TI e-lrwlunla CIITODO?PI‘!II |ﬁlﬂE|JP Sub:.&ﬁﬂ |:
15} 450 ATLAS Intemal ; i:‘: ; :::""‘ =
2 pE = 8Tev.|Ldt=2030" s  mw =
2 00=- E HowWw'—evuv/uvey + 1 jet E wr' E omerwy
= = o Singie Top e
% 3501="KS Prob = 92.9% Wz W Zvon =
300 [Owse [Jaco —
= W 2 ey =
2505 =
2003 =
1508 =
1 PR il i Il ik E
g 1'4;_||__| T |_.| TIT'TI' \ LLIILL
Fai' 1 ‘2:_ - . + W, g T — _:
g bt -
: 1P +Tr | s
0'6 __ I i ..I .I. || I " I...I | I.. : | \ ez sag " I__
20 40 60 80 100 120 140 160 200
Ilj’T,:,quh(aatl lag: [G

SublLead lepton distribution
divided in 3 bins for final fit s



The final fit divides the SR into two M bins (10-30 and 30-55)
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Nj=0, 3 P+ bins: M (top), Mt (bottom)

The final fit divides the data into 3 bins in SubLead lepton PT
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Final Higgs->WW Run I Analysis, Lina Galtieri. LBNL ATLAS Meeting, 08/22/14 30



Evenls / 5 Gel/

Data / SM

Events / 10 GeV

Data / SM

Final Higgs->WW Run I Analysis, Lina Galtieri. LBNL ATLAS Meeting, 08/22/14

Nj=1 3 PT bins: M), Mt

10 < Pp < 15

?G \’ .p..l\.d I'n. C I-v \ Z-’ et 'I'uu WH Ph:.i ununec.umm rwh.\.l mm
C T T 1
- ATLAS Intemal 4 2 SN s © s
607 vs=8Tev.  Lot=203m" g or m =
- = Wz [ =
= HosWw —evuviuvey + 1 jet Ewr I ormarvy -
50— Ot Ml singaTon  —
- A fan. = BN 5% Wz - o =
- [ et [ aco -
40— B 25 Gey =
i 1 L 1 |:
W | ST T A Tl I i | FAI LT =
=S . I 3
0.8 1 2
e o e i T B A R
1 30
II"ﬂll [GEV]
-N-‘-ﬂrﬁeihi.: e .2+ | s, T, W) Tlﬁ;'al:.or?s.clulﬁ:zacln,'_ljjsa:'mt__rrrwliwr'-_?Ji'I =
C ATLAS Internal T #7 Shhjays ® sut) 7
60 ys=gTev | =203 R Mz —
e = ; T [ =7 o O =
C H=VWwW —evuv/uvey + 1 et Owr I orar vy -
50— B O Ml singsTon —
= KS Prob = 60.9% Wz W2z -
~ [ weet  [Jaco 3
40 = W 725 Gavy =]
30— =
20— —
10 =
1.4 ;_ ..... 'T L =
1.2 i
1E
0.8
0EE Bt et
50 100 150 200 250 300

=l [Gev)

Evenls / 5 GeV

Data / SM

Events / 10 Gey

Data / SM

80

7O

70—

60
50
40
30
20
10

O

15<PT<20

INF q.l..ll.d h. C I-v WV, Z-’ ot Tuu qu' F‘|c.| u‘n&neCulﬁﬁrm rs.ll.ll
T T il TTT ]
= ATLAS Intemal  ¥om = s esm
= J’ 1 I - wz _:
= fs=8Tev.Lldt=2031" |, W 3
= HsWwW —sevuviuvey + 1 jet [ wy W omerwy
= B s [ Sing= Top =]
= K5 Prob = 49.0% Wz W Zon =
=5 [ et [ aco —
E W Hiv2s cev) =
il ' | L | |:
E el el | EMT ST P =
= =
:_II e I : ..I I.. II I. ; ..I I II .I.. I..I I I...I ..I I..I I II ..I I I...I .I.. : I ..I. I...II_:
20 30 60
I|"'nll [GEV]
INF .E_de:r.; Qi 2 | s, T WV Tkﬁi 'almn;ls.tl.ulF:iacli.J__ljjs(sl'M'l'l__Tr:ldt!i\f\'r'l_(I.‘.li' .
= ATLAS Internal  #om o SMims s D
o Eww W vz
s=8Tev. | Ldt=203" g i
H—VWW*—evpv/uvey + 1 et [ wy I omarvy
a = B [ Singi= Ton
KS Prob = 64.1% — R ol
[ et [ aco
W Hiv26 cev)

50 100

b
150

e
200

250
my! [GeV]

300

Evenls / 5 GeV

Data / SM

Events / 10 GeY

Data / SM

300

Pr > 20

Ty
.-,\
reererr| |

BERKELEY LAR

250

200

150

100

50

_.moo_.m-h.

INF apatied Tor Otrer Vv, Z/
e

180

160
140
120
100

[ R = R =<
L= I~ N~ B =

—

\’.p..ll.dl'u Clv WV, Z" it Tu.l WG Plot; sm&-llel:nmm rﬂ.ll.\l zogm"
T oA T B A e
C ATLAS Intemal ome g5 SMiys @emt
 Eww vz
= Vs=6Tev Ldt=203 — P
E HeWW sevpviuvey + 1jet Mwy [ omerwr
C 5 [ [ singi= Ton
KS Prob = 86.2% Wz o
[ weet [Jaco
W Hiv2s ey

N

1

0

EIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
30405660 7080

60

II"nll [GE\/]

~ ATLAS Internal

C ye=8Tev.| Ldt =203 1"
H—sWW*—evuviuvey = 1 jet
KS Prob = 41.7%

+ ~

F e, Ton, WG Plot: "enmiénie CulFReced_TjesMT_TrachHWn Sl
Al i o e T

# Daln = G isys © stat]
I ww vz

Wz Wy

= wer’ B oar
(B [ Singiz Ton
Wz 2y

[ weet  [Jaco

W H25 ey

oo b

oo

—|'|'I'I'I'|'I'|'I"|TI'|'I'I'I'|'I'! III|III|III|III|III|III||I||II

n
=

150

200

250 300
m‘;a““" [GeV]

31



Ny

f A\
reererr| |

Fit Model (very simplified!)

Likelihood includes many terms:
- Poisson for a given signal region i in bin b of the my distrib: (N. )

» Poisson for a CR for background k: N,

* Gaussian constraints for the systematic uncertainties affecting
the signal and background yields
* Poison term for each sample, for the observed result to take the
value from the fit.

SR 1n categories 7 Data sample in bins b
The variable used in the fit @ me ® Pf?
IS m._, CXCZPT for VBF where 7;=0, ey category mr  ®@[10,30,55] @ [10, 15, 20, ]
T . n; =0, ee/ mr  ®[12,55]  ®[10, 0]
the BDT score is used. The n;=1. ¢ mr  ®][10,30,55] ®[10, 15,20, o0
. ny =1, ee/pp mt  ® [12,55] ® [10, oo]
humber of bins chosen n; > 2 gl ep mt  ® [10,55] ® [10, oo]
depend on the statistics ng 22 VBE, en  Oppr @[10,50] @10, o0]
nj > 2 \rBF {-_?6/,(1._,{;. OppT ® [12*_ 50} 0 [1[]= OC]

available on each sample

P_, is the SublLead lepton P_

T2
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Fit Results

* The aim of the fit is to measure
w: the signal strength
Zo: the significance in unit of Standard Deviations

* The number of signal events and background events, the
NF's, the systematic uncertainties etc. are nuisance
parameters (~250 of them) to be determined by the fit

* Plots of mt after the fit are shown below

> 400 CT T T T T T T T T T T T T T T T T ] % CT 17 T L L L B B I %J 1407 L L B L ) L B B B BN
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* Plots are not very different from those shown earlier
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Results (1) !

2012 VBF BDT
2012 ggF0r1j | 2012gF2i | 2011 gaF0Mj | oo | 2011 VBF BDT m

Zexp

current 4.33 1.19 1.68 2.38/2.96 1.08 5.64
unblind 4.88 144 182 3.63/4.06 -0.93 6.53
ans
current 4.65 1.49 1.07 3.68/4 12 -0.92 6.07
unblind 1.18 1.22 099 I 1.58/1.41 I -0.65 1.17+0.24/-0.22
current 1.15 1.25 0.64 I 1.60/1.41 I -0.65 1.10+0.23/-0.21
Obs Exp

n 1.10+0.23/—0.21 1.00 + 0.22/—0.20

n'—'-ll:l:l'" TrrrTT T TR R R E LN LN BN B LI ILLELELE B
= “EATLAS Intemal = B ATLAS Internal BT Tel |Ldi=d7m"
- B F Ho WA kb l8=3Tev, JLdl=207 1
AR
-_|:.-|- w
= —— Ohs. Bast fit
2 % = 2 ifu)=1
: = -— Exp. m_= 125 Gey
der w — 2n ki)t
3 e
5 — g
10° SARE =5 UPMEIPY. 1Y, SV [
1" ; "
IUI1 I;I Ir'
107116120 130 140 150 180 170 180 180 200°
m, [Gel] m, [Geal]
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Uncertainties after the fit
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Observed n—=1.11 Observed pgr =1.02 Observed pypr = 1.33
Source Error Plot of error Error Plot of error Error Plot of error
+ —  (scaled by 100) - —  (scaled by 100) - —  (scaled by 100)
Data statistics 0.16 0.16 —— 0.19 0.19 —— 0.47 0.42 ——
Signal regions 0.13 0.13 —(— 0.15 0.14 S—— 0.40 0.37 —t—
Profiled control regions 0.10 0.10 —— 0.12 0.12 e 0.22 0.19 o
Profiled signal regions - - - 0.03 0.03 - 0.10 0.08 i
MC statistics 0.04 0.04 - 0.06 0.06 e 0.05 0.05 *
Theoretical systematics 0.14 0.12 —(— 0.18 0.15 —— 0.25 0.17 —
Signal H - WW"* B 0.05 0.04 = 0.05 0.04 - 0.07 0.04 -
Signal ggF normalization 0.07 0.06 w—— 0.10 0.07 —— 0.03 0.03 .
Signal ggF acceptancce 0.05 0.04 - 0.07 0.05 —p— 0.08 0.08 -
Signal VBF normalization 0.01 0.01 ¥ - - - 0.07 0.04 =
Signal VBF acceptancee 0.02 0.02 . - - - 0.18 0.10 e
Background WW 0.06 0.06 —— 0.08 0.08 e 0.08 0.07 -
Background top quark 0.03 0.03 b 0.03 0.03 - 0.06 0.06 -
Background misid. factor 0.05 0.05 e 0.07 0.07 e 0.02 0.02 t
Others 0.02 0.02 * 0.02 0.02 +* 0.03 0.02 b
Experimental systematics 0.07 0.06 m—— 0.08 0.08 e 0.19 0.14 e
Background misid. factor 0.03 0.03 i 0.04 0.04 - 0.02 0.01 }
Bkg. Z /4" —ee, ppinn, <1 0.02 0.02 - 0.03 0.03 - 0.01 0.01 |
Muons and electrons 0.04 0.04 = 0.05 0.04 - 0.03 0.02 b
MET quantities 0.02 0.02 " 0.02 0.02 L 0.05 0.05 *
Jets 0.03 0.02 o 0.03 0.02 L 0.16 0.11 e
Others 0.03 0.02 - 0.03 0.03 - 0.07 0.06 =
Integrated luminosity 0.03 0.03 == 0.03 0.02 = 0.06 0.03 *
Total 0.23 0.21  —— 0.28 0.26  ——— 0.56 0.48  e———
[ | | | 1 I T T T 1 I T T T 1
-30-15 0 15 30 -30-15 0 15 3 -60-30 0 30 60
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Results(2)
Combined Results at my = 125 GeV

ggF Obs (Exp) VBF Obs (Exp)
Z0 4.26 (4.42) Z0 3.26 (2.43)
L 1.01 + 0.29/-0.25 1l 1.34 + 0.57/-0.48

8 TeV XS 4.7 + 0.8(stat) XS 0.53 + 0.16(stat) +
+ 0.8(sys) pb 0.10(sys) pb

% E R s IE {: HLL -_l LN LI DL DL Ié"n' T ';il LI L ': -{‘1
L o4b ATLAS Internal o —[14 £ 450 ATLAS Internal | 1 1 14 =
= E ......................... E B ' E : i ] N I
35E e . : 12 sE ‘ 1 412
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s S s ,,‘H\ k 10 250 i | 4 10
T - A P 2 |\
2__ ' "‘5.‘ _: 6 - :j .u-'.ir “‘x _.‘ 6

155 1 - 158 | eal BE
1 , i 3 14 1= _,-" .91}"; S d 4
S E - i A
0.5E M Tl e a4 =G 0.5 e 3P
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005 1 15 2 25 0 0002 04 06 08 1 12 14 ©
ggf
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Summary S

Preliminary |

* The H-->WW analysis is close to P N =

completion. Paper to go out to the 3;“ EN i
collaboration in a few weeks 22— £ A
* Lots of improvements over the N & E
previously published results: Of,:: _2

significance went from 3.8 to 6.1 semEmE e,

The new banana plot
* The addition of the lowpT bin in the
analysis has improved the plot on the
left considerably.

* The paper will include an Higgs cross
section measurement, as well as a

fiducial cross section measurement
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H->WW->lvlv: Low Sublead PT !

BACKUP
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Changes to leptons, jets and MET !
1. Added dilepton trigger + reduced the Leading lepton PT to 22
GeV/c; efficiency went up by a factor 3.4 (em), 3.3 (me)
2. Lepton PT 10-25 GeV: used the Very Tight LH for the electrons
PT>25: Cut based Medium++ with CBL (conv. bit and B layer)
3. Reoptimized isolation, dOsig and Z0sin© (more stringent cuts)
Bottom line after 1,2,3
Total efficiency up by 1.03, background down by 0.83
4. Reoptimized muons as well: change not significant

5. Changed jets from EM to LC for consistency between the
tagging jets and those used for MET calculation. Reoptimized PT and

JVF cuts to 25/30/0.5 (central/forward/JVF).
2% Pileup migration, small wrt theoretical uncertainties

6. MET update : switch to Jet Corrected Track MET due to better

M+ resolution and 8% improvement in significance.
Final Higgs->WW Run I Analysis, Lina Galtieri. LBNL ATLAS Meeting, 08/22/14 39



Objects iy

Triggers: single and dilepton (ee,uu, ep),
Electron PID: VTLH for pT < 25 GeV, Medium++ with b-layer and
conversion bit for pT > 25 GeV,
Muons: staco combined
Jets: LC calibration, pT > 25=30 GeV (central/fwd), |TVF| >0.5 for
pT <50 GeV and |n < 2.4,
b-tagging: MV1 85% OP, pT > 20 GeV.

Most prominent differences since Moriond "13:
Single --> single+dilepton triggers,
cut-based --> likelihood electron identification,
EM jets --> LC calibration,
Calo-Etmiss --> trk-Etmiss
lepton pT 15/25 GeV --> 10/22 GeV.
3 PT bins: 10-15, 15-20, > 20 GeV/c
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Lepton Identification
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BERKELEY LAR

Ey calo. 1solation track 1solation 1mpact
(GeV) electron ID topoEtConeCor Ptcone parameters
10-15 (is0(0.3))/E7 < 020 (iso(0.4))/Er < 0.06
15-20 | Very Tight LH | (iso(0. r < 0.2 180(0. .
. ery Tig (150(0.3))/E7 4 (150(0.3))/Er < 0.08 doforg, < 3.0,
- - ) . Zp Si 0.
Medium++ | (150(0.3))/Ey <028 (is0(0.3))/Ey < 0.10 | 2S¢ <04 mm
> 25 1 Ty o
with “CBL

Table 8: Electron selection as a function of E7. “CBL” refers to the conversion flag and b-layer hit

requirements extended to all .

Use of the electron likelihood ID, helped a lot!

pT calo. isolation track isolation impact
(GeV) EtConeCor Ptcone parameters
10-15 | (1s0(0.3))/pr < 0.06 | (iso(0.4))/E+ < 0.06

15-20 | (is0(0.3))/pr < 0.12 | (is0(0.3))/ET < 0.08 | do/og4, < 3.0,
20-25 | (1s0(0.3))/pr <0.18 | . zosinf < 1.0 mm
735 | (150(03))/ pr <030 | 180(03)/Er <0.12

Table 10: Muon selection as a function of py.
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Changes

METRelFinal to TrackMET

ET™ Mean RMS Integral of tail
jet-corrected Track E;™ || 0.020  1.37 23.41
Track ET™ 0.13 1.80 39.86
Calo 0.05 1.50 28.34
STVF 0.021 1.47 27.17

MET - true MET in 1J, x-direction
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Non-WWBackground

* Assumes OS=SS for di-boson background. Confirmed below from
MC prediction in OS (dots) and SS (colored histograms)
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WW Extrapolation Systematics

sub-{ pr a; Scale Parton-shower  Matching EWK-Corr PDFs | Total
[10 — 15] ug}F (SR1) | 0.73 + (.59 2.2+ 029 0.44 + (0.4 1.2 +0.33 0.96 2.8
GeV u{f}l’ (SR2) | 0.69 + 0.63 1.5 +0.3 049 +041 082+034 079 2.1
[15 —20] a}}f (SR1) | 1.2 +£0.53 1.7 £ 0.26 0.9 + 0.36 0.69 + (0.3 0.79 2.6
GeV a{}’f (SR2) | 0.83 £ 0.46 1+0.23 1+032 0.47 £0.26  0.68 2
(20) aft (SR1) | 0.72 +0.41 ~1.9+02 3.1 =028 —025+0.23 0.61 3.8
GeV a;}jlf (SR2) | 0.76 £0.29  -2.4+0.14 39+0.2 —-04+0.16 067 | 48
[10,) ngl' (SR) | 077 +023 —1.2+0.12 24+0.16 0.14+0.13 .1 2.9
GeV a{ff (VR) | 0.59 +0.26 4.3 +0.13 -5.1+0.17 1.6 +0.14 1.6 7
aﬁjF (VR) | 0.59 £ 0.26 431+0.13 ~5.1x+0.17 1.6 £0.14 2.2 7
1-Jet
sub-¢ pyp ; Scale Parton-shower  Matching EWK-Corr PDFs | Total
[10—15] | @PF(SR1) | 3.1 1.1 —24+054 —34+074 —-085+06 055 | 54
GeV apF (SR2) 32+ 1 —2+05 19+068 —09+056 055 | 4.5
[15-20] | oF (SR1) 1.6 + 1 —3+05 07+07 —15+057 048 | 3.9
GeV o) (SR2) | 1.5+0.83 —3+0.41 24+056 —1.6+046 045 | 4.5
[20) ol (SR1) 1 +0.7 —3.6=+0.33 53+046 —28+038 062 | 7.1
GeV w'f;F (SR2) | 1.3+0.48 -3.1+0.23 56+032 -27+026 062 | 7.1
[10.) af (SR) | 0.81 +038 -2.3+0.18 38+025 -2.1+021 086 | 5.1
GeV

Table 25: Scale, PDF, parton-shower/underlying-event, and matching uncertainties on the WW extrapo-
lation parameters « for the NLO gq, g — WW processes. The row-to-row correlations in the parton-
shower and matching uncertainties are shown explicitly by including the signed difference in the com-
parison. The statistical uncertainty is folded into the systematic uncertainty when the latter is less than
the former.
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W+jets Uncertainties

Table 20: Summary of systematic uncertainties (quoted as percentages) on the Z + jets fake factor mea-
surement. Same-sign and opposite-sign uncertainties are quoted separately because the correction factor
uncertainties differ. For the correction factor uncertainties. the statistical. correlated systematic. and
uncorrelated systematic components quoted in Table 19 are summed in quadrature.

eleCtI'UIlS muons
COIT. COIT.
stat.  EW syst. factor total | stat. EW syst. factor total
20 29 (0S) 22 25 (0S)
10 < pr < 15 18 11 25 32 (SS) 10 3 35 37 (SS)
20 44 (0S) 22 29 (0S)
5 20| 3 | 5
15 <pr <201 34 9 55 468 | 18 35 40(SS)
20 61(0S) 22 37(0S)
0 < ppr<25| 52 75 D) g 9 $
<Pr < 25 63(SS) 35 46 (SS)
20 43 (0S) 2 46 (0S)
5 3 3 3 )
pr > 2 y 2 5 4s(ss) | 1 35 53(SS)
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S/ Uncertainties on Signal and Background
;

TABLE XIX. Leading uncertainties on yields (in %) for the
signal and cumulative background processes in the 8 TeV anal-
ysis. Entries marked with “-7 show that the corresponding
uncertainties either do not apply or are lower than 2.5% and
1% for the signal and background processes, respectively.

Svst -..‘,Fi C M = T = | n. > n.: =>°¢ 1 . 1 ‘
Systematic source nj=0 mnj=1 n; 22 n;>2 Systematic source nj=0 n;j=1 n;>2 n;>2

gel VBF gel VBF

Uncertainties on Ngig

goF signal n; =0 eff. scale 9.6 16.8  14.7 Uncertainties on Npig

ool signal n; =1 eff. scale _ 13.0 16.0 ) W W theoretical model 1.9 1.7 2.7 3.4
é;]@t ililCl. {:‘,{:‘,F Sigl‘lﬂl scale _ _ _ 12.9 V'V theoretical model 0.7 1.8 2.5 1.1
3-jet incl. ggF signal scale - - - 3.1 P_DF, model , 0": o 1.3 0.9
Inclusive goF signal scale 73 6.3 5.5 ] tt /Wt theoretical model 0.6 0.7 11.9 ‘3'3
H— WW* branch. frac. 43 43 43 43 77T model Ly s b
gol acceptance model 4.1 3.8 4.3 4.1 recoil E_‘ crency 1: . i
VBF acceptance model - - 0.6 5.5 Wtjets fake fa.ct?r \ 22 L5 28 0.9
PDF model 34 79 L7 26 Jet energy scale & 1‘esol"11 21 3.2 3.4 20:5
. . ) Electron ID, scale, resol'n 1.3 1.3 1.3 1.0
Luminosity ' . 28 2'§ %éf 2.8 Muon ID, scale, resol’n 0.7 0.9 0.8 1.5
Jet_en(erpj;};)scale & resol'n 6.1 3.7 7.5 6.1 P?-lss(nojet) seale & resolution - ) ) 6.9
PO geale & resol’n 1.3 2.9 - 1.2 ' e o i ) ) ) - .
Light- and c-jet mistag - 1.8 3.6 1.5 gil;i Lf; ECEST 0.7 0.6 . ;g
QCD estimate - - 2.3 1.1
b-tagging efficiency - 2.6 6.3 2.4
Light- and c-jet mistag - 1.3 2.7 1.4
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