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Overview:

Main Diagram:
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Please see CMS twiki for details

Gluon fusion
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= Largest BR for My >140 GeV
» Contributes significantly down to 125 GeV

= Workhorse channel at the Tevatron and at the LHC
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’C(mparing sub-channels:

Highest signal yield in most
of the Higgs mass range
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ﬁoton channel:

* Signature:

e Two -high p; leptons
and large MET

e No reconstructed mass- 1 Pr=32 Ge

peak

* No peak:

« Count events with signal
—like kinematics

« Need to know how many
of them are not signal

« Its all about backgrounds

H->WW-=euvv candid

Jindariani, Chicago Workshop on LH
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Backgrounds®

*“Relative importance depends on My
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Non-resonant WW is the most
/ § important PHYSICS BG
— «Looks a lot like signal

e But produced at 10x larger rate

*
BaCkgl‘OllndS e Reduced by requiring small d(Pu

*“Relative importance depends on My
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Non-resonant WW is the most
/ important PHYSICS BG
_ «Looks a lot like signal

e But produced at 10x larger rate

*
BaCkgl‘OllndS e Reduced by requiring small d(Pu

W+ijets:

e Most important
INSTUMENTAL BG

« Jet is wrongly
identified as an

electron or muon

e Require 2 well
identified and isolated
leptons
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Non-resonant WW is the most
important PHYSICS BG

«Looks a lot like signal

e But produced at 10x larger rate

*
Backgrounds « Reduced by requiring small dg,,

W+ijets:

e Most important
INSTUMENTAL BG

W+gamma o Jet is wrongly
identified as an

e Electron from photon electron or muon

conversion

e Require 2 well
identified and isolated
leptons

e Rejected using
conversion veto

*“Relative importance depends on My
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Non-resonant WW is the most

/ important PHYSICS BG
«Looks a lot like signal

e But produced at 10x larger rate

*
Backgrounds « Reduced by requiring small dg,,

W+ijets:

UG e Most important
e Z-peak and no INSTUMENTAL BG

real MET ,
W+gamma o Jet is wrongly
e Rejected using identified as an
Z-peak veto and » Electron from photon electron or muon

: conversion
PLESEEEE B e Require 2 well

identified and isolated
leptons

e Rejected using
conversion veto

*“Relative importance depends on My
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Non-resonant WW is the most
Dibosons (WZ+ZZ): important PHYSICS BG

. Z-peak veto «Looks a lot like signal

e But produced at 10x larger rate

*
Backgrounds « Reduced by requiring small dg,

W+ijets:

UG e Most important
e Z-peak and no INSTUMENTAL BG

real MET ,
W+gamma o Jet is wrongly
e Rejected using identified as an
Z-peak veto and » Electron from photon electron or muon

: conversion
Plie) R HE e Require 2 well

identified and isolated
leptons

e Rejected using
conversion veto

*“Relative importance depends on My
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Dibosons (WZ+ZZ): B °2 jets from b-quarks  mmm important PHYSICS BG

« classify events in N «Looks a lot like signal

jets

« anti b-tagging e But produced at 10x larger rate

o Z-peak veto

*
Backgrounds « Reduced by requiring small dg,

top

W+ijets:

UG e Most important
e Z-peak and no INSTUMENTAL BG

real MET ,
W+gamma o Jet is wrongly
e Rejected using identified as an
Z-peak veto and » Electron from photon electron or muon

: conversion
Plie) R HE e Require 2 well

identified and isolated
leptons

e Rejected using
conversion veto

*“Relative importance depends on My
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Control
B-tagged events

region
W+jets
Control
Region WW Control
Region
A X-section

Same-Sign Control
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Pre- Tighter Selection

selection
region

W+gamma
Control region

Drell-Yan

Control
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Tail-to-peak ratio
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ﬁg?q Extraction:

95 % CL limit on o/og,

/

* Opposite flavor channels have higher sensitivity -
take advantage of shape information

* Same-flavor states - large fake MET in high PU

e Suffers from large systematic uncertainties

e Cut and count there

P _ -1
. CMS preliminary L=12.1 fb™ (8TeV) 0—]ets 1—]ets Z-JEtS
—@— DF 0Ojet cut-based
0 —@— DF 1jet cut-based
F —@— DF 2jet cut-based

g —@— SF 0Ojet cut-based
- SF 1jet cut-based N
7 —8- SFaetauthused Different  2D-shape 2D-shape cut-and
- —@— All channels combined
Flavor count
Same cut- and cut- and cut- and
_________________________________ Flavor count count count
91;)l — l115l = l120l — l125l = l130I = l135I — I140
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mcount

\

m | w}{ w- | o | Z"/"f :zgz{ , Top Wijets | Wyl | allbkg | data
0-jet category ey final state
12(0) 240473 1A7 L 14 514 N8 RALDDN AR 14 7?1 L R R 27 1L 9% IRE
125 58 £ 12 203 =19 6.6 0.6 11.0+£25 44 +16 256 £9.5 291 + 27 349
130 | 8618 | 226 =21 7.1 0.7 122X 28 717 | 2710 319 £ 29 | 388
160 238 £ 51 125 +12 3.7+04 131+3.1 59+27 26+15 160 £ 13 197
200 95 +21 204 £ 19 6.3+£0.6 289+ 6.4 7.7+3.5 1.34+09 278 +21 309
400 40 £11 133 £15 6.2 0.7 50+11 76+33 35+21 200 £ 19 198
600 6.6 £23 422 +48 25+£03 165+ 3.8 44420 24418 679+ 6.7 64
0O-jet category ee/uu final state
12() 208 445 108 410 4R -+ 14 249 411 24549173 5841728 191 420 209
125 | 37.0+8.0 140 £13 59 +18 52+13 30+11 6.7 +28 241 4+ 25 266
T30 57 £ 12 162 = I5 67 £ 20 6.2 L I.5 3011 7.7 £ 3.1 273 L 28 | 295
160 209 £ 45 107 £ 10 176174 70£17 52427 12407 138 +13 161
200 77 £17 177 £ 16 19.6 £ 4.2 2194+ 49 9.0+41 1.84+09 230+ 18 249
400 | 34.0+£9.2 117 £13 3416 4014+87 | 44124 344+11 230 £ 25 180
600 57+20 382444 4804 116 +27 18+13 50£21 61.3 157 61
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“Shape analysis:
* 2D [M;,M,]

e Allows good discriminations against WW and W+jets

40 40
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hape analysis (0-jets):

* Plot (data-Background) in 2D
e Can also unroll into a 1D | My = 125 GeV | CMS preliminary Vs = 8TeV, L =12.1fb
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hape analysis (1-jet):

* Same plots but for events

Wlth 1 jet | M, =125 GeV | CMS preliminary {s =8TeV,L=12.1fb "
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“Putting everything together:
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utting everything together:

8 TeV only 7+8 TeV
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--- median expected £
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Sizable excess can be seen in both plots
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m of the excess:
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m of the exce
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CMS preliminary, / Ldt=12.0 fb fs=8TeV

> - WWwWZ
— 0 = lNﬂetS
. (0]
;2000 - mEItijet -
c | Z+jets :
Sin Ie lepton : 5
u>.|1500 — H(300)x10
* Sensitive in the region mH=[200,600] 1000 '
GeV
e Event selection - single lepton and 2
or 3 jets
3 ] , . . 050 100 150 200
e Kinematic fit with constraints m; (GeV)
. M(lnu)zMW S CMS preliminary, f Ldt= 120fb1 s =8TeV
A e\ O - DWWNVZ
M(jj)=My, (M 600 =¥(\)/;J?ts _
e Allows for reconstruction of Higgs a | el
mass S Z o
Lﬁ “““ bkg. syst. _|

* my-dependent angular likelihood
discriminant to optimize W+jets
rejection
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Gexcluded / GSM

Single-lepton :

8 TeV only 7+8 TeV

5 CMS preliminary [ Ldt=12.0 fb'(u)/11.9 fb'(e) 1s=8TeV 5 CMS preliminary [ L dt=17.0 fo'(u)/16.9 fb'(e) (s = 7TeV/8TeV
S ' '—— 95% C.L. Observed Limit ! e 5 S ' —— 95% C.L. Observed Limit ! e
T 95% C.L. Expected Limit ... T O e 95% C.L. Expected Limit................... T
= [ +1o Expected Limit 3 \_c - [ +1o Expected Limit 3
] — [ ] 20 Expected Limit s = 3 /) — [ 1 #20 Expected Limit .o -
C ] = - .
T ——— = % T =
- = © - -
3 :_ ................................................................................................................................................. _:
25 ;_ ................................................................................................................................................. _;

| I T - I 1111 | 111 | L1 11 | 111 I 1111 I 1111 I | - I | I T - | 1l 1
950 200 250 300 350 400 450 500 550 600 ?50 200 250 300 350 400 450 500 550 600
M, (GeV) M, (GeV)

Exclusion range: 215-490 and 525-600 GeV at 95%
confidence level.
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Conclusions:
H->WW is a very important part of CMS’s Higgs program

 Large signal yield (though no mass resolution)
e can contribute to spin/parity measurement

CMS has updated both single-lepton and di-lepton
channels w1th 12 tb? of 8 TeV luminosity

 large masses are excluded at 95% C.L.
* 3.10 excess at small masses (with 4.16 expected)

First observation of Higgs-like boson in WW mode at CMS
e Signal strength consistent with the predictions
e Another round goes to the Standard Model
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’C{mparing sub-channels:

o x BR [pb]
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ﬂpton channel:

* DY dominated sample — Z-veto and MET =
are crucial [resolution at high PU!!!] -

| CANS

e use combination of MET, tracker-MET, ——
dilepton recoil to distinguish signal from DY —  — =

with fake MET =
210° i CMSNs=7TeV,L_ =155 fb' e Top dominated sample:
qJ m
5105 D%\?ﬁ%o) — WW * Jet counting + b-tagging [low
m WHjets : : :
= mistag rate is crucial]
- -tzoﬁets e Verify modeling in events with at
s Sww least one b-tag
10° ¢ .
] '_|_|_ e WW dominated sample:
10%E _ e Kinematic cuts to explore scalar
- == feature of Higgs
0g, | e Measure WW x-section

1o}

7‘20[/[ ’77// cut m

4
r cufs q)// Cuy

hop on LHC Physics'12 37

P2 KMis, Z

Jet T
s Ve Ve 1 o)
r AE‘O/,?) cypg Slo oty b.,agr ut



M- for event with M;<50

200
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-~ WW selection yields:
 [data[totbkg. |WW _|ttbarttw

O-jet bin 4450 4233 + 220 3146 £ 192 417 £ 45
1-jet bin 30583 2899 + 162 976 + 111 1369 £ 56
2-jet bin 3148 3229 + 137 473 +21 1865 100

S WetsWaszzayl | Wargamma®

O-jetbin 334 +91 1181 +7.1 128+21 8922
1-jetbin 288 +83 88.6+5.3 131+28 46+ 12
2-jetbin 220+58 51.2+35 579+70 413+3.9
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Selection cuts:
‘Selection units] oo |on

pT™aX [GeVi/c] 20 20
pTMiIN [GeVic] 10 10
third lepton veto applied applied
opposite-sign requirement applied applied
mil [GeV/c?] 12 12
projected MET [GeV] (**) 45 (*) 20
Z mass veto applied e
Ap(I-jet™) [dg ] 165() -
top veto applied applied
pT! [GeVic] 45 45

Jindariani, Chicago Workshop on LHC Physics'12

[GeV/c?] [GeVic] [GeVic] [Gev/c? dg.

120
125
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100
90

60

100
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175
175

mH__prex |pron [mil | Agil mT

[GeV/c?]
[80,120]
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HWW Yields:

H

WZ+ 727

myy L WHW . Vslfw +Z/y s £ Top W + jets W'y(') all bkg. data
0-jet category ey final state
120 | 34073 162 £ 16 53+£0.5 8.6 +2.0 38+14 | 231488 | 237423 | 285
125 58 12 203 =19 6.6 = 0.6 11.0+25 44416 | 256+95 | 291427 | 349
130 86 + 18 226 +21 7.1+0.7 122428 47 +£17 27 +10 319+29 | 388
160 | 238451 125 +12 3.7+04 131431 | 59+£27 | 26+15 160 +13 197
200 95 421 20419 6.3 0.6 289+64 | 7735 | 1.3£09 278 +21 309
400 40 +11 133£15 6.2+ 0.7 50+11 76+33 | 35+21 200+ 19 198
600 | 6.6£23 4224+ 48 25+03 165438 | 44+20 | 24+18 | 679167 | 64
0O-jet category ee/uu final state

120 | 20.8+4.5 108 £10 48+ 14 39+11 | 245+93 | 58+25 191420 | 209
125 | 37.0+8.0 140 £13 59 +18 52413 30+11 6.7 +28 241425 | 266
130 57 £12 162 £ 15 67 £+ 20 62+15 3011 7.7+31 273428 | 295
160 | 209445 107 £10 176 +74 70+£17 | 52+£27 | 12407 138 +£13 161

200 77 £17 177 £ 16 19.6 = 4.2 219+49 | 90+41 | 1.8+09 23018 | 249
400 | 34.0x92 117 £13 34+16 401+87 | 44+24 34+11 230 25 180
600 | 57+£20 382+ 44 4804 116427 | 1.8+13 | 50+21 | 6134157 | 61
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HWW Yields:

1-jet category ey final state
120 | 149+43 | 389+64 53406 403430 | 191+74 | 71+34 111+11 123
125 | 273480 | 479+78 6.5+0.7 495+33 | 224+86 | 71+34 134+13 | 160
130 | 40+£12 539 +8.8 73+08 552436 | 245+94 | 71+34 148+14 | 182
160 | 131437 | 444+£70 53+0.7 518435 | 90£39 | 0604 | 111.14+88 | 145
200 | 58+£15 80+13 6.8+0.8 1146+65 | 161465 | 0403 | 238+16 | 276
400 | 29.4+8.1 81413 79+12 129.0+71 | 168+6.6 | 0.6+0.5 235+16 | 226
600 | 69+£18 30.0 =48 31+04 403+30 | 84%£35 | 0.0+00 | 818+66 | 74
1-jet category ee/uu final state
120 | 65+19 19.2 +3.2 11.5+3.0 206420 | 6.1£26 | 2012 | 595+56 | 77
125 | 11.8+34 | 248+4.1 13.1+3.5 267+23 | 6.5+28 | 2012 | 73.0+66 | 92
130 | 182+54 | 28.0+46 15.6 4.2 30025 | 78£33 | 1.7+11 | 831+£76 | 115
160 | 7622 289 +46 93+28 310+24 | 77£36 | 0304 | 77.2+69 | 89
200 | 354+94 | 529484 16.8 + 3.7 745+46 | 8038 | 0000 152 +11 166
400 | 21.0+£58 | 450471 18.0+ 8.4 775447 | 95+43 | 145£52 | 165+14 | 128
600 | 44+£12 157 £2.5 28+03 193+16 | 1.8+12 | 35+16 | 43.04+£36 | 41
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HWW Yields:

2-jet category ey final state
120 | 1.7£02 08+0.5 0.1£0.0 09+03 | 03+02 | 0101 22406 2
125 | 28404 09405 0.1£0.0 1.5+05 | 03£02 | 01+£01 29408 2
130 | 44406 1.3+0.7 0.1£0.0 1.6+05 | 03£02 | 01+£01 34+09 4
160 | 11.7+1.5 12406 0.0£0.0 1.5£05 | 00£00 | 01+£01 29408 4
200 | 93+£12 25+1.2 1.7+1.6 46+13 | 03+04 | 00£00 | 91+£24 8
400 | 39+£05 35422 1.7+1.6 46+13 | 00£0.0 | 00£0.0 | 98£3.0 7
600 | 1.4+0.2 1.6+1.0 0.0£0.0 19+08 | 03£02 | 00£00 | 3.7£13 3
2-jet category ee/uu final state
120 | 1.0£01 05403 32+15 07+02 | 08+05 | 0101 52+1.7 9
125 [ 1.5+0.2 05403 44+13 07+02 | 08+05 | 01+0.1 6.5+ 15 11
130 [ 23403 05403 48+16 08+02 | 08+05 | 01+0.1 70+£17 11
160 | 74+10 05+0.3 3.8+38 09+03 | 01+01 | 0.0+0.0 | 52438 5
200 | 4906 1.5+07 44+3.0 20+05 | 05+04 | 0.0+0.0 | 83%£32 9
400 | 27£04 14+09 0.1£0.0 36+11 02+04 | 00£00 | 53+14 8
600 | 1.1+£0.1 05404 0.0£0.0 14+06 | 01£01 | 00£00 | 2.0£0.7 2
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SM consistency:
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