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O Flnas’ra’r with ’rhele’r rate in most oF
the my mass range:

0 212v: high BR, clean signature, no mass peak
region=[125-500] GeV

O lvqq: highest rate sub-channel, closed kinematics,

large background region=[300-500] GeV

HWWV channel covers by alone my=[125-600] GeV
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O Most sensitive channel around 2 x My, (125 < Mg <200 GeV)
O Signature: two high py 1solated leptons + MET

O No narrow mass peak

O Main backgrounds
O WW (irreducible) H->WW—euvv candidate

O ZHets, WZ, ZZ, tt, W + jets

O BKG estimation crucial
O Main BG estimated from data

Scalar H boson +
V-A structure of W decay
favors small A between
leptons

] = Ei]"larcg




process characteristic rejection

2 well 1dentified and i1solated
leptons

Wjets (31000 pb) lepton + fake lepton

+ proj ETmiss > 40 GeV(ee,up), 20
GeV (ep)

+ |my-mz|<15 GeV (ee, up),
mi>12 GeV (ep)

Z+jets (5000 pb) Z peak, no real Epmiss

4 : * classif ts in 0-,1-jet
tt (158 pb), tW (11 pb) additional (b-)jets ;ni?ﬁ;_i’aggggs in 0-,1-je

decreasing cross section (@ 7 TeV)

W.Z + v (165 pb) electron from y coversion + conversion veto
WW (43 pb) non resonant + small A
+ |my-mz[<15 GeV (ee, up),
WZ (18 pb), ZZ (6 pb) Z peak mi>12 GeV (ep)

relative importance after selection depends on my
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O DY—domlnated sample MET selectlon /-veto
[crucial the resolution with high pileup]

used a combination of MET / track-based MET / dilepton
recoil against MET, etc to reduce Drell Yan for ee/p final states

=15~ inferactions/BX in 2012

jet counting (0,1,2) + b—Iagging [crucial rate

for jelow prjets]

O WW dominated sample [performed measurement of
cross section for pp—WW @ 8 TeV]

O apply mu dependent cuts: kinematics
depending on the Higgs mass (pt!,pr?, Adu,my,mr)
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et cate

O Categorize events by jet multiplicity (jet pr>30
GeV, n|<4.7)

O very good description of jet counting, validated
with Z—1l events 1n data

O jet ID used to reduce pileup effects at high |n|
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O 0-jet: WW dominated. Most sensitive category to

gg—H top
O mu<l30 GeV: WHjets, Drell Yan backgrounds

O ep final state very pure final state

J
\
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O 1-jet: dominated by tt+tW, apply anti b-tagging on
all jets with pr>10 GeV

O clean ep from DY —1t with mr>80 GeV

_/

-

‘o 2-jets: specific selections to i1solate VBF production\

O  An(i-j2)>3.5, mj1 2>450 GeV
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Backgrounds

O  Measure all the backgrounds from data control samples:

O  W+jets from fake-enriched sample, weighted with : e W2 CMS preliminary
fake—lepton probability [ 160 top =117 |
I ww [l wzizz |
O relevant for low pr leptons (low mp) i W wiets

O top from b-tagged events

O DY from Z on-peak data events

O WW from signal free region (m;>100 GeV for mu<200
GeV. For high mass H, no signal-free region, taken from
simulation)

. . . Ny taq J€tS N 1-jet bin
0  Cut & count analysis: dominated by systematics on
background normalization: top control sample

0 WHets: =40% (do not improve with statistics) from | b-tag let

O Drell-Yan: 60%

crucial effort in measuring backgrounds

0 Top: 25% ) o .
from data with the largest precision possible

o WW: 15-30%
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O  With a selection tuned to reduce systematic uncertainties (pr'->>20/20 GeV), measure
the WW cross section at 8 TeV:

oww = 09.9 = 2.8(stat) T 5.6(SySt) T 3.1(1umi.)pb
o (99 = WHW™ +aqq — WHW™) = 57.25 (P13

similar ratio measurement / prediction as in 7 TeV data collected in 2011

O pre-selection relaxed for a low mass Higgs (pr!-2>10/20 GeV):

) pb

statistical uncertainties only

data tot. bkg. WWwW tt+tW
0 jet 1594 1501+21 1046.1+£7.2 | 164.2+£5.4
1 jet 1186 1162+27 381.0+4.0 | 527.3£8.4
2 jets 1295 1412424 177.0£2.8 | 886.5£11.1

"""""""""""" Wets | Wz+zz | zw* | wy

0 jet 158.2+7.1 32.6%£0.6 73£17 27.1+£3.9
1 jet 122.6+6.7 30.3£0.6 77£24 23.7+5.2
2 jets 94.9+6.4 20.8+0.5 227420 5.6£2.1
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WW= 2|2V event pre-selection
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_Higgs selectio

O  Further discrimination with Higgs 1s provided by kinematic variables: apply
optimized cuts:

my [GeV ] | p ™8 [GeV ] | po2™8 [GeV ] | my [GeV ] | Ady [°] | Mr[GeV ]

110 > 20 > 10 < 40 <115 | [80-110]

115 > 20 > 10 < 40 <115 | [80-110]

120 > 20 > 10 < 40 <115 | [80-120]

125 > 20 > 10 < 40 <115 | [80-120]

130 > 25 > 10 < 45 <90 | [80-125]

135 > 25 > 12 < 45 <90 | [80-128]
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e Result on 8 TeVdata‘ observedexclusmn 11m1t 127 < MH < 200 GeV
e 7 TeV data not re-analized: observed exclusion limit: 129 < Mgy <270 GeV

201 | published result 2012 result
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Expected limit: 127 < My <270 GeV
Observed limit: 129 < My < 270 GeV

this channel is sensitive to my=[125-400] GeV with 8 TeV data

Expected limit: 128 < My <250 GeV

Observed limit: 135 < My < 198 GeV
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° statlstlcal combmatlon of 8 TeV (5 1 fb 1) and 7 TeV (4 9 fb-1, not reanahzed)
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O SenSitive Channel for my= [300 600] GeV CMS preI|m|nary det 35fb1\s 8Te\{

el o > Wwwz
max sensitivity for mp=350 GeV O . Wets
~ - B top
. : 0 150 multije
O Event selection: one lepton, Er™ and 2 or - Y " ete
3 jets: Zo | sdaia
100 xr/::%f.—. 7.268/8 |
O  one e(n) with pr>35(25) GeV = 50?)’ GeV
50 -
O ant1 kT jets with pr>30 GeV
a  Er™ss >25(30) GeV for e(p) final state ) 0% 100 150 200
m; (GeV)
0 events with dl-_]et mass 65<mJ 1j2<95 GeV CMS prellmlnary/Ldt 35fb \s 8TeV
keep 80% of signal > WW/WZ
O) - -Y(\)/ﬂets
0  kinematic fit with constraints M(lv)=Mw and P —
M(jj)=Mw allows full reconstruction of Higgs I= M 24jets
boson mass M(1vjj) L%’ — H(500)x10 -

O use a mu-dependent angular likelihood
discriminant to optimize continuum W-jets
rejection

O Search for a peak over a continuum background
400 500 600 700
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Results W|th /, 8 TeV data

o Used49fb10f7TeVdataand35fb10f8TeVdata
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8 TeV data / TeV + 8 TeV data
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Conclusmns

0 The H9WW channel is one of the most sensitive to the SM nggs in a
wide mass range, starting from my=125 GeV

0 CMS has searched for a Standard Model Higgs boson in WW fully
leptonic final state with 4.9 fb-1 (7 TeV) and 5.1 fb-! (8 TeV) data

0 observed an exclusion limit of mg=[129-520] GeV, when expecting
mu=[122-450] GeV exclusion limit

0o forlow masses, a broad excess is observed at the level of 2 Standard
Deviations

0 CMS has extended the search exploring the semi-leptonic final state,
excluding the presence of Higgs boson n 240-450 GeV

ot

0 the excess at low mass is still both compatible with s Higgs boson
with mass mH=125 GeV and with a fluctuation of the

backgrounds
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Combination
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signal
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my | WEILW_ . VSEW_ +ZV/V;ZZ€€ - Top W + jets Wy () all bkg data
O-jet category ey final state
125 | 239+52 | 87.6£95 22402 93+27 | 19172 | 6.0£23 | 1242+124 | 158
130 | 353+7.6 | 96.8+10.5 25£03 10.1+28 | 207+7.8 | 63£24 | 136.3+13.6 | 169
160 | 983 £21.2 | 53.6£59 1.2+0.1 63+£17 | 25£13 | 02£01 63.9 £6.3 79
400 | 16.6+48 | 50.5+5.8 1.5+0.2 261+£57 | 45+20 | 07+05 83.3 £ 8.4 92
O-jet category ee/uy final state
125 | 149+33 | 604*6.7 37.7+125 19+£05 | 10.8+43 | 46+25 | 11565+150 | 123
130 | 235+5.1 | 674=£75 41.3 +£159 23£06 | 11.0+43 | 48+£25 | 126.8+£183 | 134
160 | 86.0£18.7 | 445+49 11.3+13.4 38+£09 | 1.3£11 | 04£03 | 614+144 92
400 | 123+£3.6 | 37.1+43 57£13 200£47 | 34+£19 | 13.6+48 | 799483 55
1-jet category ey final state
125 | 10.3+£3.0 | 195+£37 24£03 223+2.0 | 11.7+46 | 59+3.2 61.7+7.0 54
130 | 15.7+47 | 220+4.1 26+03 251£22 | 128£51 | 6.0+3.2 68.5£7.6 64
160 | 52.6 £149 | 20.1+4.0 1.6+0.2 21518 | 50+23 | 09+05 492 £5.0 62
400 | 114433 | 39.1+63 21£03 56.6 £3.7 | 71+£31 | 0.6£0.6 | 105.5£8.0 96
1-jet category ee/uu final state
125 | 44=£13 97+19 8.7+49 95+11 | 39£17 | 1.3+£12 33.1+5.7 43
130 | 71+£22 11.2+£22 91£54 107+12 | 37£17 | 1.3£12 36.0£6.3 53
160 | 37.9+109 | 13.8+28 28.4 +10.7 162+16 | 3.8+21 | 0000 | 623+114 65
400 | 74+£22 19.6 £3.2 79+24 334+24 | 16+13 | 44+18 66.8 £5.1 67
2-jet category ey final state
125 | 1.5£02 04=£0.1 0.1£0.0 34£19 | 03£03 | 0.0£0.0 41+£19 6
130 | 25+04 05+0.2 0.1£0.0 30£18 | 03£03 | 0.0=£0.0 39£19 6
160 | 99413 0.8£0.2 0.1£0.0 42+22 | 0604 | 00£0.0 56122 11
400 | 23+04 1.9+0.8 0.2£0.0 91£27 | 0504 | 0.0£0.0 11.7£29 22
2-jet category ee/upu final state
125 | 0.840.1 03=£0.1 31£18 20£12 | 00£0.0 | 0.0£0.0 54422 7
130 | 1.3£0.2 04+£02 3.8£22 20£12 | 0.0£0.0 | 0.0£0.0 6.2£25 7
160 | 6.0£0.8 07+£0.3 47+27 24+£12 | 02£04 | 00£0.0 8.0£3.0 9
400 | 1.6£0.2 1.5+0.7 6.6 £2.8 49+19 | 07£0.7 | 0.0£0.0 13.8£3.5 15




