Standard Model Higgs Boson Search in
A A the W(lv)H(bb) Channel at CMS
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Analysis Overview Background Control Samples
* We search for the Standard Model Higgs boson (mass range of 110- * Define several control samples (CS) enriched in different
135 GeV) in the associated W/Z production channel with decay to bb background components: W+light, W+heavy, and tt (“light” - only
pairs, using 4.7 fb' of CMS data collected from 7 TeV pp collisions at u/d/s/c/g jets, “heavy” - at least one b jet)
the LHC * Find data/MC ratio in each control sample to obtain background
* We perform cut-and-count analyses (using both dijet mass and scale factors for signal region (solve system of three equations, one
multivariate analyzer output separately to define signal regions) on for each CS, taking into account relative purity of backgrounds)
five modes - W(ev)H(bb), W(pv)H(bb), Z(ee)H(bb), Z(pp)H(bb), and * Uncertainties on scale factors include statistical uncertainty and a
Z(vv)H(bb) B B systematic shape uncertainty determined by finding maximal
* Presented here are results for W(ev)H(bb) and W(pv)H(bb) modes, variation of scale factor when moving CS cuts toward signal region
as well as combined results from all iive modes W+light W+heavy 1
- Variable Cut Val”izble 3%“(; . Variable Cut
Triggers pr(b1) > 30 GeV Py > ey pr(b1) > 30GeV
. Do . \ : viq s : pr(b2) > 30 GeV pr(ii) < 150 GeV pr(b2) > 30 GeV
Primary triggers are single-lepton triggers with isolation; later (i) > 150 GeV pr(W) < 150 CeV pr(i) > 100 GeV
data-taking makes use of jets and missing energy (electrons only) pr (W) > 150 GeV e > 40GeY, < 120GeV pr(W) > 100 GeV
o T . . . < 2 N, _0 CSV1 > 0.9
Tight tracker/calorimeter isolation for both muons and electrons to OfMET/ \/ﬁ Y MET S B ) N, -1
keep lepton E_threshold low and to control trigger rate
e Trigger choices give offline E_ threshold of 20 GeV for muons and Zsooo;“f;’:s’;i};tm"‘"’a'? %W : c 5“”“39:?5:"1’ %“ E E oL %W -
30 GeV for electrons Famor L T ,, S
Physu:s Objects oS E
* Standard physics objects used with particle- 500 i : - :
flow algorithm, and Combined Secondary . N S B - T B I S
Vertex algorithm used for b-tagging 330000:—\?;:?::22'::%1 EEIEE“B E D.ﬁr:- 01 02 03 04 05 06 07 08 09 g1 D.50:_ 50 100 150 200 ziso 0.5:_[') 1 2 3 4 5 6 i
. . @ - W(uv)H(bb) o 2+ uiso S Ge |
* Charged Hadron Subtraction and Fastjet  &wo = o S o
Subtraction used in jet reconstruction and - oGS T .. 2 o GURATIY i, 3 EEnmATIY Bin. -
identification, also for lepton isolation j 5 20 i s A = -
* Flectron selection uses particle-flow : 1 "k = -
algorithm and tight isolation to reject QCD : 1 EI E
* Muon selection requires isolated global and ™ _ . : I ER
tracker muon with |n| < 2.4 and at least one ;=2 20 60 & 100 120 15060 ) ;T = I
pixel hit, ten total tracker hits, one valid (e RO c - I S B I SR .
muon Chamber hit’ alld tWO muon Stations ._0%5 0'.4 03 07 04 0 01 02 o3 EJ5(:- 20 40 60 80 100 120 14'102 0.1550 200 250 300 350 400 4250
° o o S S L A N A BDT output P, ) [GeV] p_ (W) [GeV]
* Anti-k_jets with R = 0.5, p_ > 30 GeV used 3 s} o
400F 2
¢ W boson selected with large boost (p_ >~ % 50l
T 5 = | Results: W(lv)H(bb) Modes Only

150 GeV) which significantly reduces QCD, &30

M_ cut unhelpful as A@p(,v) ~ 0 0 - § '7F cusprolminary ‘e 2 ¢ CMS Preliminary, M, ,analysis
T 200F S T WemHed Srwe 16 f  We=TTeviL=azm'
° ° o0 . E 10°EF — bl = £ L v
* Higgs boson selected using dijet 150¢ : S 35 [ o oo
combination with highest p_(jj) with large "F B of [ bt e e S
. T . .o SDE_ - W(”D)H(bb) - e - CL; Expectedt 20
boost (p. >~ 150 GeV), which improves dijet Ol Ll ] .Y , 18 s =
! . bb mass [GeV] M(j) A"alySlS - - F
mass resolution over no boost o S
Event Selection ) M(jj) Analysis e e g s
* Main backgrounds: W/Z+jets, tt (WW/WZ and — — 0 e s 5 B0
o o o o s - g [ CMSPreliminary w55 L CMS Prellmlnary, BDT analysm
Single Top lesser issue with small cross-section) o () > 30Gev RN S L ermeviedrn
. . e " 5 S 3 E L TWevlpb)
* W/Z+jets hard to reduce due to topological W) 160 Gev oL FEumm | 3 [ e iy Observaa
° ® ° ® 0 ® = 4 © Il g EXpected i
similarity to signal, use p_(jj) cut and b-tagging  cs» iy B £ 5 mmo st
_ ApQV. ) 2 W(ev)H(bb) S
* Use topological cuts to reduce tt such as o Z o BDT 1 eI
additional jet multiplicity and A@(W,H) M0 Gey) o5 a5 eey Analysis ol S
M(3j) (115 GeV) 100-130 GeV - e :: B
* Reweight simulated events to match data pileup ME(20GeV) 1057135 Gy £ I
JJ © - © 15 = - |
and to account for lepton trigger/reconstruction #Gj(socev) 115145 Gev o5t | : S N T e
M{3j)(135 GeV) 120150 GeV 06 04 02 : : 06 ~ 10 115 120 125 130 135
and b-tagging efficiencies Higgs Mass [GeV)
" SRR L L IR LA AL L LA IR LR L 1 tr e AL e rr UL L ° ° ° ° ° °
S 0sf Wi § e Main systematics: b-tagging (20%), jet resolution (10%), signal
w . Wz . = T
n 250 ttbar - ﬁ1ﬂ1
e Wejets, LF = spectrum (10%)
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* Find 95% C.L. upper limits using RooStats
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01: i : “" * Obtain 5-20% gain in expected limit with BDT vs. M(jj)
oast- I-L[—r - 10+ * W(lv)H(bb) contributes most to expected limit: ~4*SM (115 GeV)
ﬂ:-|;T=l-—.l__--l :ll:rJ _I'—Ju_._rl_._=.—..__‘ §
bb invariant Mass [GeV/c’] 10.50 — ISIIIII - I'Hilll'.l - I'15|~'l:'.|| — 200 IZ.Elrﬂl - JSIJEF _:-Béﬂ - IJ-UU

p, (V) [GeV/c]

Results: Five Mode Combination
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and background BDT Analysis 30

Multivariate Analysis S on 'ch's“r'”'"‘”“J'é:'t%z;;""_: E 165 cms )

* Makes full use of * BDT training variables: A@(W,H), An(G1,j2), % 50 ,ﬁ:?ﬁfhf b i _3‘,::125622 1 & ME VH{ob), combined A,ﬁll)r_’;is
correlations between  max jet CSV (CSV1), min jet CSV (CSV2), g Sw 1 EPE TG oo Y
discriminating M@)), p.(i), p,(W), and N_ S0 e ] g 10 mmCLEeeceto
variables in signal - - 40 ERweudscs 3 2 g B )

Background rejection versus Signal efficiency . o)) -
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.5 =2 MC uncert. (stat.)
* Boosted Decision g oo Variable Cut .
Tree (BDT) method %~ el > 3Gy
used, implemented in { .. pr(ii) > 150 GeV 10
TMVA framework o P > 190 e oo 250 0 5 120 1% 130 135
* Significance increase | Tl CSV?2 > 0.40 Mg [GeV] Higgs boson mass [GeV.
of ~15-25% over b RS s oMET) B > 2 (W) * Total expected limit: ~3*SM (115 GeV)
M(jj) analysis s E‘"‘é‘e"“ BDT Output > 0.050 * Observed limit from combination consistent with expectations
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