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Higgs bosonic decays: CMS
directions

« LOW mass:

- Study of the properties
of H(125).
H — WW(212v),
H— ZZ(4l),
H— vy

| s THE
LHC HIGGS XS WG 2010

- Rare processes
eg. H — Zy, ttH — ttyy

Branching ratios

= High mass:

_ Search for additional states from 107
extended Higgs sector (and eventually |
the study of VV-scattering):

H — ZZ(41,212v,212q),

H — WW(212v,Ivjj)
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Higgs bosonic decays: CMS

references
“hanne L(Vs=T+8TeV) [t e “Covered in
H — WW(lviv)* 5+19.5 HIG-13-003 this talk
WH — WWW(3I3v) 5+19.5 HIG-13-009
H — WW(Ivj)* 0+19.5 HIG-13-008 %i:?
H — ZZ(4l)* 5+19.5 HIG-13-002
H — ZZ(212v)* 5+19.5 HIG-13-014 %i:j:?
H — yy* 5+19.5 HIG-13-001
tH — ttyys 0+19.5 HIG-13-015 %
H — Z(Il)y 5+19.5 HIG-13-006

(Only showing analyses that use the full 8TeV dataset. Full list at

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG
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CMS

CMS Experiment at LHC, CERN

u Large O X B R ) Data recorded: Thu Apr 19 09:14:"
Run/Event: 191721 / 76089774
Lumi section: 111

Orbit/Crossing: 28960009 / 815

Clean signature:

- Missing transverse energy

No mass resolution.

= Main backgrounds:
~ Non-resonant WW, tt.

= Discriminating variables:

B pTII’ mll’ mT’ A(I)II

Vectors from the decay of a scalar and V-A 2
structure of W decay lead to a small I
opening angle between leptons

(especially true for on-shell Ws) v
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CMS

= Analysis performed in exclusive jet multiplicity bins.
_ 0-1jet: 5+19fb! (Vs=7+8TeV)

_ (VBF signature: last update with 5+12fb)

= Also split events in same and opposite flavor channels.
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CMS

Data
« Same flavor: cut-and-count analysis. g CMSpreliminary L =195 " (3TeV)
S C
' . 1 -..8..- gof—
= Opposit flavor: 2D fitof m vs m._. =3
- Signal and background templates from MC g
corrected using control regions. 60

- Non resonant WW normalization freely floating.

Background
CMS preliminary L=19.5b

M, = 125 GeV

CMS preliminary L= 19.5fb i (8TeV)
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Results

10"

F3/05/2013

CMS Preliminary
\s=7 TeV,L=4.9 fb"
\s=8 TeV,L=19.5 fb™
| H-WW-2I2v 0/1-jet

10

== Observed

- = = Median Expected

Injection m"=1 25 GeV = 10

—

300 400 500 600

my, [GeV]

Large excess at low mass compatible
with the expected Higgs signal

c/oSM @ 125 GeV = 0.76 + 0.21

significance
=} o 8
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CMS Preliminary
Vs=7TeV,L=4.9fb"

Vs=8TeV,L=10.5fb"
H—=WW—2I2v 0/1-jet
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Significance @ 125 GeV: 4.0 0
(5.1 expected)
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CMS

WMH — ZZ (41

= Golden channel: 4 isolated leptons.

- Very high S/B ratio, excellent mass resolution
(1-2%), fully reconstructed final state.

- Low even yield. Demanding requirements in
terms of efficiency down to p, of 5-10GeV.

e+(Z1) pT : 28 GeV

H+(Z2) pT : 12 GeV

e-(Z1) pT : 14 GeV
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CMS

CMS preliminary

1 | I | | 1 | | | 1 |
- * Data s=7TeV:L= 51f" -
|| [ my=126GeV (s=8TeV:L=19.6f"
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=\ | Non-resonant ZZ

. t o(pp — ZZ,8TeV)=84+1.2pb
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| |I B!

Clean excess m,, ~ 126GeV m,, [GeV]
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CMS

Matrix Element Likelihood Analysis:
uses kinematic inputs for

signal to background discrimination
{m1,m2,61,062,06*,0,01}

~1
— |1+ Pbkg(mla ma, 913 929 (I)a 9*9 (I)llm4£)
pﬁig(ml? ma, 91; 923 (I)J 9*? (I)llm4£)
CMS preliminary {s=7TeV,L=51fb" Vs=8TeV,L=19.6 "
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CMS

= Events categorized according to jet multiplicities.

Signal extracted 3D from simultaneous fit.
- 0-1jet: m,, vs MELA vs p_,,

- 2jets (20% ggH): m,, vs MELA vs Fisher discriminant(m,,An,)

CMS preliminary \s=7TeV,L=5.1fb" \s=8TeV,L=19.6fb" CMS preliminary Vs=7TeV,L=5.1fb" Vs=8TeV,L=19.6fb" CMS preliminary Vs=7TeV,L=5.1fb" \s=8TeV,L=19.61b"
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CMS
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) M, =125.9 GeV
M 6,/M=0.9%

—
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CMS

= Search for a narrow peak on a smoothly falling background.

_ Excellent mass resolution (1-2%).
(Energy resolution and vertex identification).

_ Rejection of reducible background also crucial.

_ Background estimated using m_ side-bands.
Signal model using inputs from Z — ee, Z — llyand Z — uu control samples.

; L CMS Pr.eliminary > | ]
&FOr ‘EF’ Simulation Simulation 8 10000 z CMS preliminary + Data -
S I BDT,, >= 091 o~ 7 Ys=8TeVL=19.6fb ' [[] 2prompty ]
% Al Parametric model ~ 8000 % [ ] 1 prompt y 1 fake y O
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. Events categorized in terms of S/B and mass
resolution.

_Two analyses:

« MVA mass-factorized: BDT-based categorization
(using energy resolution, vertex ID probability,

photon kinematics other than mw).

. Cut-based analysis: simple categorization according to *° b{,
photon rapidity and EM shower shape based conversion 1

tag.

. Signal extracted from simultaneous fit-ta m..
> R L A B > Eror Tt T
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CMS

Exclusive categories

= In addition to the untagged categories, high S/B categories are
defined using additional objects in the event.

- Di-jet: 2 categories (loose/tight) with increasing VBF purity (loose ~50%,
tight ~80%). MVA analysis uses a dijet BDT-based selection.

- Additional leptons (electrons and muons pT>20 GeV) or MET (>70 GeV)
with increased VH content.

= Improve significantly the ability to measure Higgs couplings.
= Events assigned to categories in the following order:

Dijet tight Duet Ioose
1> 1> 9T T g Sy, A S
1o 1o E S Preliminary —4— Data 1o F CMS Prelimin inary L
16 16 8k 8TeV, L=19.6fb" (MVAJ—— S*BFit 3O 16F (s=8Tev,L=196" MVA,— san O
1o 1o r “----- Bkg Fit Component J r 's e : ( ------ Bkg Fit Component Lol
1 1= 7E o Bl 14F mp -
1% 1= . 2o ER e >
: _% E ..% 65— Muon Tag _E % 12: Met Tag E
14 i@ 5F 15 10 @
] ] o i L
] 4F 3 8

3t 1 s

2: 1 4 .0 l ‘

1 _ , Hl

140 760 : 140 0 0 740" 160

(VH—enrlched) (VH—enrlche1d)<GeV> (VBF-enricheety (\/éF-ennoﬁzed) (VH—enr/chewGeW
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CMS

Mass-factorized MVA analysis Cut-based ana|ysis
CMSNs=7TeV,L=51fb"'\Ns=8TeV,L=19.6 fb" CMSNs=7TeV, L = 51" \s=8TeV,L=19.6fb"
% 1§III|IIIIIIIII|IIIIIIIIIIIIIIIIIIIlIIIIE % 1§IIII|I IIIIII|IIII|IIII|IIII|IIIIIIIIE
§ Em § - “_ ." V ‘?j______gm
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S E 420 S E ik —~420
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Al e T " ]
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10° et T e \s=7TeV i 105k e \s=7TeV N
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_I 111 | 1111 I 1111 | 1111 I N Y Y N e ] _I 111 | 1111 I 1111 | 1111 I N I Y N I e | ]
110 115 120 125 130 135 140 145 150 110 115 120 125 130 135 140 145 150
m,, (GeV) m,, (GeV)
Local obs. significance: 3.2 o at 125.0 GeV Local obs. significance: 3.9 o at 124.5 GeV
Expected: 4.2 o Expected: 3.5 0
| 748 TeV: oo, @ 125.0 GeV = 0.78 %028, | | 748 TeViolog, @ 124.5 GeV = 1.11 4032, |

(Taking into account correlations, the results of the two analyses are statistically
compatible at less than 2c level).
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CMS

Results (2)

\s=7TeV L=5.1fb™
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m,, (GeV) - 0 1 2 3 4
YY !"ngH+ttH

Each event category is weighted by its
S/(S+B) o/cSM @ 125.0 GeV = 0.78 +0.28-0.26

only for visualization purposes
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= Use cut-based photon identification.

= Require additional jets and leptons on top of di-photon selection.
_ Expected and observed limits ~5 x SM.
_ See poster from Francesco Micheli.

CMS Preliminary {s=8 TeV L=19.6 fb”

1.5
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CMS preliminary, Vs=7 TeV (L= 5.0fb™, Vs=8 TeV [ L= 19.6fb"

= TWO opposite-sign-same-flavour L A

leptons plus MET. = sty
- Gluon-fusion and VBF targeted categories. _

= Modelling of Z+jet from y+jet control sample.
= Results interpreted in terms of search for SM

6 S CMS prellmmary \{E-a TeV f L=1 9 6 fb

Higgs/ L — —
g g C E TOP W, VV 2Z WZ— 3Iv E -1 I TR N AN SN AT S NS NS N A R N
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additional singlet. ““gry = - e Higgs boson mass [GeV]
" C —— ggH(300)— ZZ —— ggH(600)—ZZ ----qgH(300)—ZZ ]
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= Reconstruct and tag hadronic
W decay using jet substructure

techniques.

- Select events with lepton, missing E.. and

a “fat” jet (CA08).

= FOCuUs on
mH>6OOGeV.

- Interpretation
as SM Higgs
search and
singlet model

mixing to H(125)

Events / (5 GeV/c?)
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CMS

= Bosonic final states are an excellent tool for Higgs Physics at the
LHC.

= The properties of the newly discovered

(H-2Z" 41 m =125.8 GeV)

~1256€V State Compatlble Wlth I — |.| |.| I T T ! I B I
those of the SM Higgs boson CMS preliminary
within (still sizeable) “;’;’E’va“,‘f;*:f’ﬂ:fj" .
uncertainties. T |

H—>ZZ(*)—>4I CMS HIG-13-002

. Ys=7TeV,L=51 ﬂ:ﬂ_1 .
- See talk from Andrea Benaglia FrotLTen =
: H-WW' '—-2I2v cms Hic-13-003 :
for further detalls E:;::xt::gggl:; _._
. . . I | | I | L 1 1 I I I L 1 1 | L1
= Higher energy and luminosity -3 2 -1 0 1 2

' ' - Best Fit o/
will provide more precise est Fit olagy ()

Information on the properties of the new state.

= Searches for additional Higgs like bosons at high mass will

eventually start to probe VV-scattering.
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CE/RW

NS

Additional material <M
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Bosonic decay modes: CMS
low mass

= Loop induced C:

1 N
LHC HIGGS XS WG 2010

ggH = VH | VH
WW(Iviv) | v v v
ZZ(4l) v v X
vV v v
Z(ly v v X
180 200
M, [GeV]
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CMS

e e e o =
FH— vy +H—>Z7Z |— Combined E H-ZZ-4/:

— A= Mass estimation with m4l, KD and s(m4l)
s Very small systematics due the very good
Control of the leptons scale and resolution:

mH = 125.8 + 0.5 (stat.) £0.2 (syst.) GeV.

Systematics on the extrapolation from Z-ee
to H-y (0.25% e—-y, 0.4% m, » m)

mH = 125.4 = 0.5 (stat.) £0.6 (syst.) GeV

= N W ks~ 00 o0 N 0 O
TPT T T T T TTT[TTT TTTT[TTTTTTTT

o
TTT

mX = 125.7 = 0.3(stat) = 0.3(syst) GeV
= 125.7 = 0.4 GeV
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Spin analysis (H - WW)

= Simple hypothesis test:

_ SM nggs, CMS Preliminary ys=7TeV,L=49f™" ys=8TeV,L=19.5b"
- Minimal graviton-like Froor- 0
spin 2 model “2' ” produced %ok EZ
in gluon fusion. N _
> e
= Fitm vs m_under the two 8001
hypotheses 600}
400 [
—— 200 1
2* hypothesis disfavored at CLs = 14% - i 1
%‘....| ] REn). iy e N
-30 -20 -10 0 10 -22>9In '[LZJ'LSS
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CMS

= Tested several alternative hypotheses for J°F of the observed

excess.
- Dedicated Matrix Element discriminants (D™) for each hypothesis
test.
- Hypotesys test: 3D fit of m4l vs MELA vs D™,
" . CMS preliminary Ys=7TeV,L=51fb"'ys=8TeV,L=196" CMS preliminary ¥s=7TeV,L=51fb" ys=8TeV, L= 196 b’
AARRLARNRARRNRARN RN RNl RARRD RAARY RRRRERERSs I L B AL I
% f ® data ; E 0'1__ ] ]P CLS
5 6F —— 0", m, =126 GeV -4 E — 0
- Elgg;,mfﬂs GeV ] :.’_ 0.08 — CMS data 0 016 /0
°F Bz 18 | 0r 8.1%
s = 8 0061 - h
i ;" I H. ] 2-;133 1.5%
3 ~TT] s Cls=0.16% | 9+ | «<0.1%
oF 0| i e | - 3 | mqq |
o DR L[ 1T | <01%
e =S I |1 ] <01%
0.1 0203 04 05 06 0.7 0.8 0.9 <%0 -20 10 0 10 20 30
D, -2xIn(L /L)
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CME prafiminary 5= 7 Taw L= 510" WE=8TuV, L= 108 1" CME pradiminaey W=7 Ta,L=5.1 1" w5 = BTV, L= 108 1" CAME prafminary 5= 7o L= 51 b yE= 8 TaV, L= 108 1"
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U Uy 25 105)
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lectron energy scale and

resolution

Electron scale & resolution validated with Z, Jiy & Y—ee

P3/05/2013

CM3E Preliminary

15 =B Tew, L= 186 "
LILIL L LI

g T T e DatalMC agrees on the e-scale 10 ey |
gms—[ < within ~0.2% (high pT, barrel) ‘E% el :mT 4
e |l 0 1 1 to1.5%{lowpT, endcaps popk e .
i T L=t (low p ps) glose v ek
0.005¢ %&*Ir R r— oozsf :
401}"’;‘_‘_ T;E;:#ﬂ—+ . ”‘”Ef b
0 iem |1 =Data/MC agrees on the resolution g.o1s
_.,.,,5_"‘ —-—J.';‘m.t,.qa_. within < 10%. n.m;:]_ s
pt sl e 1 e 0005} -
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et {40000 T L | T T T
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= e 1o ] | | [ ‘E
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soaaf . sdata |
00 | [ T; +“'
: 4 [RGB R T i
70 | LTRSS IR .+ 1 £ *s
N i .
s Bd E] &0 a5 100 105 F ¢ t t‘“ﬂiﬁ—i'.—' $ |: [
v i B ) P | B B5 %
=, [GeVic] 4 15 2 15 3 a5 4 m,, {GeV]

MS Prelmimary
T T

VE=8TaY, L=14Km’
I

P. Musella (CERN) - Higgs to bosons in CMS

Categories

30




Muon energy scale and

resolution

Muon scale & resolution validated with Z, Jhy & Y—pp

CMS

. WBPralmmry 188 Ta¥. L= 195rt=_ M Brafminary s =870V L= 1asm’ GHBF‘rﬂImmry - oL asp
> 4000}-50 < I —— 3 - T T —_ —_
L3 - - }EUDEIEI_— 5-=D.|.|'_I.I|-=T‘33"l' —_ :::EE':H:'D:— 1'3‘-'-91-'1-'] Eﬂﬁi\'
ﬁssm 00 Il <24 3 0.0 < minl <04 ¢ 20000} 0.0 < Infae)| < 0.7
= anoof E S0000p ] 5 18000,
g S 5 1 S 16000}
& 2500 = 40000 ;wma:
L% 2000; % 20000 € 12000f
1500 2 - 7, 10000f
; 20000F BOOOF
1000} ! B000F
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oy ' B " " - T - .
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= 0.000F—— I 4 000" = =
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ECAL performance

= Very good ECAL performance in 2012

- Z—ee mass resolution better than 1.2% for electrons with low
bremsstrahlung in the barrel.

= Stable performance already using promptly reconstructed data.

/-\22 . — . > ML BN LR LR LR LN LR UL DL B
2 - CMS Preliminary 2012 8 9000F- cMS Preliminary
~ - _ _ 1 ~
EN 5 -_ s$= 8TeV, ESISEIE Al 8000 :_ s=8 TeV, L=19.6 fb!
= | ECAL Barrel % -
m | : 2 7000F
bO _ o) - Both electrons
AT 60001 ni<1,R_>0.94
5000
4000
1 4_ ...... ........... .................................. .................................. .......................... 30005_
- 2000
1.2 i e N 1000 -
i i i i -
02/05 01/07 31/08 31/10 % 82 84 8 88 9 92 94 96 98 100
date (day/month) M, (GeV)
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%E/RW H - WW.: background control =P

NS

« WW:

- mH<200 GeV: events with mlI>100 GeV (from data). MC to extrapolate into signal
region

- mH>200 GeV: from MC.
= ZIy*:
_ events with mll£7.5 GeV around Zmass. (residual bkg subtracted)
_ extrapolation to signal region from MC. Cross-checked with data.
= Wy* .
_ MC (Madgraph) for shape
_ Normalization from high purity control sample (data).
« WZ/ZZ] WY:
_ from MC.
_ WYy estimate cross-checked
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> W‘l‘]EtS}'QCD' o Eve  CMEProiminary
= Control sample with “tight+fail* sample. fr e e
= Extrapolation to signal region with mis-identified probability
= \alidation on same-sign/DF control sample

= o 180 i)
m, [Gevic]
%" s W CMS Proliminary
» Top (tt/tW): Sl Wy mew e

=Control sample with inverted top veto

= Background surviving the veto estimated by weighting events
with per-event tagging efficiency per-jet tagging efficiency
measured in separated control sample.

= Validation in 1-jet DF top-enriched sample
(inverting b-tag requirement)

m ¥ [Gevic?)
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H - WW: limits

Standard Analysis Using mH=125 as background
2
Dﬁm C CMS Praliminary — Cngerve 3 = F -
T [ i oo Mk ©107F — observes CMS preliminary-
s | H—ww—212v 011et 5::': | B E - median expected  H — WW — 212v {shape-based)]
."g 10 —-'ﬂml:"ﬂml.'i\r.l:l - E [ expected 10 =497 (7 TeV) + 19.5 o (8 TeV) |
E s = B — 10 expecied + 2o ]
3 | : =
L ’ _ ]
O © ]
1F < 1
A @ :
- "-I'II.JI i B .
107 E =
107 = - -
E E ﬂ I T I II|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII_-
- TIPS PRV FEVOTTONTS FPRTOOT o o 110 200 300 400 500 600
100 200 300 400 500 600 .
Higgs mass [GeV]

my, [GeV]

= Exclusion at 95% CL in the mass range 128 — 600 GeV.

= Large excess in the low mass makes the limits weaker than expected.

= When including mH=125 GeV as a part of background, no significant excess is seen
over the entire range.
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signal strength, CMS preliminary, L = 24.4 fio"

= 3 20
Em- = SF dsiaf T TaW
© CMS Preliminary 13:;
25 (S=7TeV, L=49 1 16 ST :
is=8TeV, L=19.5fb"
2 ey 0+1 jet 14 DF 14l T Te¥ .
12
OF ffay T Tish?
1.5 10
SF J<jat B Tal .
1 o
o EF fal & TV
4
“.5 OF Tl i TV
2
Liii | | Liii [ | | I | Liii ,D Ifl?ﬂﬂ'?ﬁl II | | | | II 1 | | | II L | | I |
110 120 130 140 150 160 170 180 190 200 1 0 1 2 3

M (GeV) Best Fit 6/0.,,

Low mass resolution gives a shallow

likelihood prole as a function of mH Consistent results among the exclusive

categories & data taking periods
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CMS Simulation, 1s = 8 TeV

CMS

=‘ E T T T I T I T T T I T T T I T T T é ?1 1t T T T I I I I I I:

o 009 ] H—Z2* — 2e2p ] g nal : =

= ] o = =

DOBF % Pr my = 126 GeV 3 ‘S 08L E

0o0THE ' 1 Before analysis EEIIEIGI:'HH'I—E E E_ _E

P . ,i’-.aF’$ e ] = 3

0O6E 1 i [ After analysis selection — 06 et

S 3 - 3

005 A — 05 H—sf* | —

E: = E 41 gan i ha a noe 3

0.04 E_:I ._L p:- _E 04 ;_ . i wrt 4 gan in tha acoapin =

0035 . = 0k e E

002} E 0.2 — 48 =

001 - o1k E

nu- a0 S T P T B -
&0 oo Qoo 200 300 400 500 600

2

P [GeV] my, [GeV/c?]

@ mH = 126 GeV, signal efficiencies:
(within the geometrical acceptance for leptons)
S ] 31% (de), 42% (2e2p), 59%(4p)

q_1.45ﬂ|_— =
= U — FaR appliea E
S 400t :

80 — FSR not applied 3

300 | Events afiected by FSR 3
), = 126 Gel E

» Final State Radiation (FSR) Recovery:
= PF photons near the leptons from z's (down to 2 GeV, AR{l,y) up to 0.5)
: : = 6% of event affected, 50% efficiency, 80% purity
%ﬂ a0 100 110 120 130 140 150 160

My, [GeV] 4
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F3/05/2013

70 CMS Prefimingry [E=TTeV L=51f", [E=8Ted L= 1961
E : I I I T [TTETI LT L
o 60 Bl z+x -
110 < m4l < 1000 GeV = Ooz |
+ 90 = —
Channel de dp 2e2u o : | |m=126 I!En'.e".l'E
ZZ background 789 +10.9 | 1182 £155 | 192.8 £24.8 = =
Z+ X 65720 3§¥13 9.9+10 :
All background expected | 855715 | 1226727 | 2027757 =
my = 125 GeV 3.5 105 6.8 108 89410 1
i = 126 GeV 3.9 +06 74109 98+1.1 =
Observed 86 | 125 240 | N
CMS preliminary  L=5.1and 196 f"at y5= 7 and 8 TeV 400 500 600 700 800
A m, [GeV]
Ll
s}
-
-E 10
] 110 < m4l <160 GeV
w
Channel 4e 4 2e2pu 47
£ background 6.6 £0.8 | 138 1.0 | 181 +1.3 | 385 x1.B
0 Z+ X 2510 | 1606 | 4016 | B1 20
All background expected | 91+1.3 [ 154 +1.2 | 220420 | 465 +27
my =125 GeV 35405 | 68 +08 BO9+10 (192414
my =126 GaV 39406 | 74409 98411 | 211415
Observed 16 23 32 71
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CMS Praliminary WE=TTeW,L=50Mm"
WE=EBTev,L=53 '

W5 =T I8 Tay, L= 5.1 (196"
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H - vy: Energy resolution m?2- (1-cosa)

= Energy scale and resolution validated and corrected
using Z — ee.

- Excellent stability of energy resolution across the whole 8TeV dataset.
- Good modelling of mass shape in analysis categories.

CMS Preliminary C CMS Preliminary
¥Ys=8TeVL=19.6f" Ys=8TeVL=19.6"

= IBDTA1S o

9 22r CMS Preliminary 2012 e -
N [ Ns=8TeV,L=19.6 fb" o
= 2F gcaLBarrel s
m - 20000
bo B 10000
1.8
B s . m,_._., cat2
- é * h
P S RS RS
| o0 E- CMS Preliminary . :_ CMS Preliminary
14 : V5 =8 TeV L=19.6fb"' 120&0:— Vs=8TeVL=196fb"'
A =BT 2 — aia =rBDT 3 — Data
1.2 = 3 .z—; a'e” MC E .1—; e"e’ MC
02/05 01/07 31/08 3110 ‘5"“;_ wcon -
date (day/month) g
e cl
m,._., catd m,._., cat1
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. e CMS
H — vy: Vertex identification m?= E_E_(1-coso)

= Higgs production vertex is selected using a Boosted Decision Tree (BDT)

_ Inputs: Xp_* of vertex tracks, vertex recoil wrt diphoton system, pointing from converted photons.
= An additional BDT is used to estimate the vertex probability in the MVA analysis.
= Control samples: Z - pu for unconverted photons, y+jets for converted photons

£
E [ E ¢
o 1 T o -1 9 1ee
- L s0 oo g S g 64T T 4 v o or +
Xu: - Lt _§ B #{}0
H P NT S
N 0.8 * e, )
0.8 & E “L *7 e%0 00 . **
s [ 2 ""¢¢ + Py
R 5 L +
06 =06
e L
P(¥Y¥) Number.of
) : vertices
0.2 I 0.2
| CMS Preliminary Simulation H—yy - CMS Preliminary Simulation H—vy;
—<PU>=19.:9 m. =125 GeV L <PU>+19.9 my = 125 GeV
L | L L L IH e ol |5| 11 |1|O| L1 |1|5| L1 |20| 11 |25| 11 |30| 11 |35
o)
0 %0 100 150 200 pr (Ge\%so number of reconstructed vertices
kel
13 & 1.3 !
(2) Ezom CcMS preéiminary =R EZ-uu C'E”S preliminary IE
L EEg T T 1T L2 E VSE8IeVL=TI0M T
= E o]
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= = ke E . @
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X
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CMS

= MVA classifier validated in data using Z — ee events.

- Good agreement observed within uncertainties.

/ — ee < H - vy MG 53 Hgg 125 GeV s =8 TeV L = 19.6 fb”
= o 25 B B Gluon Fusion S
90000~ — Data CMS preliminary % - T xBllj I I i b4 I
— Yys=8TeVL=19.6"fb " - B
soo00f— [ Z- e me c ool [t |
= () 0 B BEZ ID Shape Systematics | s |
= C systematic uncertainty > - | |
70000 D -
= Y—
60000 :':O.= 15— I
50000 - i
40000 10—
30000 B
20000 5 -
10000 [ B
0. 02 04 06 08 1 91 0 = 05 T0

diphoton BDT output
di-photon BDT
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H — vy. cut-based analysis

= Cut-based analysis uses:
- cut-based photon identification

- a different definition of event categories

= Photon identification data/MC efficiency scale factors
computed from Z-ee and Z - upy.

Ro=E3x3/Exc

Cat 0 | Both photons in barrel Both phcutcms Rg > (.94
2!:: ::! I _:2 ::!:::!::5"""“"'::!:::!:::!2:!:2:!::!:::!::!_!::!:::!::!:::!2:!:::!::: i ::' :: """""""" i A B ::!:! !:!::! I:!:! !:!::!.::! FRESHEY Rg
Catl | Bot Tﬁhfﬂﬂnim ﬁﬁl 1S Iilﬂ .PE . 1Ry <024 1

(*;nlA ':iij‘;f&:g;: ;tu;; mmah At least one phi
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Each event category is weighted by its S/(S+B) only
for visualization purpose
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MVA mass-factorized
MET L m oS preliminary MET A8 prodim iy
— i VE=7 TaV, L=51 b’ I is =7 TeW, L= 5.1 fb"
Electron —a—f— /s =B TeV, L=196 fb" Eleglron| - 1528 TeV, L= 184 1"
Muon : : r' Ewent Class Muon B > - ::;::i
Di-jet loose > : i ' Tﬁgm Di-jet loose (<) o - S
Di-jet tight B £ g Iu i, = 780 280,25 Di-jet tight : 5 E , o imgy = 1.11+032-0,30)
Untagged3| o - Untagged 3| S -
Untagged 2 - Untagged 2 +-
Untagged 1| . Untagged 1|
Untagged 0| —.— Untagged 0 -
Diet| W ﬂHat:":":h. """""""""" By
Untagged3| == & I_. _ Untagaed3| @) E i =
Untagged 2 : £ e Untagged 2| f— E : - .
Untagged 1 8 r.,.. I;-;-- Untagged 1 = h 1:3
i ole] WO PO T8 vt e T R ks PN COWE ORI POC  <cco 18 RS O B
6 4 2 0 2 4 6 8 10 12 -10 -8 -5 4 -2 0 4 6 8 10
Best Fit m"USM Best Fit Ufﬁsm
| 748 TeV: 0/0, @ 125.0 GeV = 0.78 028, | | 748 TeV:ology @ 124.5 GeV = 1.11 %032 |
1 TeV: olog, @ 125.0 GeV = 1.69 *0& 1 TeV: olog, @ 124.5 GeV = 2.27 *080
8 TeV: 0/, @ 125.0 GeV = 0.55 920, 8 TeV: ol @ 1245 GeV = 0.93 03¢

= Despite the same names, the untagged categories in MVA and Cut-basd are not equivalent ,,
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= Low signal to background ratio a fundamental feature of this channel.
_ Uncertainty on signal strength driven by statistical fluctuations of the background.

= Analysis changes can lead to statistical changes due to fluctuations in selected
events the reconstructed m,.

= The correlation coefficient between the MVA and cut-based signal strength
measurements is found to be r=0.76.

Signal strength compatibility (including

correlation)
MWVA vs CiC 7+8 TeV 150
MVWVA vs CiC 8 TeV only 180
Updated MVA vs published (5.3/fb 8TeV) 160
Updated CiC vs published (5.3/fb 8TeV) 050

= The results of the two analyses are statistically compatible at less than 2c level.
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. Jackknife resampling can be used to estimate the variance of stat.
estimators in a non parametric way.

« Achieved evaluating © N [ [ 11 I

the estimator on Sy Sy
SseoLine skt :YARRRNNRRE T T e ———

sample.

. Given analyses A and B, used to estimate the variance of of m,-m,
applying the jackknife resampling to the events

selected by ; ENINRUHE (B NG IR RARARRARE
either analysis. — v i i), e

' :

G(M_J}l r{jlill_.]:ll]“l_ﬂ,'l

rolu,)o(u,) ofu,)

T

var (i) i
oy i
— —,

T T T T P AT T T T
]
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H - vy : MVA categories

CMS

Expected signal and estimated background
SM Higgs boson expected signal (my=125 GeV Background
Event classes 885 & S E:r 3 FT;\E’I—;]\#I /2.35]| My, =glr§5 GeV
Total | ggH VBF VH  tH | (GeV) (GeV) (ev./GeV)

T | Untagged 0 3.2 | 614% 168% 187% 3.1% | 1.21 1.14 33 +04
€ | Untagged1 | 163 | 87.6% 62% 56% 05% | 1.26 1.08 375 +1.3
5 | Untagged 2 || 21.5 | 91.3% 44% 39%  0.3% 1:59 L2 748 +1.9
Er Untagged 3 328 | 91.3% 44% 41%  02% 247 2.07 1936 £3.0
o~ Dijet tag 2.9 | 26.8% 725%  0.6% - 1.73 L3+ 1./ =02

n Untagged 0 17.6 | 72.9% 11.6% 13.0%  2.6% 1.38 131 219 =l
£ | Untagged1 | 39.4 | 835% 84% 7.1% 10% 1.51 1.38 930 =+1.0
= | Untagged 2 || 155.3 | 91.7%  44% 3.5% 0.4% 1.78 1.52 559.6 +25
; Untagged 3 || 162.1 | 925% 39% 33% 02% 2.63 2.18 10213 +34
& | Diettight | 93 |207% 789% 03% 01% | 181 143 33 402
b Dijet loose 11.6 | 46.8% 51.1% 17% 0.5% 1.87 1.60 120 =04

Muon tag 14 | 00% 02% 791% 208% | 1.87 1.55 0.7 +01
Electron tag 1.0 1.1% 04% 789% 197% | 191 155 0.6 =+0.1
Emiss tag 1.6 | 21.1% 25% 645% 11.8% | 1.81 1.66 1.7 +0.1
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