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Highlights from Monday’s CMS Talk...

(C. Mariotti)
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* 9 analyses contribute to low mass
* Hottest channels below 200 GeV:
H—yy , H>ZZ—>4f, HH>WW-—iviv

N. Amapane
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SM Higgs Searches at CMS

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

Channel Mass range | Subch. | Res. Ref.
H— vy 110-150 2 1-2% arXiv:1202.1487, HIG-12-001
H— 1t - {1 /ep 110-145 9 20% arXiv.1202.4083
H—tt —->uu (VBF) 110-140 3 20% HIG 12-007
WH- tvtt 100-140 2 20% HIG 12-006
H—bb (VH) 110-135 5 10% arXiv:1202.4195
H—>WW-— {viv 110-600 5 20% arXiv:1202.1489
WH— W(WW)—-3{3v 170-600 3 20% HIG 11-034
Ho> ZZ—> 41 110-600 3 1-2% arXiv:1202.1997
H— ZZ— 2i2q 130-164 6 3% arXiv:1202.1416
200-600
H—>WW=- {fvqq 170-600 HIG 12-003
H—> ZZ— 282v 200-600 2 7% arXiv:1202.3478
H—> ZZ— 221 190-600 8 | 0- arXiv:1202.3617

15%

High mass channels & VBF: see talks by Y. Gao and B. Jager!

N. Amapane
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HIG-11-033 (arXiv.1202.1487) &

H — yy HIG-12-001

. Search for narrow peak over large, smoothly falling background

— Background from m,distribution in data; resolution is critical

Multivariate analysis (HIG-12-001):

* Primary vertex selection

— MVA combining information on track recoil against di-photon system with
conversion pointing (when available)

— Additional per-event vertex probability MVA estimate

— Data/MC studied with Z — pu events (removing pis) and y+jets (w/conversion)
* Select two photons with pr > m,./3(4)

— Loose preselection on shower shape and isolation; electron veto

— Photon ID MVA to give per-object y/n° discriminator with shower topology, isolation
variables, N, ,, n of supercluster

— Efficiency measured on Z — ee, and Z — upuy for electron veto

* Multivariate energy correction for electromagnetic cluster containment; with
resolution estimate

* Energy scale and MC resolution corrections from Z — ee
* Classification with di-photon MVA

N. Amapane Blois, 30/5/2012 4



* Encode all sig/lbg discriminaton (except m

Di-photon MVA

) in a single variable

— Inputs: m_-independent kinematics, per-event resolution and vertex
probability, and photon ID

— Di-photon MVA output for signal-like events validated with Z — ee events by

inverting electron veto in the pre-selection

* Use this to categorize events

Full selection

—&— Dala

B== Drell-Yan

¢ BN Fake-Fake
Prompt-Fake

% == Prompt-Prompt

# of events/0.04
(@6 ]
o
o
o

I EZE3 IDMVA Systematics

di-photon BDT output
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Best class 4 pest class
245 CMS preliminary ~#- Cata 700 = cms preliminary ~4- Data
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H — yy: Event Classification

* Define 4 classes of events according to
di-photon MVA output

— Mass resolution and S/B vary signicantly as
a function of event class

o 5% class for events with di-jet tag (VBF
topology): s/b ~1/3

% 18 F cMs preliminary —4— Data
S [\s=7TevL=4761p" - Bratiod
5 16f -
© 14:_BDT >= 005 VBF Tag —e— 1xSM m, =120 Ge
P 12 e
% 10
> -
w 8f
6
4
2
foo 160 180

m,, (GeV/c?)

e Background modelling from fit to data

» Sufficient polynomial order chosen with toy studies category by category

* Alternative using mass-sideband model

e Signal modelling from Monte Carlo with smearing and scale factors applied

N. Amapane
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p+i= 193.9 GeV/c?
p:> = 78.0 GeV/c?

vy candidate

= with di-jet tag m, = 121.9 GeV/c?

| &

?jﬁ K3 fid l..
LS;Experlment at LHC, CERN [
"ﬂata recorded: Mon Sep 26 20:18:07 2011 CEST

-RunjEvent 177201 / 625786854

'_Lurnl section: 450
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H — yy: Results
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Global significance:1.5¢ in range 110-145 GeV

* Two regions of excess: 125 GeV and 136 GeV
— At 125 GeV, both di-jet tagged and not-di-jet-tagged categories contribute

N. Amapane
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H—>ZZ > 4

High purity, excellent resolution (1-2%), robust against pile-up

HIG-11-025 (arXiv.1202.4083)

Small signal : Need to preserve highest efficiencies for ID, isolation, kinematics

Select 4 isolated leptons with small impact parameter to PV

°
— Narrow peak over a locally flat background continuum
°
°
— In|<2.5 (m), 2.4 (e);
— p 1,2>20, 10 GeV, p; 3,4 > 5 (1) or 7 (e) GeV
— 50 <my, < 120 GeV, 12 < m,, < 120 GeV
H—ZZ7"—2e2yu, mH =120 GeV
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H—>ZZ > 4

* Control lepton efficiencies from data with tag-and-probe on
Z (for e,u) and J/¥ (for low p; 1)

—

> 1_ T |||||| |‘r r‘r|1r|1r|||1||wl|r||_ >‘ [ T | T ! T T ! ‘:| T T T ! | ! T ! ]
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O - N a a : : : 4 (&) o v ; .
= 09_— ............................................... . = 0.9 MC, Z— ee : ,,,,,,,,,,,,,,,, 7
TR m % E : E
R O e =
) - : g § § s s i . o o : ' ]
0-8;_ """"""""""" """""" """""" R I _; 08;5 7 < pr(probe) <10 GeV |

- i i : i i | In(probe)l <0.78 | 1 - i ' : ]

] i e —] 075 A + e —

- : : 1 1 5 3 E ; : . : 3

- 5 s : 1 | |-~ DATA ] - s 1 v s .

0.7 i ] 0.7 s A ——— e —
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] e e C zmee - ] e B £ —

E i i i | i ] “barrel i endcap ]

0.6 10 20 30 40 50 60 70 80 06 ———"95 1 15 2 25

P, [GeV/c |

* lrreducible ZZ — 4! continuum background estimated from MC

* Reducible Z+j, Z+bb and tt backgrounds estimated from Z + {{
(same-sign) sample, with fake rates from Z + { sample

N. Amapane
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H > ZZ — 4!: observed events

CMS \Ns=7TeV L=4.7fb?
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In the region 100 — 160 GeV:

— |3 events observed
— 9.5 %+ |.3 expected

Events/2 GeV
N
1

Final state:  4e 4 2e2U
Obs.events: 3 5 5
Exp.events: 1.7 3.3 4.5

LEP excluded (95% CL)

\s 7 TeV L 4.7 fb

=
w

+ 4y final state
- 2e2u-final state

o

LT e A

..2%

I'IT T [ 'I"l'['['I"l'I'I'I'I'|'I'I'I'I'|'I'|'I'!'I'I'|'|'1'|'1— 9]

-

1— | i
00 200 300 400 500 600
N. Amapane m, [GeV/c






Y
\

de Cé‘ndidq\t\;@ \

T
|‘,‘ 'l“ “III‘
T




H > ZZ — 4%: Results

CMS \s=7TeVL=47fb’

1 CMS Preliminary 2011 Ns=7TeV L=4.711f0"
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<r
N : i i — — !
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m,, shape used to extract final results
95% C.L. exclusion forl34-158, 180-305, 340-465 GeV

“observed excess makes limit weaker than expected”

N. Amapane Blois, 30/5/2012 14



* Analysis discussed in next talk!

— Results from MVA shape analysis
5 categories: 0/1 jet (SF/OF),
2jets (VBF)
* Results (95% CLS)

— Exp exclusion: 127-270 GeV
— Obs exclusion: 129-270 GeV

LI I B LN B B NN B B B R B T

o
T [ T

—e— pseudo-data (Higgs 124 GeV)

s 10
ot
% CMS preliminary --- median expected
c H - WW (cut based)
E L=46tt" expected + o
£
= expected = 20
-
0]
X
[Tg]
(o))

*vu.

N B N T e gs
110 120 130 140 150 160

Higgs mass [GeV]
N. Amapane

95% CL limit on c/cg,,

HIG-11-024 (arXiv.1202.1489)

H > WW-o2{2v

10 | T T T | T T T T T T T T | T T T T |

I median expected CMS preliminary -

L H— WW (BDT based) |

expected* 1o L=46f"

B expected + 2¢ 7

i —e— observed |

S —

______ R e

0 _|— 1 1 1 1 |‘-- I“- 1 i 1 1 | 1 1 1 1 | 1 1 1 1 _|—
100 150 200 250 300

Higgs mass [GeV]
Broad “excess” below exclusion
— But poor mass resolution (no peak)

— How would a signal look like in this
plot?

* run pseudo- experiments with
pseudo-data @ 124 GeV

Blois, 30/5/2012 15



Other Low Mass channels...

CMS preliminary, /s =7 TeV, L = 4.5 fb™!, Hotioup
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N. Amapane

HIG-11-032 (arXiv.1202.1488)

Comblnatlon HIG-12:008
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Summary

* 9 analyses presently contribute to low mass H results
— full 2011 dataset analyzed

« SM Higgs excluded at 95% C.L. above 127.5 GeV

* Modest excess does not allow to exclude the range between
| 14.4 and 127 GeV, leaving a window open for the Higgs

“More data are required to ascertain the origin of the observed
excess’ - HIG-12-008

The data is coming!!

N. Amapane Blois, 30/5/2012 18



Backups
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HIG-11-032 (arXiv.1202.1488) & HIG-12-008

vy + LL vs. bb + 1t + WW

|-2% mass resolution |0-20% mass resolution

CMS Preliminary —=— Observed
Ns=7TeV #59 Expected (68%)
ZZ +yy,L=48f" | Expected (95%)

CMS Preliminary —=— Observed
i Ns=7TeV 59 Expected (68%)
[ bb+tt+WW,L=461" |- Expected (95%)

—_
o

—

o

95% CL limit on 6/6g,
95% CL limit on 6/6g,,

—r

—

107'E
IIII|IIII|IIII|IIII|IIII|IIII|IIII IIII|IIII|IIII|IIII|IIII|IIII|IIII
110 115 120 125 130 135 140 145 110 115 120 125 130 135 140 145
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ZZ does not remove excesses Broad |c excess |12 — 145 GeV
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H — vy : Analysis flow

A
> Estimate i [>| PlPhoton Mass I":I=ia1:sss
EM Cluster Regression :
(RAW Energy, :
Shower Shape, H
Local/Global Photon : Per-Event
Coords) Energy .---4--» Mass Resolution Results
> Regression Estimate
(Cluster
Corrections) A
Primary
Vertex — Prima ¥
Reconstruction Verter: —> Ma:lsnza:':::;:!:ed Di-photon MVA
) Probability [}
Reconstructed MVA
Tracks
Conversion | | o~
Reconstruction
Primary
H Per-Event
| |  Vertex : e Results
Selection RREED SEF 2
ECal and HCal Vertex
Deposits MVA Probability
v Categorize
and Count
Selected MVA
»{ Isolation Sums [« Primary
Vertex
Photon ID
N MVA
“l (Photon/jet
discriminator)

Strategy: Process available information into quantities with straightforward physical
interpretations in order to combine per-event knowledge of expected mass
resolution and S/B into a single Di-photon MVA" variable

N. Amapane Blois, 30/5/2012 21



Rely on Data:
Start with Z1 + {recogreco

Which contains would-be signal-like
Z+jets, Zbb and tt

@ “Fake Rate Method”

Define a sample of SS-SF
lL.e. Z1 +e*e*, uu

NZ +X

expect

gi (p T 77) Risnc k

= fake rate obtained
from independent

sample Z1 + exactly
one [reco

0.175

N. Amapane

—

Data OS N
N S S (Z 61 (pT > 77)Rz'so< k'xg2 (p 7> U)Riso< k

H —» ZZ — 4{: Background Estimation

Cross-check HF component:
Define a sample with leptons
at large impact [SIP;5| > 5

Events/2.5 GeV/c?
[#1]
o

E=
(=]
T

w
(=]
T

201

10

Qj(] 60 70 80 90 100 110 120
M, [GeV/c?]

Extrapolate to signal region
using SIP,, shapes

= tt contribution proven
negligible in signal region

= Zbb/tt proven negligible for
60 <My, , <120 GeV

Blois, 30/5/2012 22



HIG-11-029 (arXiv.1202.4083)

o Anal)’S|S methOd: ;- o5 Cl\:’lS:\/lg=l7'I|'e\ll, |T=I4.6I flf1 _ l:.ll clhar:nells
S (5x) H—>11 my=1207
] 4
_ . —e— observed
Use ey, et,, and pr,, final states g ol i ]
= 20 3« §
— pp mode added recently [HIG-12-007] & : B ciecroweak ]
: . . i [ multijets .
* mass reconstructed using kinematic fit of S 5L VEF Category b
visible products and missing E-with likelihood = '

constraints on decay kinematics

 Z — 11 background estimated from Z — uu
events in data with replaced by simulated t

* W + jets and multijet background estimated , ,
from high transverse mass and same-sign 0 100 200 300
control region m,. [GeV]

* Binned ML fit to m__ in 3 categories for each
final state

— di-jet VBF tagged, boosted (leading jet pT > 150
GeV), remaining 0/1 jet events

Also: WH(tt) [HIG-12-006]

— Use te'u't,, utpu't,” and c.c.

N. Amapane Blois, 30/5/2012 23



VH — bb

ills QCD; provides trigger

FrT T
. CMS

: ey
- spectrum of V+jets is softer 210 e TenL=ar ! 91 G rrenLaarn E
PT P ] § 5 E W(uv)H(bb) § 3 W(ev)H(bb)
* boosting V and H increases S/B o H
. 10%E E E
— 3 topologies (5 channels): :
s Zo>UZo>vw,Woiv[l=e ] o8 E E

* Main backgrounds

10" = E
— V+bb, ttbar, single top, VV I .. e "
-06 -04 -02 0 02 04 06 -0. -04 -0.2 0 02 04 0.
* Mass-dependent MVA analysis BOT output BDT output
e Trained on simulated signal/bk Swbems L Syplews T
- FNs=7TeV,L=471b" 2 P s ?‘{Tev,_L=4.7 b’ E
* Rates for W/Z+jets and tt from data § 10 e 1 S D 1
o £ 3 F
* Diboson, single t from MC 10° gét%t .
F e ]
e Cut&count on MVA output 10F . 1
e b-tagging 3 .
* Fake rate ~2% for ¢ = 70%; pT dependence 10} e i ]
R S N | oo I P AN I SN C ]
i i -1 -08 -06 -04 -02 0 02 -06 -04 -02 0 02 04 06 08 1
. calibrated on data with tt events BDT o Lo
8 L CMS prelim. at 7 TeV, 4.7 fb! -
i, 08__ ) o 10 FCMs E . D
& r :(m R | «
3] = - & 108 - Z(vV)H(bb) | —— VH(bb)
2 0.6 : :8: - ] Bl vHeoB)
__? - 102 . [ lz+bb
= B CSVM F ; [ ]Z+udscg
04 10} a8 4 T w.vs
N -o- Data muon jet o — . B W + udscg
02— 1 E I
- === Sim. muon jet g ] [ single top

o . . o 107 E L w
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