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CMS

D Solid foundations

Dec 2014 CMS Preliminary
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... through always improving algorithms
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CMS

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

D Electrons/Photons

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEGM
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Jets and MET

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsJME
= Pile-up interactions produce challenging environment.

= Big effort went into tuning algorithms for pile-up mitigation on
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[), The quest for the

Higgs boson
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Gluon fusion
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... and decays
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Brief historical interlude

= Or:

CMS

“how a discovery that was expected to take

10years was compressed Into just 2....

7]
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CMS

D new boson
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4™ July 2012: CMS and ATLAS announce Evidence for a new boson.

[Phys. Lett. B 716 (2012)] 1-29 (ATLAS)
[Phys. Lett. B 716 (2012)] 30 (CMS)
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2011 2012 2013 2014
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Characterization of the new state with full Run | dataset:
Production and decays rates consistent with SM Higgs
0* spin parity favoured by data.

8™ October 2013: Nobel Prize for

[CMS-PAS-HIG-13-005] Physics awarded
to prof. Higgs and Englert.
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Final results on Run | full dataset published 1-2 years after the discovery

of the new boson.

Ultimate precision for this dataset attained.
Preliminary combined analysis of all channels presented in July 2014.

CERN-LHC Seminar 27/01/15

P. Musella - Hlges Mass and Couplin

os from CMS




Today: combined analysis

2011 2012 2013 2014

—

—

Precise determination of the mass of the Higgs boson and tests of compatibility of its couplings
with the standard model predictions using proton collisions at 7 and 8 TeV

CMS Collaboration
(Submitted on 30 Dec 2014)

Properties of the Higgs boson with mass near 125 GeV are measured in proton-proton collisions with the CMS experiment at the LHC. Comprehensive sets of
production and decay measurements are combined. The decay channels include gamma gamma, ZZ, WW, tau tau, bb, and mu mu pairs. The data samples were
collected in 2011 and 2012 and correspond to integrated luminosities of up to 5.1 inverse femtobarns at 7 TeV and up to 19.7 inverse femtobarns at 8 TeV. From the
high-resolution gamma gamma and ZZ channels, the mass of the Higgs boson is determined to be 125.02 +0.26 -0.27 (stat) +0.14 -0.15 (syst) GeV. For this mass
value, the event yields obtained in the different analyses tagging specific decay channels and production mechanisms are consistent with those expected for the
standard model Higgs boson. The combined best-fit signal relative to the standard model expectation is 1.00 +/- 0.09 (stat) +0.08 -0.07 (theo) +/- 0.07 (syst) at the
measured mass. The couplings of the Higgs boson are probed for deviations in magnitude from the standard model predlctlons in multlple ways, including searches
for invisible and undetected decays. No significant deviations are found. ! ' .

Comments: Submitted to Eur. Phys. J. C

Subjects: High Energy Physics - Experiment (hep-ex)
Report number: CMS-HIG-14-009, CERN-PH-EP-2014-288
Cite as: arXiv:1412.8662 [hep-ex]

(or arXiv:1412.8662v1 [hep-ex] for this version)
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What is included =D

Production

A
Z

6.5(6.3) G 1-2%

\J

4.7 (5.4) 0 15%
5.6 (5.3) & 1-2%
3.8(3.9) ¢ 10-20%
2.0 (2.6) & 10%
<0.1(0.4) & 1-2%

Decay
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CMS
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Precise determination of the mass of the Higgs boson

Production

Hozzay v s ,
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A 5.6 (5.3) 1-2%

Decay
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CMS

),

= Golden channel: 4 isolated leptons.

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

= Low event yield. Demanding requirements in terms of efficiency down
to leptons' p; of 5-10GeV.

CMS \s=7TeV,L=5.1fo";\s=8TeV,L=19.7 fb"

- Background rejection @35 Cmezce 7 4 E
Improved through mabk | O#zZ2 E
kKinematic discriminant w ‘ H _ 4 ]

€ 25[- =

P , My, 01,0, 0,0%, O ‘O F ]

K, -+ b (1121, M2, 01, 0 1[m40) ook | E
Pg(m1, ma, 01, 0, @, 0%, ®1]my) : ZZ continuum -

15F I. || I —

1o | | E

- .

St H‘U Id,l |‘| ‘ .

el TR By )

80 100 200 3oo "400 600 800

m,, (GeV)

ERN-LHC Seminar 27/01/15 P. Musella - Hlggs Mass and Couplings from CMS




CMS

D Lepton energy/momentum scale

= Energy and momentum scale and resolution for both electrons and muons
calibrated using J/¢, Y and Z — |l decays.

= Systematic uncertainty derived from residual data/MC differences

. m, measurement Swe
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= Mass measured through 3D fit to m,, mass-
resolution estimator c,.,/m,and 1C
mb>*'=125.6+0.4(stat)+0.2(syst)GeV
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CMS
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19.7 o' (8 TeV
( ) 108

= Search for a narrow peak on a 8" I
smoothly falling background. 3
= Excellent mass resolution (1-2%). 5 'S
(Energy resolution and vertex
identification). K | | | )
= Rejection of reducible background . e 8 Tov) + 51 (7 Tew
also crucial. 3_55_ fﬁ"i S/(S+B) weighted sum
- ¢ Data
3

—— S+B fits (weighted sum)
o5 : ------ B component

= Background estimated using
m,, side-bands.

—_
ot

= Data driven corrections from Z - ee,
Z —uuyand Z- uu control samples.

E I =1.1470%
0.5 i, =124.70+0.34 GeV

S/(S+B) weighted events / GeV

= All production modes analyzed.

100

= BDT discriminants enhance L
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CMS

Photon energy scale

= Photon energy scale and resolution corrections derlved from
19.7 b (8 TeV)
Z — €€ events ¢ Barrel hlghR T Barrel IOWR9 | C|IV|S,'
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= m, extracted from simultaneous fit to m,, in 25 event categories.

= Normalization of ggH,ttH and VBF,VH production floated independently.
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Combined mass measurement |

= QObtained through simultaneous fit to H— 4l and H - yy datasets.

= Same modelling as for individual measurements.
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. = 125.02°0% (sta)"*"* (syst) - - :

oF : ; E 6F The two channels are -

St \\ // = 5 compatible within 1.6 -

4c < 4c <

3c | " = 3F E

25 E 2F E

1 : 1 :

0: [ [ R [ [ 0 1 . O: [ I TR | R ]

123 124 125 126 127 -2 -1.5

my, (GeV)
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PDEEEE TN

and tests of compatibility of its couplings with the
standard model predictions using proton collisions at 7
and 8 TeV

Production
%
%
v/ v/ v %// 6.5(6.3) o 1-2%
v/ v/ v v/ % 4.7 (5.4) c 15%
v/ v/ v/ v/ % 56 (.3)c 1-2%
v/ v/ v v/ //%/ 3.8(3.9) ¢ 10-20%
> v v/ % 20(2.6)c 10%
§ v v/ //% <0.1(0.4)c 1-2%
2 % . . 0
y y %/
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Putting everything together

( Note: Will fix m, to 125 GeV in the following. )
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CMS

Characterizing the Higgs boson

= Properties of the Higgs boson can be inferred
correlating the event rates measured in all the channels.

“Signal strength” _
Measu red Estimated

| ' '
Ncat Zpd 8 A Ch . Of)MtBRgML] + Bkgch

Predlcted

Inference Statistical model

L(data|u; éu)

= —In — | -
alw L(datalii; 0)
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Overall signal strength

= Simplest model: one overall signal strength (uch= )

(1=1.00"313|£0.09(stat)*4% (theo) =0.07 (syst |
= Good agreement with theoretical predictions.

= Theoretical and experimental uncertainties have similar
Size as the statistical ones.
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CMS

D Grouped by target decay mode

= Check consistency of different channels with SM

hypotesis.
@:1.00i%’.11‘§[10.09(stat)i%‘%%(theo)iO.07(syst)]
_ 19.7 b (8 TeV) + 5.1 f5' (7 TeV)
= Grouping channels conines | CMS m, = 125 GeV
. pSM=O.96
by decay mode yields o taoed
Very gOOd w=1.12+0.24
H— ZZ tagged

compatibility with SM
Higgs predictions. H—> WW tagges

w=0.83+0.21

H — 1t tagged
u=0.91+0.28

H — bb tagged
w=0.84+044
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by target production mechanism

= Another possible grouping is by target production
mechanism.

(1=1.007513/£0.09 stat ) *5%5 (theo)£0.07 (syst )|

19.7 o' (8 TeV) + 5.1 5" (7 TeV)

= Signal strength for ttH _ [cMms = 125 GoV
tagged channels
roughly 2¢ higher than s 015
SM prediCtiOn. VBF tagged
= Mostly driven by excess in o
same-sign di-lepton R 0ss
channel. - i
0 BT

Best fit G/GSM
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),

= Can also split more finely.

(1=1.00"313|+0.09(stat)*4% (theo) =0.07 (syst |

19.7 o' (8 TeV) + 5.1 f5' (7 TeV)
m, =125 GeV

Combined

p=1.00+0.14 CMS

H — vy (untagged
Py = 0.84

= Much reduced H— vy (VBF tag

] ] o H— vy (VH tag
statistical precision. o (i ag
H— ZZ (2 jets

= Picture consistent S W (VOF g
H— WW (VH tag

with SM predictions. Hs WW (tH tag

H— 17 (0/1 jet
H— 1t (VBF tag
H— 1t (VH tag
H — 7t (ttH tag
H— bb (VH tag
H — bb (ttH tag

R s N R W Nl L e P N e

4 2 0o 2 '_4"'6
Best fit G/GSM
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to production processes

= Search channels don't select exclusively one production/decay mode
(exA matrix is not diagonal).

= Account for this effect in the fit to extract specific production/decay
signal strength.

"= X g (e A)D - oSMBRM-L| + Bkg”

19.7 fb"! (8TeV)+ 5.1 6" (7 TeV)

L O oms T R age
= Group “bo_sonlc” and “ferm_lonlc” g | ﬁﬂ:ﬁfﬁiﬂ;‘ia-
modes to improve uncertainties. A © Horrtagged ||
~» H— bb tagged
- { SM Higgs

-i’ |

v/
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CMS

to production processes

= Can also combine informations from all decay modes.
= Fermionic-to-bosonic production ratio (decay independent).
= Per production signal strengh (assuming SM BRs).

| 10 [ TTTT T TTTTT T 1|g|?| 'I:tT_1| €8| ITIEH)|-I|- |‘?-|1| th1|(|?| TTE??_ 197 fb_1 (8 TeV) + 51 fb1 (7 TeV)
£ 9 :_ CMS — Observed : CMS Wl 68% CL
< F ----Exp.for SMH | —95%CL
QU 1l : 7
! - ] E +0.19 ] —
7t Decay-independerit 1 My =085 -m= Wya=U,
6F i E '
- K E +0.37
55 1 My = 110003 | —=il—
41 : } -
F = +0.38 ]
35 ‘. 1 My, =092 5 | —t—
oF |, . '
- | +1.08 :
1 - . , l uttH = 2.90 0.94 E i —
O_IIIIII\“I-_.’ [ ' S N T N N |||||||||||||||||||||||||||||
o5 1 16 2 25 3 3. 4 0 1 2 3 4 5 6
H VBF,VH uggH,ttH Parameter value
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D From signal strengths to coupling modifiers

Gauge sector

-

-
-
-
e
-
e
-
-
-
-z
-
-

’ Mixed
sector

-
- -
-
-z
- -
-
-
-
-
- -
-
- -
-
z
3
=~ 3
-~
S
-~
RS
-~
S
S
s
~~
-~
S
S
=2
\ /
<
S
-~
S
Down type G l

Yukawa
SECtor Loop-induced

~
S~
<
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What are the coupling modifiers?

= Simplest parametrization of Higgs-couplings deviations from
SM values.

= Strengths modifications from SM amplitudes (LO EWK, NLO QCD).
= Assume kinematics unmodified.
= Motivated only for small deviations from SM.

2 2 SM
o -BR, = o L4 _ kp.kd-GSM-rd
p d — p I - 2 p SM
tot kH rtOt
= Parametrise u's in terms of k's 1212
= Can test different assumptions on Woa = p2 -
relation between k's. kH

= k, paramatrises change in total width:

= As an independent parameter or as a function of the other k's
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Simple models

= Common modifier for
fermion couplings: k;

CMS 19.7 fo'' (8 TeV) + 5.1 b (7 TeV)

2 - * Observedé
= Another one for boson < |o smHiggs

couplings: ky

15 ...............................

= Parametrize loop-
mediated couplings as In

SM. 1
P
W 05
.\/‘\/\
t &
H <vt 0 |
t o, 0 0.5 1 1.5
g KV
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Simple models: summary.

= Summary of the fits of six benchmarks model 3
fb (8 TeV) + 5.1 fb' (7 TeV)

Probing: CMS - o O
. - 0. : == 95% CL
Custodial symmetry. i .
= Fermions and vector ky = 1.01700" o
bosons k=080 —_-
= Up/down fermion coupling *,, =0.9971" R
rato b= 1080z |  ——lem—
« Lepton/quark coupling ratio. «, = 0.89:1! -
- BSMinloops: gluons and %, =114535| —-—
hotons. BR 0.1 4 :
p BSM < oo b b e
= Extra width: BRggy,. 0 05 1 15 2 253
Parameter value
= No significant deviations from SM. L
ab* k.

b
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CMS

= Parametrize k's as
kW,z = vev X mzy,; [ M1+2¢

19.7 0" (8 TeV) + 5.1 16" (7 TeV)

Kipte = VOV X Me i/ Mire o T T
< +CMS t

N 1E :

- SM: S §

' — | |=68%CL ]

M = vev = 246.22 GeV © 40k | gro -

= S 95% CL §

—_ O < - >

e=V. C |---SM Higgs -

CERN-LHC Seminar 27/01/15

280 300

o 03— 127BBTeY) + 511 (7 TeV) 2 |
- CMS 10 = E
0.2[ e ] C ]
:_‘ T T T T \‘: .................. 7 — - ]
O.‘I; (/ \\\ ...... ‘ 1 O 3 | (“A:l 8) flt _
0.0k . oS = ° 3
s y - =68%CL | °
= — 95% CL |
g | 1 1 1111 II | 1 11111 II | 1 1 11111 | ] —

s | 0.1 1 10 100

Particle mass (GeV)




= Again no significant deviations. gy =
Ky =75

Float total width and ratio

Decouple k and k_ from k, and k|, ! b
b J of coupling modjfiers.

19.7 b (8 TeV) + 5.1 f5' (7 TeV) 19.7 o' (8 TeV) + 5.1 fb" (7 TeV)
CMS = 68% CL CMS = 68% CL
== 95% CL . = 95% CL
; +0.14 '
Ky = 0.96_+8:1§ S =098, —l—
. +0.15
Ky = 064702 Pz =087 0s)
: A, = 1.39%038 S
+0.18 . Zg -0.28 :
Ko =0.827 45 ——_—— 0.02 ;
5 A, =0. 59*0 g [ ————
= 032 : l 0 93+0 A7
: vZ = 0.14 "i'-:
+0.15 ' '
% =0-7.013 . A, = 0. 79*8}3 ---—Z
NTERTE I S SRS RS R , Ll
0 0.5 1 1.5 2 2.5 0 0.5 1 15 2 25 3 35
Parameter value Parameter value
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CMS

Roomfor BSM decays?

Strength of observed channels can be used to infer the one
of unobserved ones.

= The inferred constraints depend on the assumptions being
made.

= In these parameterizations, contributions to the total with can
be classified as:

FBSM
fix r T float I’ (kj)+ I_‘inv +Fundet
. Decays widths Decays to weakly Undetected decays
E(ieecc?}[/o\,\g?\;clh\?alue associated to interactive particles. not predicted by SM.
' floating coupling
modifiers.
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CMS

Roomfor BSM ?

= Two particular models:
= Float only loop-mediated couplings and total decay with to BSM (left).

= Or, in addition, also assume all BSM decays are invisible (right).
Combine with results from direct searches.

19.7 b (8 TeV) + 5.1 f5' (7 TeV)

19.7 b (8 TeV) + 5.1 f5' (7 TeV)
I | | I | I I I

1 10— | 7 a 07— -
- - CMS — Observed E C " CMS — Observed E
— 9 . — 9t ]
< Ky, Kg BRyg, ———-Exp.forSMH |7 < - Ky Kg BR ----Exp.for SMH |7
[Q\| 8:— = [Q\ 8:— - =
T . 75 E
6 e
s s
4 s 4c =
3F . 3- -
2 E 2r .
; : 1E :
0: ______ . . 0: . | . . | o]
0 0.2 04 0.6 0 0.2 0.4 0.6

BRgsw | | BR.

inv



CMS

....and more ...

= “Constraints on the spin-parity and anomalous HVV couplings of the
Higgs boson in proton collisions at 7 and 8 TeV” [arXiv:1411.3441v1
(Submitted to PRD)].

= “Constraints on the Higgs boson width from off-shell production and
decay to ZZ -4l or 212v” [PLB 736 (2014) 64]

= Several searches for BSM in Higgs sector and rare H decays.
Full list at:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG
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CMS

),

= A Higgs boson was discovered by the CMS and ATLAS collaborations
in 2012.

= Two years after the discovery CMS has completed the final analysis of
the Run | dataset.

= The mass of the Higgs boson has been measured to be.
m, =125.02*0°" (stat ) 01 (syst ) GeV
= Combination of several channels allows to infer properties of the new

particle, in particular on the structure of the Higgs field couplings.

= Precision attained on signal strength/coupling modifiers is in the 10-30%
range.

= Results are consistent with SM expectations.
= Looking forward to LHC Run II.

= Increased precision will allow for more stringent tests of SM predictions.
= Stay tuned.
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Thank you for your attention!

“Precise determination of the mass of the Higgs boson and tests of compatibility of its
couplings with the standard model predictions using proton collisions at 7 and 8 TeV”
[arXiv:1412.6886, submitted to EPJC]

and references therein:

“Measurement of the properties of a Higgs boson in the four-lepton final state” PRD 89 (2014) 092007

“Observation of the diphoton decay of the 125 GeV Higgs boson and

measurement of its properties” EPJC 74 (2014) 3076

“Search for the standard model Higgs boson produced in association with a top- JHEP 05 (2013) 145
guark pair in pp collisions at the LHC”

“Search for the standard model Higgs boson produced in association with a W or a

Z boson and decaying to bottom quarks” PRD 89 (2014) 012003

“Measurement of Higgs boson production and properties in the WW decay channel

with leptonic final states” JHEP 01 (2014) 096

“Evidence for the 125 GeV Higgs boson decaying to a pair of T leptons” JHEP 05 (2014) 104

bConstramts;on the Higgs boson width from off-shell production and decay to Z- PLB 736 (2014) 64
oson pairs

Searc_:h for invisible de_cays of nggs bosons in the vector boson fusion and EPJC 74 (2014) 2980

associated ZH production modes

“Search for the associated production of the Higgs boson with a top-quark pair” JHEP 09 (2014) 087

“Search for a standard model-like Higgs boson in the p + y— and e+ e — decay arXiv:1410.6679

channels at the LHC” Submitted to PLB.
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Additional material
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CMS

Tau's and b-jets

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBTV
=  Tau identification crucial for H - tt searches.

= Tau fake rate at 0.1-1% level with 50-70% identification efficiency.
= Besides b-tagging, b-jet energy resolution very important to H — bb searches.
= With BDT regression technique <10% resolution on my,.

= Performances predicted by simulation nicely validated on data.

, CMS Preliminary 2012, ys=8TeV,L=19.7 fb"
107

% E ® MVA incl. Lifetime very Loose Data 8 LN L L L B L LR IR ‘_ ! Il‘ AL B
= F MVA incl. Lifetime very Loose MC g r H H — Nominal ,
dJ L ] MVA incl. Lifetime Loose Data d 000 [ CMS PI‘E'ImInaI'¥1 - egression ]
S . O MVAincl. Lifetime Loose MC ~ - Vs=8TeV,L=19.0fb
L AP 4 MVAincl. Lifetime Medium Data 2 - Data Z(I'T")+bb
107 9, 2 MVA incl. Lifetime Medium MC c -
%ﬁ "-J!ls v MVA incl. Lifetime Tight Data G>_) 800 - _|
== v MVA incl. Lifetime Tight MC (0] L
o m Bg
’:ug 0, ™ . L
* ngn_i: T _ . i L _
ﬁiﬁg I 600 - -
C :E'::—D—n—g— [ ,
- BT T = =
i — . I ]
B B 400 -
e T i .
E pov v b b by Py b by
e 200~ s
ég bz B I |
@l = (0] T — —
' .E = L L1 | L1 | L1 ‘ | I | ‘ L1 | | L1 | L1 L1
o3 02— =3 — = 0)
= = 0 02040608 1 1.214161.8 2
= L [ A P P I B praIance

P AT I L | | ey
50 100 150 200 250 300 350 400 450 500
P [Gev/c]
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H — 4l : electron E/p corrections

CMS Simulation Vs =8TeV CMS Simulation Vs =8 TeV
% 500_ B | | | L ] T | g L | L | L | Q _I | [ | TTTT | TTTT | TTTT TTTT TTTT TTTT | L | T I_
0] - Gy, ™ Y= 2.8 GeV + ~S~ ECAL_, only T '--:_0. 14 — ECAL barrel —@
L0 L ol "™ = 3.8 GeV ' . i @ § @%@ﬂ]_
™ 400 Eregr-p comb. _ © 0.121 . @qﬁ] -
S T . : b DD :
T i AL P OMD. _ 5 g 3o H—Z7Z — 4e ] = I'lt_l q._‘ ﬁ:}@ i
2 e ' m,=126 GeV  _ 0.1 of Gt 7]
S 300[-0u T = 28GeV 7 B BE iy ]
o & 1 0.08[ o ]
- ] FO ol ® Eieq-p comb. ]
200 j i 006 B OO Ij[:]l:l O ECALstd -
[ ] - dHo 0 Track -
; : 0.04f o e
100} ~ RN TR ]
i 1 0.02F L -
‘,‘;'..,.;'.:.!.i‘:" | e _,"h-—-i",;- O:|||||||||||||||||||||||||||||||||||||||||||||:

110 115 120 125 130 135 140 10 20 30 40 50 60 70 80 90 100
m,, (GeV) Electron p (GeV)
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CMS

D H — 4l mass resolution estimator

CMS \s=7TeV,L=51f"; (s=8TeV,L=19.7b" CMS Vs=8TeV,L=19.7 fb
N _I L L I LI | L I LI | L I_ —_ 0_05_I T T T | T T T T | T T T T | T T T T |’, IIIII /]
o 20 . N i i
o ® data 7 S * Z—e'e data
S % 1 Tho004
E 16 . £—a E b [ ° Z—u*u data
S 14f - 9
o ¥ o N ) ]
3 12 E = 0.03f
10 — 8 i
83_ i = 0.02r- , : -
4+ = 0.01- D E
2 + E .
B e T _l:l‘J|||||||||||||||||||||||_
0.01 0.02 0.03 0.04 0.05 0.06 0O 0.01 0.02 0.03 0.04 0.05
Opm, /My, Predicted o,,/ m,,
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[),H — yy: BDT discriminants

19.7 fb' (8 TeV)

— x10°
g 250 i CMS ¢+ Data
S
% | [1Z—>e'e (MC) 19.7 o' (8 TeV) 19.7 o' (8 TeV)
© MC cluster sh tainty S " F g’
> 200 | [ MC cluster shape uncertainty |8 ,,[ cMs Ny<15| & [ CMS Ny > 15
L 2 2 1sf
| ‘2 ¢ Data ‘2 4 Data
S 15| o (] L ror
k T 1 Z—-ee MC o [ Z—-eeMC
[ [ MC syst. 10'_ [ MC syst.

1ok I

o

N
) % 1.2 %
= g g
S
_.CE 1 8 08 1 ] ] (O“ ] ] ]
< 0.2 0.1 0.1 0.2 0.3 0.4 -0.2 -0.1 0.1 0.2 0.3 0.4
O 0.5 Photon ID BDT score Photon ID BDT score

| 1 | | | 1
0 01 02 03 04 05 06 07 08 09 1
Transformed diphoton BDT classifier score
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D Energy corrections (at m,) and linearity

> Photon energy corrections : &m, = 0.05 GeV
> Method stability against R9 reweighting, selections, fit range
> Residual non linearity : §m, = 0.10 GeV
> Dielectron invariant mass vs Hy = 72 (E1; + E+,) in boosted Z _ ee
> E/p vs E;with electrons from Z and W decays 19.7 o' (8 TeV)

;T_w Barrel hlgh R, | Barrel low R, CMS _

* Error band scaled

to get X?/dof =1 -;_mg
* Also verified with : 1 #_
parabola |
0.998|

1.01} Endﬂap hrgh R, -

+Jf-; i S
1 % mg data/MC |
T 4 Elp dataMC

~—80 100 40 60 80 100
E,; or H./2 (GeV)

Relative respon

Additional checks
* Gain switch of
electronics in
< 2% of events
negligible




Photon/ electron response difference

CMS

> Imperfect simulation of e/y difference : &m, = 0.10 GeV

> Per-photon effect from double ratio of e/y response difference
in modified and default simulation

> Longitudinal non-uniformity of light collection : 0.02 GeV (next)

> Imperfect EM shower simulation : 0.05 GeV
* G4 modified with Seltzer-Berger model
> Imperfect descrintion of material :  0.07 GeV

" Unpublished | Ry<0.94

o
~
T

xﬂl.-#_— * Eleciron frack * ’
1.

al i Hadron frack 4

- Mod: +#20% | 1
1.2F .
_ Mod: +10% b 3 { :

1J- ank iI}} t4 i
et e ':

E ] ] e i )
0.9 0.5 ] 15 5 25 0

o .
T T T T T T
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o
N
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D Photon/ electron response difference

(2)

CMS

> Imperfect simulation of e/y difference : &my = 0.10 GeV (cont’d)

> Longitudinal non-uniformity of light collection :

0.02 GeV

* Residual non-uniformity from lab tests (all crystals!): 0.14%/X,
* e/y response difference from difference in shower depth

- Per-photon scale change (including radiation effects): ~0.05%

anti-correlated between BS56S:

Mean -0.1443
RMS

0.1636

IIlllllli

Front non unifr ,
upon depolishing
one crystal side

number of crystals
w W
o
o
o

IIIIIIIIII

IIIIIIIIII

cceptancejrange

IIIIIIIIII

' BETRTY . O DTSN NN S VNN N RN SN TN NN PR

-0.6 -0.4 -0.2 -0 0.2 0.4 0.6

e

0.8
%/X_0

Dependence on radiation damage also studied in R&D

gilection weight

Energy

1.04

—_
o
)]

0.98F

0.96

and R9<0.94 photons

L Unpublished

CMS

—— dE(e)/dX (E=60 GeV)

—— dE(y)/dX (E=60 GeV) |

—— Default profile

---- Modified profile
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= Use of Z—uuy has limited usefulness to constrain
H - vy photon energy scale, due different kinematic regime.

= Still a valuable cross-check.

CMS 19.7 fb™ (8 TeV)
_ Preliminary Z-spuy
;_ + Data
'? Simulation
| 1 1 1 1 1 | 1 1 1
0.6 0.8 21 212 2142
Sg, (mum’ - mgy) / (mZ - mg,)

CMS

oE,/ E,=0.25 +- 0.20 [0.11(stat)+0.17(syst)] %

CMS 19.7 ib™ (8 TeV)

- Preliminary b o

:_ <+ .Simulation

- H— vy

5 .

0 15 20 25 30 35 40 45 50 55 60
p! (GeV)




D Vertex identification in H — vy

CMS

> Resolution unaffected if vertex within 10 mm of true position
1. BDT to identify vertex 2.

> Hardness of interactions p+

> Balance of diphoton system
and charged tracks

» Conversion information

Closure test on simulation 8 TeV
£
£ CMS H—7yy (m =125GeV)
o Simulation <PU> =21
\% 1 ]
. :
N° 0.9f E
| . . -
® hal E
N 0.8 ' m  True vertex efficiency
c Average vertex -
o 0 B
= 0.7 B probability estimate
T 06 I E
0.5 : | 1 1 l I L l : :
0 50 100 150 200 25
p‘T” (GeV)

0

BDT to assign per-event
probability of correct vertex id

> BDT score and distance
of three most likely vertices

> Number of vertices in the event
> Number of conversion tracks

Events / 0.02

x10%
80

(o2}
(=}

40

20

19.7 o' (8 TeV)
CMS Validated on data

Z — pp

¢ Correct vertex: data
[ Correct vertex: simulation

¢ Misassigned vertex: data
[ ] Misassigned vertex: simulation

0 0.2 0.4 0.6 0.8 1
Vertex probability estimate




= BR(H-WW - 2[2v)~ 1%~
= Clean signature:

= Isolated high p+
leptons. "

= Missing transverse
energy

= Mass resolution ~15%.

CcMS 4.9 (7 TeV) + 19.4 fo' (8 TeV)
[ T T T | T T T T I T T T T | T T T T B
300 [ -e data - backgrounds my=125GeV _|
- — H-owWw ew 0/1-jet T

i bkg uncertainty

200 .

100

S/(S+B) weighted events / bin

L | Il L L L
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Events / bin

CMs

Main backgrounds:

H— WW (all channels)

020
ology, =0.72" )75

= Non resonant WW, 2z .ot .
ttbar

212v + 2-jets, VBF tag
Sensitivity enhanced by
categorization in 0jet,1jet?2 s Vg

and VBF categories. |

-1.87

313v, WH tag

= WH - 3I3n channel
also analyzed.

CMS

4910 (7 TeV) + 19.4 fb™' (8 TeV)

m,, = 125.6 GeV
——

H0HH1H“2HH3

Best fit for G/GSM
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CMS

Complex analysis, combining many different sub-channels

q q
Wiz
W, a
.O’H 4
q +
VH Process

TT

S / (S+B) Weighted dN/dm_ [1/GeV]

Production/signature

0-jet

1-jet boosted
2-jet VBF

VH (use leptonic decays of V)

CMS, 4.9 fb' at 7 TeV, 19.7 b at 8 TeV

: L 4(I) B “ SMH(125 GeV);rﬂ: i
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o 20 5
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2000
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®

Decay

H—>tt—>00+4v (12%)
H—>trt—> {47, +3v (46%)
H-orr—>1,70,+2v (42%)
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= QCD BG too large for gg : 1;/A """"""""
fusion, needs additional tag i S
THOTE T .

= Most sensitive is VH (but -
also use ttH) O Ao A

- Common features: o

m B-tagging 10350~ ~15 120 125 130 i35

m.. [GeV1
- bb mass reconstruction, use e L
BDT regression (o,,/,, = 8- T ot i

9%) .
= MVA based analyses to
enhance the sensitivity
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CMS

= Search for di-muon decay mode very similar to di-photon one.

= Much smaller branching ratio make the analysis even more challenging.

= Exclusion sensitivity at 7.5 X o,

H— pw 19.7 fb™ (8 TeV)
> 10077 " T T " T T T 60
8 0,1-Jet Tight BB —e— Data CMS '3
S 800 ] 2
: Background model ] B
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& i i T
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i - . L 40
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400 — ] .S
i i 'S 30
200 - o
i ] Q 20
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0 i L | | 1 ] Cl)
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il I o
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o 2
3 L 1 1 1
110 120 130 140 150 160
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CMS

),

= Search for ttH production in H - bb,yy, multileptons

= Some excess of events near 125 GeV (~20 above SM expectation)

= expected significance: 1.1 o Excess driven by

= observed significance: 3.4 o the same sign di-
lepton search

CMS ttH, p*u* channel \s 8TeVL 195fb‘

172 X L L B L B ) B B BN
CMS Is=7TeV,5.0-5.1f";1s=8TeV, 19.3-19.7 fo’ t o5 ® Data ]
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o
o o o + =
Combination 3
g
9 4 02 0 o
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T T
CMS —e— Observed

= Search for Higgs boson decays into weakly i mm ™" S
Interacting particles. g [ v

[z —%

= Tagged by VBF or VH production. 1100
= Large MET required. o
= Combination of both channels gives I
- 7

exclusion sensitivity of 6 x BR,, / 65y~ 40% °
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D Two-quadrant kV,kF

CMS 19.7 b (8 TeV) + 5.1 fb™' (7 TeV)

+ Observed

o SM Higgs |

CMS
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CMS

BR_.,, fit with free couplings

19.7 07 (8 TeV) + 5.1 16" (7 TeV) 19.7 07 (8 TeV) + 5.1 16" (7 TeV)
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