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Outline

CMS 2012 data
Search channels
Combined results

Conclusions
and outlook

Focusing on what’s new in 2012, and what can be of
relevance for the future. Impossible to cover everything
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CMS 2012 data
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Peak Delivered Luminosity (Hz/nb)

A

2012: the luminosity challenge

Instantaneous luminosity up to ~7-1033
20-30 pile-up interactions per bunch crossing

CMS Peak Luminosity Per Day, 2012, p-p, Vs =8 TeV
Data included from 2012-04-04 23:57:30 to 2012-07-10 05:36:43 UTC
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CMS Particle Flow reconstruction

* Rely on high granularity of CMS detector to identify
and reconstruct each individual particle in the
event i

A :
: : Clusters
neutral | .
hhhhhh : : A HH detector -
H 2 > . 2
3 S - R
. A . l/ =
3 ..'- / photon ECAL ‘
: Clustérs

* Allows tagging of charged particles from pile-up:
minimize impact of PU on jet reconstruction, and
lepton or photon isolation.

LHC2TSP - 13 Jul 21 G. Petrucciani (UCSD, CMS) 5
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New algorithms:

higher efficiency for

same background

PF Rel Iso < 0.4 efficiency
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Improving lepton selection

muon p_ (GeV/c)

2 A

high pile-up environment

(important for higher
lumi runs in the future!)
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Pile-up jet tagging
Rejection of jets from PU g 1poREICL NS relminay
also outside the tracker e i
coverage, relying on jet N Timdy
shape variables. § | vl
8 0.6 &= -o-# vix [17,20] —
Llh. E - # vix [20,+] :
0.5 .
= | | | E
o .
1 *—1—‘8‘—:&#—.-.—-—.—.—.—.—*-.—.—.—
0.98 | ]
2I0 4I0 100
Jetp threshold [GeV]
Typicaljet ~ Pileupjet Validation on data: jet counting in

Important in VBF searches. ¢ tie to <% for jet p, > 20 GeV

LHC2TSP - 13 Jul 21 G. Petrucciani (UCSD, CMS) 7
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CMS search channels

Outline
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Search channels: H — yy

Search for a narrow

<2000

peak in the diphoton &tsoo

mass spectrum.
Analysis optimized
categorizing events
according to purity
and mass resolution.
Specific di-jet tag
categories targeting
VBF production mode
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H — yy: what’s new in 2012

4
-

* 2011 data reprocessed with new energy calibrations
in ECAL to further improve the mass resolution.

* 2012 prompt reco. data: calibration stable vs time
thanks to live light monitoring corrections.
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H — yy: what’s new in 2012

2011 data reprocessed with new energy calibrations
in ECAL to further improve the mass resolution.

2012 prompt reco. data: calibration stable vs time
thanks to live light monitoring corrections.

Re-optimized photon selection using isolation
based on Particle Flow reconstruction

Split di-jet tag events in two categories with
different purity (15% better sensitivity)
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H — yy results

4
-

Excess of events observed for diphoton masses
around 125 GeV, consistently in 7 and 8 TeV data

Local 5|gn|f|cance 4.10. Signal strength 1.6 * 0. 4 X OcmH

10g
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Search channels:

Improvements in 2012:

New lepton selection

Recovery of photons from
final state radiation

Exploit angular information
to discriminate signal from
irreducible ZZ background
~207% gain in sensitivity with
respect to the 2011 analysis
Optimization done without

looking at the data in the
signal region.

Events / 3 GeV
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Matrix Element Likelihood Analysis

2D analysis using m, and MELA

Ns=7TeV,L=5051 b 'Ns=8TeV,L=5261"
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http://arXiv.org/abs/arXiv:1001.5300
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H— ZZ — 4l results

 Localized excess of events observed around 126 GeV

4
-

CMS Preliminary Vs=7TeV,L=5.05fb!Ns=8TeV, L=5.26 fb?
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H— ZZ — 4l results

Localized excess of events observed around 126 GeV
and at signal-like values of the angular discriminator

CMS Preliminary 2012 \5=7 TeV, L=5.05 fir*, \/s=8 TeV, L=5.26 fb”
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H— ZZ — 4l results

 Localized excess of events observed around 126 GeV
and at signal-like values of the angular discriminator

* Local significance 3.20 (expected from SM H: 3.80)
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RS 90_ E:EM:S Przl\i?:.inary =
* Dileptonic channel: g oo S S
1 %60%— 3
— 2011 analysis unchanged. feo
— 2012 analysis with o -
improvements in objects and fﬁ_m st
methods to deal with the ° 100 :;fﬁ;\',,g%*’
increase in pile'up. - CMSpeImnanydt 51fb NS = 8Te\{
Cut-based analysis for ICHEP. © =
* Semi-leptonic channel, new & - Fiborro |

after Moriond’12, for Higgs
boson masses above 170 GeV.
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95% C.L. Limit on o/ o,

H — WW: results at low mass

* Broad excess of about 1.50 observed in the low

mass range. Compatible with the expectations
from a SM Higgs signal at 125 GeV, given the low

mass resolution.
8 TeV observed data

6 -

C CMS,Ns=8TeV,L =5.1 fb!
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W/Z + H,H — bb

o 03

III|I.II|III
=— Nominal .

RENEAEREEL SR 1
Many Improvements: o [ CMS Simulation  —KZision
: £0.25F Zri LD (o o 125 Ge -
* Jet energy reconstruction g [ ZITIHED) (m, =125 GeV)
L i
using BDT regression 02 1
(15-20% improvement) 0150 E
0.1— ]
0.053— ]
|

5080106 120 140 160 180 200
M, [GeV]

Extensively validated in data

using Z(Il) + bb, ttbar and

single top events
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4
-

A



W/Z + H,H — bb

>0.2\\\\‘\\\\

“CMS Simulation
F Vs =7 TeV
- Z(mm)H(ob)

Many improvements:

* Jet energy reconstruction
using BDT regression
(15-20% improvement)

* (Categorize eventsin
medium and high boost

LHC2TSP - 13 Jul 21
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W/Z + H,H — bb

Many improvements:

* Jet energy reconstruction
using BDT regression
(15-20% improvement)

* (Categorize eventsin
medium and high boost

* Use full shape of final
MVA discriminator

Gain in sensitivity ~50%

already on 2011 dataset!
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Data/MC

.

10

10°

10°

10

A

-
4
-

T | L | T T | T T T
MS Preliminary
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& Data
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¥} =0.458 K, =0985 MC uncert. (stat) [T MC un

04 06
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W/Z + H, H — bb: results

* Some excess compared to
background predictions
(significance ~10)

* Compatible both with a 1xo,,

95% CL Limit on o/,

LHC2TSP

signal and with just background.
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ttH, H — bb (new!)

4
-

Important to probe of the coupling:
same couplings as the dominant part of o(gg — H)
production cross section but at tree level
(no loopholes for BSM particles to contribute...)

v1t
109 -
g At HO
r—
g "l
- w5 NSt
g g fusion . t t fusion
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ttH, H — bb (new!)

Iep+|ets W|th 6 ]ets, 3 b tags

Events

Strategy:

* Separate events by top decay
mode (di-lep., lep+jets), and by
number of jets and b-tags

Data/MC

* MVA shape analysis in each
d| Ieptonlc W|th 3 b- tags
event category o o

* Categories with low S/B used to
constrain the background in
higher S/B ones.

Events

Data/MC

0.6 0.7 0.8
ANN output
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ttH, H — bb: results

Only 2011 data analyzed at the moment.
No evidence of excess, but not yet sensitive to a

1xOcpyy Signal anyway.
ttH cross section grows

Lepton+Jets and Dilepton  CMS Preliminary, {s =7 TeV, L =5.0 fb"

olog,
-
)

EW —— Observed

. . g e I e S
very quickly with Vvs. R S R
(X105 from '7 tO 8 Tev, @ 1| RS ———— I ——————8Y

x5 from 8 to 14 TeV!)

If scaling as V(oxL) could

have Ac/o.\y ~1 already
with L ~20 fb" at 8 TeV.
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H— TT

Analysis re-optimized:

* Improved lepton and T4

identification criteria

LHC2TSP - 13 Jul 21

Real Tau Charged Isolation

085
AR AR

MVA-based tau isolation algorithm

0 M o it s e e e
'3.0 0.1 0.2 0.3 0.4 0.5 0.1 0.2 03 04 0.5
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CMS 4 —
Z; <
UCsD

P py

Analysis re-optimized:

* Improved lepton and T4

identification criteria R
 New mass reconstruction 2
(20% better resolution)

LHC2TSP - 13 Jul 21 G. Petrucciani (UCSD, CMS) 28



CMS =
Z oo
UuCsD

Real Tau Charged Isolation

Analysis re-optimized: 18
N
* Improvedleptonand t,,4
identification criteria TR

CMS 2011+2012\)s = 7-8 TeV, L = 10 fb* Lelyy
80 T T

e New mass reconstruction

s o
(20% better resolution) = -
» New event categorization:®
lower jet p; thresholds, "
rely alsoonp;ofthetau. == ==
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CMS /1 —
Z X
= UCSD

Analysis re-optimized:

* Improved lepton and T4

identification criteria R
» New mass reconstruction . .pssseesey | |4
(20% better resolution)  © o f S j )
* New event categorizati on:% ) «+n¢
lower jet p; thresholds, : Sl B
rely also on p;of the tau. n
* MVA selection for VBF tag |
e oo

LHC2TSP - 13 Jul 21 G. Petrucciani (UCSD, CMS) 30
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ucCsD
H — TT: results
Sensitivity of new analysis very close to 1xo¢,,,
No excess seen. Just bad luck or non-SM Higgs?
< 5.0 (SMS Preliminary,\s 2 7:8 TV Pt m 10 fb . CMS Preliminary,\'s = 748 TeV, Hotr, L = 10 fb”
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Combined Results
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Combined results

2 A

= | MSPelmnay  ©Pme |1 Decay Prod. Topology Luminosity
L [ s=7TeVil=stht T[]
© [ Vs-=8TeV,L=531" | _ . 1 H—bb WH, ZH 5+5 fb™ at 7+8 TeV
S | — =7y 1
Sl " || Hobb ttH 5atfb'at 7 TeV
E —Hozz N :
8 j f H— tT Inclusive + VBF  5+5 fb" at 7+8 TeV
ST _— 1 Ho1r WH, ZH 5atfb'at7 TeV
O -~ ]
I ANy : H— vy Inclusive + VBF  5+5fb™'at 7+8 TeV
\\ H—-WW  o/1jet+VBF 5+5 fb™ at 7+8 TeV
10' IIIIIII N 1 H—>WW  WH,ZH 5 at fb at 7 TeV
110 115 120 125 130 135 140 145 Inclusive 515 fb at 748 TeV

Higgs boson mass (Gev) M —Z4Z

* Most analyses using 5+5 b, many improved w.r.t. 2011

* Biggest combination done so far at CMS: 95 individual
final states contributing at 125 GeV mass hypothesis!



Combined results

R
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Expected p-values
= Combined
H— bb
— H- CMS Preliminary
— fown Vs=7TeV,L=5.1 ft'
— H— WW
— H— 77
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2 A

Decay Prod. Topology Luminosity
H—bb WH, ZH 5+5 fb"' at 7+8 TeV
H—bb ttH 5at fb'at 7 TeV
H— tT Inclusive + VBF  5+5 fb" at 7+8 TeV
H— tT WH, ZH 5at fb'at 7 TeV
H— vy Inclusive + VBF  5+5 fb" at 7+8 TeV
H—-WW  o/1jet+VBF 5+5 fb™ at 7+8 TeV
H—WW  WH, ZH 5 at fb" at 7 TeV
H—ZZ Inclusive 5+5 fb™' at 7+8 TeV

* Most analyses using 5+5 b, many improved w.r.t. 2011

* Biggest combination done so far at CMS: 95 individual
final states contributing at 125 GeV mass hypothesis!
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Combined results: ZZ+yy

In high mass resolution channels, observe an excess with
local significance of 5.00 (expected from SM H: 4.70)

ZZ vs Yy decay mode 7 TeV data vs 8 TeV data
I ——— R
—_ -1 —_
s 10°F AN\ /[  d% ®
3 10—2E \ 3
PPy S L 3c <
e \N\_// . &l
10
3 105E \\v/ © 3 E
10°® N 35 -
107 ]
10°® )
-9 o 6o -9 P 6o
1(_)10 Combined obs. Clﬂs_frzegr:maw 1(_)10 Combined obs. Clﬂs_frzegr:maw
10 <« Exp. for SM H 12 1 10 - - Exp. for SM H 13t 1
1| — Hoyy \s=7TeV.L=5.11b » Eo7TeV \s=7TeV.L=5.11b
10 F __ .2 ls=8TeV,L=531" 107°F 58TV ls=8TeV,L=531"
10‘12_—||||||||| ||||||||||||||—_7G 1012—||||||||| ||||||||||||||—_7G
116 118 120 122 124 126 128 130 116 118 120 122 124 126 128 130
Higgs boson mass (GeV) Higgs boson mass (GeV)
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Combined results: all channels

4
-

Local significance of

o 1 Sagy——p
g 10" F=— excess:4.90
> =

5.10'2:5 \ N L= Expected for SM Higgs

< 10°F ~ = ) i
S 10l \\ // 1 signal: 5.90
= 0_5E- .............. \:/ B
-6 Te. E: . o[e
Ef e 2% Global significance > 40
1 0'8 E = Combined obs. ‘ﬁ*‘.h‘ —;
9 =-=- BExpofor SMH - Tea 166 ° °
10— Ho b We interpret this excess
1 0_10 [|— H- CMS Preliminary E o
Fl—=Hom s-7TevL-s51%' 3 asthe observation of a
1L | =—— H— WW . - R
11[())_12 E—I 7| '_||_|)|Z‘?_; T T T T T :rEI’ I ?-Irel\‘il II_I I5I3II-H?I I—E?IG new boson Wlth mass

116 118 120 122 124 126 128 130 around 125 GeV.
Higgs boson mass (GeV)
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Best fit GfGSMH
N
o

0.0F

- _IIIIIIIIIIIIII 1 1 1) 1 1 1) 1 1 1) 1 1 1 1
1'?10 115 120 125 130 135 140 145

LHC2TSP - 13 Jul 21

o
o

- Vs=7TeV.L=5.11b"
- \s=8TeV,L=531b"

—
4]
1 LI

II|||II|||II|IIIIIIIII|IIII|IIII
CMS Preliminary 68% CL band

—
o
L L

0.5}

-0.5f

T |

Higgs boson mass (GeV)

Combined results: all channels

Best fit signal strength
at mass 125 GeV:

0.80*0.22)x 0o
SMH

Compatible with the
expectations from a
SM Higgs boson signal!

G. Petrucciani (UCSD, CMS) 37
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Mass of the observed particle

: T o pratmany T # Comoned e Likelihood scan for
¢ P, tinEm massand signal
Ns=eTeV =53t T2 strength in three high
4 § mass resolution
3 _ channels:
25_ + : — 7Z 4l
; , — YY untagged
I @ — yy with di-jet tag
0o ai 155 i iz s e ° Results are compatible
Mass (GeV) within the uncertainties
LHC2TSP - 13 Jul 21 G. Petrucciani (UCSD, CMS
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M
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2 U
Mass measurement

4
-

10_\"|II|III|||||||||||

* Perform a fit of the — 10 — SRpwrOVEREEE
. e 95 | CMS Preliminary — H o>y (untagged)

- \s=7TeV,L=5.1fb'

maSS. Wlth fr€€|y &"jl 85 s=8TeV L=53 f5! ::—:»’;?Z(VBFlag}

floating signal strength i T

for the three final o E

states, to minimize ef E

model dependence. Al

M = 125.3 £ 0.6 GeV o _
oF :
1 f
oo AN 7
22 124 126 128

Mass (GeV)
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Mass measurement
* Systematical 1 10— gapmus’imssmmmns
. - - CMS Preliminary — with syst.
uncertainty on the 2 9 Hozzew o F
mass driven by energy o 8 \IIIViIEE ST
scale uncertainty in yy: 7k | -
now conservative 61 E
estimate ~0.5%, will 5F E
improve in the future. 4E =
M =125.3 % 0.4 (stat.) ° E
* 0.5 (syst.) f__ F
=125.3 * 0.6 GeV L AN
‘P22 124 126 128
Mass (GeV)
LHC2TSP - 13 Jul 21 G. Petrucciani (UCSD, CMS) 40
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Is it a SM Higgs boson?

Observed signal stength

A

m, = 125 GeV CMS Preliminary

in the analzyed decay
modes and production

topologies compatible 4w i
with a SM Higgs o o e

H— 1 (VBF tag)

. H— 1t (VH ta
However, with the o>y unagged

H— vy (VBF tag)
present data sample W e

only few modes have  H-ww(vBFtag)
H— WW (VH tag)

sensitivity to a signal Ho2Z|,

of SM strength.

LHC2TSP - 13 Jul 21 G. Petrucciani (UCSD, CMS)

\s=7TeV,L=5.1fb"
\s=8TeV,L=5.3fb"

-

I+-
+

—

H-|||||||||||||

|
4 2 0

2 4 8
Best fit GIGSM

8
H
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Is it a SM Higgs boson?

* Slightly better sensitivity when combining channels
by decay mode or production topology.

* Compatible with SM Higgs within uncertainties

| |
| m, =125 GeV | CMS Preliminary | m,=125GeV|  CMS Preliminary
\s=7TeV,L=5.11b" Vs=7TeV,L=5.11b"
Vs =8TeV, L=5.31fb" Vs =8TeV, L=5.31fb"
H — bb —— l-_
Untagged
H— 1t —i—
VBF tagged —i
H— vy ——
VH tagged —a—-
H—» WW -
ttH tagged -
H— 2z I > I ! I | I ! I
AP T I AT T L PO E I T U 1 e
-3 2 -1 0 1 2 3 4 5
-3 -2 -1 0 1 2 3 4 5 .
Best fit o/cy,,,, Best fit /o,

LHC2TSP - 13 Jul 21 G. Petrucciani (UCSD, CMS) 42

A



Is it a SM Higgs boson?

* Test of custodial symmetry: compare the signal
strength observed in WW and ZZ modes.

* Fit the the ZZ and WW (0/1 jet) data assuming;:

oxBR, ,,;, = Mzz % [ 0xBRy 77 Jsm Higgs
0xBRy _ww = Rwjz * Mgz X [ 0xBRy_ww Jsm Higgs

* Result compatible with SM 2 "o 3
within the large uncertainties « 2 “=eizsse ]
_ +1.1 j_ _

Rz =0.9 5 o /
N

A



Is it a SM Higgs boson?

* Test compatibility w.r.t SM predictions by
introducing two parameters (c,, ¢;) modifying the
expected signal yields in each mode through

| Production Decay LO SM
VH H—bbh |~ C"ﬁ%cf" ~C2
wH  H o bh |~ CEXCE ~ C3
VBF  H—rr |~ S0 ~C2
2% C? ‘
ggH H— 77 ~ FC% F ~ C%
e H— 27 | ~CE50 ~C2
ggH H—WW | ~ —Q—C’lfgf%‘x ~C2
VBF  H - WW | ~ SXCt ~ C} /C2
ooH H — ~~ N C:';x(s.e%,;—l.scmz N 012;
VBF  H—n~y |~ x(&fscg;i—l'sc:p)? ~ CL)C3

LHC2TSP - 13 Jul 21 G. Petrucciani (UCSD, CMS) 44
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Is it a SM Higgs boson?

| Production

Decay

VH

H — bb
H — bb

~ C%

~ C2

H— 7171

H— 7171

l

~

o)
X

o

2
~C2

2
~ C2

H— 77

0

Q
N
ik
< 1

B

2
~ C§,

H—WW
H— WW

2

%

2
A
<o
X
~
<o

c%

Q Q
by 3
% 1Q

Q C

< N

B!

F

2
~C2

~ Oy /Ci

H — Yo

)

12 » Al Al 2
_ C¥x(8.6Cy—1.8CF)

[~

CsX(8.6Cy —1.8CF)?

2
CF

Al
2
cZ

2
~C2

~ Cy /G

LHC2TSP - 13 Jul 21

G. Petrucciani (UCSD, CMS)

* Test compatibility w.r.t SM predictions by
introducing two parameters (c,, ¢;) modifying the

expected signal yields in each mode through
LO SM

:

A
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Is it a SM Higgs boson?

4
-

* Test compatibility w.r.t SM predictions by
introducing two parameters (c,, ¢;) modifying the
expected signal yields in each mode through

| Production Decay LO SM ]
VH  Hobh |~ S0 ~C}
wH  H o bh |~ CEXCE ~ Cf 1
VBF  H—rr |~ GG ~CY "
geH H— 717 ~ C)‘%égf‘% ~ Cf
sl H— 27 |~ ~CF
ggH H—-SWW | ~ %ﬁ ~ CY C >
VBF  H—WW | ~ iﬁ}:—% ~ Cy /C '
ool H = N Cf%X(S.G%‘,;—l.SC‘p)z ~C2
VBF H =~ Gt x(s‘océ*i;—wc;p)g ~ C4 /CP

LHC2TSP - 13 Jul 21 G. Petrucciani (UCSD, CMS) 46



Is it a SM Higgs boson?

* Test compatibility w.r.t SM predictions by
introducing two parameters (c,, ¢;) modifying the
expected signal yields in each mode through

Al

c
=
%2

| Production Decay LO SM
Cy xC3 2
VH H — bb ~ Vo E ~ C%
C2 X2 5 A
ttH H — bb ~ L E ~ Cf
C3 >(FC'2 2
VBF H—r1 ~ ~ Cf§,
CZ chg 2
geH H— 71 ~ —en ~ Ct
12 2
ggH H— 277 | ~ S5 ~C2
z <
ggH H—WW | ~ CLCX% ~C2 o
2 +2
VBF  H—WW | ~ S5 ~ Cy /Ci
C% % (8.6Cy —1.8Cfp)~
gel  H-—yy |~ jx( oz F)Q ~Cy
VBF  H—yy |~ OO (oY /G D

LHC2TSP - 13 Jul 21 G. Petrucciani (UCSD, CMS)
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Is it a SM Higgs boson?

* CMS data compatible L 2.0

with SM prediction © gl  CMS Preliminary
. \s=7TeV,L=51fb"

at 95% C.L. 1l vs=8Tev L=531"
* Best fit ¢ driven to low 4
values by VBF yy excess '
and Tt deficit. 12
* More data needed 10
to draw any definite 0-8
conclusion. 0.6 6
e LHC Cross Section WG 0.4 4
also converging on an 0.2 2
improved models for 0.9 o A M0
these kinds of fits. solid contour:  68%CL  C,,

dashed contour: 95% CL

LHC2TSP - 13 Jul 21 G. Petrucciani (UCSD, CMS) 48
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Anything elsewhere?

4
-

Z10] " ousrrlminany = | Stringent exclusion
© - {s=7TeV,L=51f"  |=% Expected (68%)|] P
© i “:ES=3TEV,L=5.3](51 """ Expected (95%)|| Ilmlts for any heavy
S Higgs-like boson
E decaying into WW and
1F
o | ZZ bosons:
X, :
e * e.g. 0~0.3%x Ocypy IS
. excluded in most of
o' 1 the140-500 GeV range.
100 200 300 400 500

Higgs boson mass (GeV)
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What next?

* Measurement of spin and parity using
angular distributions in ZZ, WW, yy.

* Search for deviations from the SM in the
couplings by progressively introducing new
degrees of freedom in the fit to the data,
in collaboration with LHC Higgs XS WG.

* Improve the mass measurement.

A



CMS /1 —
Z X
= UCSD

Projections for JP* measurements

H— ZZ — 4l H—> WW — 2l2v
CMS Simulation L=30fb™,Vs=8TeV JHU Generator level L=10fb™, Vs = 8 TeV
e 1010 R B B B R B B " e . . .
GC) . - 3 = 10000 —
= 800| D SM, 0+ r\_ = & ~3 0 . = Hyp1: 0+
= - - = *
© 700 I R ° e + Hyp2: 2+
g— - ] % "
11 600} |m PS, 0- f E J |
E 5001 | %L‘ = 5000 — S ,II '3 —
© - P g i
400 l = S
ol J L £ -
G 3001 | E P A
:_ _: i "v-!'-:h .I-:h by’ N
200; ( LL‘ . Y P s ———d_on o
100E Ii __ A =40 =20 0 20 400
: ! ] . -2In(L L)
e T et e Prved Expect ~30 separation between
80 -60 -40 -20 0 _ 20 40 60 80 h ] .
=-2xIn(L/L,) spin 0, 2 with 10 fb™ but assuming

Expect ~30 separation between no systematics and WW as only
Scalar and pseUdoscalar in 2012 baCkground http://indico.cern.ch/contributionDisplay.py?c

ontribld=473&sessionld=53&confld=181298
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The road goes ever on...

Expect another ~30 fb™" at 8 TeV from this run.

— a factor 3 in integrated luminosity

Then ~300 fb™" at ~14 TeV?

— another factor 30 in oxL (even more for ttH)
Then ~3000 fb™"'at ~33 TeV?

— yet another factor 30 in oxL!

If oxBR uncertainties on individual modes scale as
V(oxL), expect 100% — 50% — 10% — 2% !!

Expect to challenge theory accuracy in a few years.
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The road goes ever on...

Naive rescaling of uncertainties on xBR with V(oxL),
NOT AN OFFICIAL CMS PROJECTION

Decay

60fb
Prod. @ 8TeV

300fb-1 S 1_2____'_______!_______!_______! _______ 1 _______ L = S
@ 14 TeV | | |

H—bb
H—bb
H— tT

H— Tt

H— vy

H— vy
H — WW

H — WW
H — 27

VH 30%
ttH 60%
ggH 40%
qqH 40%
ggH 20%
qqH 40%
gegH 16%
qqH 60%
gegH 16%

10%
10% _
10% 100
10% : | g
6% ool o RN b
10% : | | 5

50/ i | | | | | | 1 | | | | | | | 1 | | | -i_
° 0'8.8 0.9 1.0 1.1 1.2
16% o : .
68% CL contours, assuming 100%
5% signal purity and no correlations

T | .................................. ...................................
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Conclusion

* In the searches for a SM Higgs boson at CMS,
a new state with mass 125.3+0.6 GeV has been
observed, dominantly in the yy and 4l modes.

* Within the limited precision of the current data, the
observation is compatible with the predictions for
a SM Higgs boson signal, despite the larger excess
in yy and the deficit in T, bb modes.

* More data is needed to draw any conclusions on
this second point.



CMS/}
—

A

For further information:

CMS Higgs results twikipage

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

4th July seminar at CERN:

https://cms-docdb.cern.ch/cgi-bin/PublicDocDB/ShowDocument?docid=6125

CMS talks on Higgs searches at ICHEP 2012:

https://indico.cern.ch/conferenceProgram.py?confld=181298

(too many to list them all individually)
CMS Paper in preparation.


https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIG
https://cms-docdb.cern.ch/cgi-bin/PublicDocDB/ShowDocument?docid=6125
https://cms-docdb.cern.ch/cgi-bin/PublicDocDB/ShowDocument?docid=6125
https://cms-docdb.cern.ch/cgi-bin/PublicDocDB/ShowDocument?docid=6125
https://cms-docdb.cern.ch/cgi-bin/PublicDocDB/ShowDocument?docid=6125
https://cms-docdb.cern.ch/cgi-bin/PublicDocDB/ShowDocument?docid=6125
https://indico.cern.ch/conferenceProgram.py?confId=181298

C cmeesans

LHC2TSP - 13 Jul 21

G. Petrucciani (UCSD, CMS)
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Electron energy scale: golden barrel

CMS Preliminary

Vs =8 TeV, L=5.1 fb"’

6000

5000

4000

Events / 1 GeV

3000

2000

1000

CHIIII‘III||II|I|I|II|IIII‘III||II|

=)

LHC2TSP - 13 Jul 21

MC DATA
Amge = 0.13 +/- 0.02 A mgg = -0.104 +/- 0.04
cMC = 1.26 +/- 0.02 i | Ocg = 1.22 +/- 0.04
Z —¢e'e

golden electrons
in ECAL barrel

G. Petrucciani (UCSD, CMS)
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Electron energy scale: all barrel

CMS Preliminary Vs =

8 TeV, L=5.1fb"

35000

30000

25000

Events / 1 GeV

20000

15000

10000

5000

A mgS = 0.44 +/- 0.01

oM = 1.97 +/- 0.01

Amgg = 0.40 +/- 0.02

Geg = 1.79 +/-0.02

+ -
/. —>e'e
all electrons
in ECAL barrel

%o

LHC2TSP - 13 Jul 21

110 120

m,, [GeV/c?]

G. Petrucciani (UCSD, CMS)
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Electron energy scale: all endcaps

CMS Preliminary ys=8TeV, L=5.1 b’

= 4500

8 =

— 000 FA'mMC = 0.87 +/- 0.03 mcg = 0.82 +/- 0.05
~~ 3500 | oNg = 4.62 +/-0.03 = 3.91 +/- 0.05
= E

S 3000

= —

LL

25007 — e'e”
zﬂnﬂz_all electrons
in ECAL endcap

1500

1000

500
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Electrons from J/Psi

220
200
180
160
140
120
100
80
60
40
20

Events/0.2Gev

LHC2TSP - 13 Jul 21

CMS Preliminary

Vs =7 TeV

II-I-i-||II|III|III|III|III|III|III|III|III|III|I_

DATA
Signal Model (Gaussian)

Background Model

mean = 3.115 £ 0.007 GeV

| |-

DD

G. Petrucciani (UCSD, CMS)
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Reconstruction and selection
efficiency

CMS Simulation, ys = 8 TeV

Efficiency

LHC2TSP - 13 Jul 21 G. Petrucciani (UCSD, CMS) 61
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Z7Z 4l: p-values 1D and 2D

4
-

a:) él- I | T T 1 | T T 1 | T T 1 | T T 1 | T 11 | T T 1 | T T 1
S -
? - 1o
o 10" =
@ - -
8 - 4 206
B 1 A S -
Al D Fit7+6TevV |+ i 36
107 = — 2DFit7+8TeV | i 5
E ------ Expected g
B CMS Preliminary i
10* & HoZZ4L ] E
- (s=7TeV,L=505f" ] =
- L I5=8TeV,L=526f""; 40
10'5 L1 | I I | L1 1 .‘F‘ i:‘ L1 1 1 | L1 1 1 | L1 1 1 ':.f. L1 1 1 | L1 1 1
110 120 130 140 150 160 170 180
my, [GeV]
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ZZ 4l: reducible background

20

Closure test of estimate from anti- Data/sim comparison for the
selected events, for the wrong Z+|*I* control region with same
flavour and charge control sample sign leptons (for 4e events)

6 CMS Preliminary fs=7TeV,L=5.05f" CMS Preliminary Js=7TeV,L=5.05f"
> _I III‘I\II‘I\I\|I\I\l\Il\l\l\Il\l\llll\l‘ll\l‘l\ll_ > E T T T T | T T T T | T T T T | T T T T | T T T T |:
[ L - @ 90 —_
O B Signal Region (WFC) ] O - ¢ Data ]

5~ - =2 80 mr E
= n || Irreducible (sim.): 2.6 ] — - te .
- - _ . £ 70 [ z+ight jets
% 4= [ Reducible (data): 11.3 3 § soC ] z65/c2 E
o - s Observed: 12 ] L 505 [ wz E
W3- - - [lzz E

K ] 40F E
: : 0; E

= I T A | ; i 3 HL
%00 150 200 250 300 350 400 450 500 550 600 f00 200 300 400 500 - 600
m,, [GeV] my, [GeV]
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ZZ 4l: FSR recovery algorithm

« Applied on each Z for photons
near the leptons

e ay

L/

AR(l, )

<0.5

min

da.u

Particle Flow ID
ET> 2 GeV

In|<2.4
Isolation

Z

Associates photon with Z if:
e  M(ll+y)< 100 GeV
e [M(ll+y)-M_[<IM(II)-M

|

Removes associated photons from lefft

isolation calculation

Expected Performance for
M =126 GeV

6% of events affected
Average purity of 80%

2% added in analysis

CMS Simulation, ys=8 TeV

500 [T T 1771 T T T I T T TT T T TT1 T T T 1]
450F — FSR applied =
400 % FSR not applied E
350 —
— Events affected by FSR -
300 M, =126 GeV =
250F =
200 —
= ':ii'g =
150 35! e —
: Sk :
100 aTelet ot =
- feasatss e =
- Sistetete® Stste -
c SRS B =
on el S o -
= Rl et gl S ] 3
% WP 4 8 e, U it weanar I S

0 90 100 110 120 130 140 150 160

m,,.., [GeV] 64
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Z 274l : 4mu + FSR event

CMS Experiment at LHC, CERN

Data recorded: Thu Oct 13 03:39:46 2011 CEST
Run/Event: 178421 / 87514902

Lumi section: 86

-
4
S

X \ V(Z,) E;: 8 GeV w(Z,) p;: 28 GeV

7 TeV DATA

4u+y Mass : 126.1 GeV

w(Z,) pr:14 GeV

u'(Z,) pr: 67 GeV
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74| : Two-lepton invariant mass plots

Events / 4 GeV

Events / 4 GeV

CMS Preliminary {s=7TeV,L=5.05fb"; (s=8TeV,L=5.26fb"

910 50 60
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LZ4l: ev-by-ev. comparison with 2011

m4l > 100 GeV/c?

-
4
-

PRL New Ref
5 Fail 1SO 6 64 1 3 mostly for new ID
1 Fails elelD FSR: 2 migrations

14.8 ->126.1 GeV
260 -> 270 GeV

100 < m4l < 160 GeV/c?

PRL New Ref
m4m 118.9 - [SO
m4m 119.0 - [SO
m4e 125.7 - elelD m4m 122.0

| de | 4u | 2e2u | total

| Current analysis | 14 | 20 | 43 77
l PRL analysis 12 | 21 37 70
| PRL not Current | 2 | 3 1 6
| Currentnot PRL | 4 | 2 7 13
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Di-jet loose
Di-jet tight
Untagged 3
Untagged 2
Untagged 1
Untagged O
Di-jet
Untagged 3
Untagged 2
Untagged 1

Untagged O

=
UCSsD
YY best fit by category
Excess above 1 not really just because of di-jet tag
I : CMS preliminary
- - FRE R oy
= L=5.
- Il Event Class
> - | comuned Gevj
_ H ! _l o/ C)';M — 1.56+0.4
— OO | |
! i
B .
e — - I e i
| I
B b i o category 0 = highest S/B
— II“ ' ' category 3 = lowest S/B
I I | ]
S | ! S
-4 -2 O 2 S 8 10
Best Fit c/cg,,
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YY vertexing efficiency

fraction of events
o = o
= o (0¢] —_
ol {

(Y ]

O
(\®]
I I I |

. |-e— DATA Z-pp

—o— MC Z—ppu
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150 200 250

p_(2) (GeVre)

G. Petrucciani (UCSD, CMS)

Fraction of events
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vertex is within 1cm
from the correct one
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YY energy resolution from Z->ee

Effect of the regression

«10° on the Z->ee peak
> 120_ . ‘. I ! ‘ ‘ ‘ ! > LT T 171 | T 11 | T T 1T 171 T 11 | 17T 1T 171
8 - CMS Preliminary 2011, 7TeV Ee.c 8 a0l ﬂg:rsnmmary :Mg a
= 100 = 4,98 fb” ‘1 & Ee. % 1200: L=5.3 fb* —+— data
i N c — —
0 - = - ]
- B P -
G 8- | —Regn Er Both EB |n|<1
2 " ECAL barrel 1 g highRg
i 800 =
60| N\ : :
I \ 600 .
40+ \\ g :
i s 400~ -

50 80 100 120 R T
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VY p value by category

CMS preliminary
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CMS ; %
Z | UCSD
YY expected yields by category

Expected signal and estimated background
; SM Higgs boson expected signal (mpy=125GeV) Background

Event classes O EWEM/2.35] 1, = 125GeV
Total | ggH VBF VH #tH | (GeV) (GeV) (ev./GeV)

T | Untagged 0 32 |(61% 17% 19% 3% 1.21 1.14 33 04
'f Untagged1 || 163 | 88% 6% 6% 1% 1.26 1.08 375 £13
6 | Untagged 2 || 215 | 91% 4% 4% - 1.59 1.32 748 +£1.9
E Untagged 3 || 328 | 91% 4% 4% - 247 2.07 1936 =£3.0
e Dijet tag 29| 27%(C73% ) 1% - 1.73 1.37 17 +£02
_ | Untagged 0 6.1 | 68% 12% 16% 4% 1.38 1.23 74 +06
:E Untagged1 || 21.0 | 88% 6% 6% 1% 1.53 1.31 547 =+ 1.5
@ | Untagged 2 || 302 92% 4% 3% - 1.94 1.55 1152 £23
> | Untagged 3 || 40.0 | 92% 4% 4% - 2.86 2.35 256.5 +34
~ | Dijettight | 26| 23% /7% - -| 206 1.57 13 £0.2
Dijet loose 3.0 | 53% . 45%/ 2% - 1.95 1.48 3.7 £04
LHC2TSP - 13 Jul 21 G. Petrucciani (UCSD, CMS) 74



95% CL limit on o/ogy

H— WW

10°E =

S median expected CMS Preliminary ]

B H— WW — 2i2y ]

i I expected= 1o | _ oy @8TeV) +4.9f" (7TeV) |

10E expected + 20 E

E —e— observed ]

1E E

107 =

:l | | | I I N I | | | |||||||||||||||||||||||||||||||||||||

100 200 300 400 500 600

Higgs mass [GeV]

LHC2TSP - 13 Jul 21 G. Petrucciani (UCSD, CMS)
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H>WW, m_ = 125 GeV

2-jet 8 TeV

2-jet 7 TeVm

1-jet 8 TeVa— |
1-jet 7 TeV

0-jet 8 TeV

0-jet 7 TeV —

0 05

95 2 25 3
best fit o/oqy,
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UuCsD

" VH — bb: b-jet energy “regression”

Specialized b jet energy regression

— based on CDF
http://arxiv.org/pdf/1107.3026.pdf

w _III||||||||||||||||||II|III||||.||||||
=> improve dijet invariant mass (and MET) g - CMS Preliminary :"'R%'S}lesion
* Use a specialized BDT ~ ST s=TTeV, L2500
— trained with inputs that help differentiateb ¢ | Data Z{[T)+bb
quark jets from light-flavor jets. 7,200

* i.e. properties of a secondary vertex, track
information, charged constituents, variables
related to the energy of the jet etc. 150

Attempts to recover the true b-jet energy.
— Variables used

100
* pT,n, ptRaw, ET, mT, ptLeadTrack, chf (Vertex)
vtxPt, vtx3dL, vtx3deL (ZIIH) MET, dPhi(Jet,MET)
— Validate in MC and control region in data 50 -
]

Upshot
— 15-20% improved mass resolution

— m,, distribution becomes more consistent . 21
with true generated mass spectrum. Pr

=y
7

o
o
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o
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o
»
o
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—
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http://arxiv.org/pdf/1107.3026.pdf

— =
VH — bb: signal injection at 125 GeV

CL, Expected £ 20 CL, Expected+ 20

i signal+background MC observed data

E [ | | | | | | | [ | | | | | | | | T T | T T T T |_ | | | | | | | | | | | | | | | | | | | | | | | ]
5 CMS Preliminary 1L CMS -
B (=7+8TeV,L=50+ 510" 1[ (5=7+8TeV,L=50+ 51" ]
S O VH(bb), combined —| [ VH(bb), combined )
4 mg== CL, mH=125 signal injected i —— CLS Observed ]
£ « 8-~ CL, Expected 1 .-e-- CL Expected i
j 4 I CL, Expected =10 I CLg Expectedt 1o

O

N

Tg]

0)]

(@]

110 115 120 125 130 135110 115 120 125 130 135
Higgs boson mass [GeV] Higgs boson mass [GeV]

|

77



95% CL Limit on o/cgy,

n [op]

I~

(@]

=
UCSsD

VH — bb: signal injection at 125 GeV

signal+background MC

observed data

I | | | | | | | I | | | I | | | | | | | I | | |
CMS Preliminary

(s=7+8TeV,L=5.0+ 5.11b"
VH(bb), combined

mg== CL, mH=125 signal injected
--9-- CL, Expected

- CL, Expected £ 10

CL, Expected 220

CMS
(s=7+8TeV,L=50+ 51fb’

VH(bb), combined
—e— CL Observed

--¢-- CL Expected
I CLg Expectedt 10
CL, Expected+ 20

|

110

115 120 125 130

Higgs boson mass [GeV]

135110 115 120 125
Higgs boson mass [GeV]

130 135
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a0

20

A

H—tt VBF MVA

Multivariate discriminator
— 8 input variables
— Replaces traditional cut-based VBF selection using m; and
An;
— Working point optimized for best sensitivity
* 15-20% improvement over previous cut-based selection

MVA output validated on Z—pu data

Z-1,1, 2011 (4.8 fb) MVA input variables

m(jj)

An(jj)

Acp(jj)

A@(TT,jj)

P-(jj)

. py(tT) (including MET)
Visible p(tT)

Embedded data

—+— Embedded MC

_+_
PN OV p W N

. An(tT,jet)

—‘IIIIII TTTTT I|II|III‘I'II|II TITT1
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Sensitivities in the five modes

Channel m,, Exp. limit Expected Observed
resolution ono/o,, significanc significanc
e
H->vyy 1-2% 0.8 2.8 0 4.0 0
H->77-> 4l 1-2% 0.6 3.80 3.20
H->bb 10% 1.5 1.90 0.20
H->T1tT 20% 1.4 1.50 -0.00
H-> WW 207% 0.8 2.50 1.50

All values are for a Higgs boson mass hypothesis of 125.5 GeV



CMS/}
—

Gilobal p-value

102
10°

10-4 (I 1 800l Bl [ EEEIT]
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Local p-value
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% r  CMS Preliminary 68% CL band| 1
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1'?00 300 400 500

Higgs boson mass (GeV)

X

Look Elsewhere (if you want)

* Inanarrow mass range, LEE can be
assessed by tossing pseudo-observations
and using the asymptotic extrapolations:

— [115—130] GeV: 4.90 2> 4.50
— [110—145] GeV:4.90 2 4.4 0

* Inthe full mass range, LEE can be
assessed from the number of up/down
oscillations around o/o,,=0 and using
the asymptotic extrapolations:

— [110—600] GeV: 4.90 2 4.00

* LEE-corrected significance remains
high in any conceivable mass range
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LZ+Yy+WW

= 4\ "\l 1o
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7 vs 8 TeV p-values
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Low-resolution vs high-resolution

1 I | | | | I I I | I I I E 1 I | I | I I I I I I | I I I
E 10" N i0 5 e Jto
o Mgﬁ © E \ /_ 26
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G. Petrucciani (UCSD, CMS)
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Best fit 7 vs 8 TeV per mode

m, = 125 GeV CMS Preliminary
®(s=7TeV | \s=7TeV,L=5.11b"
- \s=8TeV | \s=8TeV,L=5.31b’
Combined : t.
H— bb (VH tag) = =y
H — bb (ttH tag) —
H— 1t (0/1 jet) -
H — 7z (VBF tag) —=
H — 1t (VH tag) i
H — vy (untagged) i -,!?—
H— vy (VBF tag) —e =
H— WW (0/1 jet) o
H - WW (VBF tag) — P
H— WW (VH tag) R i
HoZz| =
-6 -4 2 0

LHC2TSP - 13 Jul 21

G. Petrucciani (UCSD, CMS)

2 4 8
Best fit GIGSM

Notes:

non-trivial correlated
uncertainties between
7 & 8 TeV

At other points, scatter
between results is
larger

VBF tt “alignment”
driven by downwards
fluctuation in the same
bin for e+t in the two
periods
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