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Bosonic Higgs Decays

James G. Branson

University of California San Diego

On behalf of the CMS and ATLAS Collaborations

Thanks to Marco Pieri & Bing Zhou for good pptx slides on this topic.

CMS Preliminary
\s=7TeV,L=5.1fb"

14001\

) N
'E1200;
L%’moo;
3 800E
£, 600
(0] 4 C
2 ooE

200}

—e— S/B Weighted Data
—— S4B Fit

------ Bkg Fit Component
[ ES T
I 20

P
120

740
m,, (GeV)

ne»r-p»

PIC 2013: Physics in Collision,
Sept. 3-7 2013,
IHEP, Beijing, China

My White Wh:
since 55:.

<«

=

=
UCSD

Local p

. r T
10¢ ATLAS Prellmlnary r 7TeV(2011) det 48f’ 5
1E (s=8TeV (2012), [Lot=591" |
10T

5 e NN\ T A TN B 20
1% WL/ ) E

Y SRS N\ /A S 330
10 E EPSJuly 2011 "3
4 ;_—Observed _;

107 - Bpecea S SRR I X o
10° =~ CERN Seminar 12/2011 E
Observed ]

10'65— ------ Expected Ty 5

107k L_spring 2012 4 July 2012 -
E Observed Observed 3
g ee- Expected «----- Expected ]
L £ R =i T I B BT U A B




Total Integrated Luminosity (fb ')

N
w

N
=]

=
w

[
=]

v
T

LHC Data: pp Collisions at 7 and 8 TeV = ~~

UCSD

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC

25

Excellent performance of LHC
in 2011 and 2012

15 — Design 14 TeV @ 103** cms?

10 — Peak L=7.7x10*3cm%s1

., ¢ ~25fbtInt L pp collisions
_/ ‘ _/—/'/ | collected per experiment

= 2010, 7 TeV, 44.2 pb ' === 2011, 7 TeV, 6.1fh ' === 2012, 8 TeV, 23.3 /'

* Very high data taking efficiency
for both experiments

* More pileup than planned at
design luminosity due to 50
nsec crossing interval.

Effects of pileup:
Trackers do an excellent job of distinguishing different vertices . They see only in-time tracks.

Calorimeters see in-time pileup as normal energy. Particle flow algorithms help. Energy from previous bunch
crossings affect the pulse shape and baseline subtraction.

Slightly deteriorates energy resolution for electrons, photons and jets. Apply corrections event by event.
Adds energy in isolation cone. Corrected for pileup energy estimated event by event.
We can go to higher luminosity.
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Both Experiments had almost exactly 56 when
combining the channels that they analyzed.

— Very lucky (sociologically) to get to 50 at the
same time
* blind until just before CERN seminars

Confirms (preposterous) SM Higgs Mechanism
— But details of Higgs Sector still unclear
M=125 is very interesting
— Consistent with EW measurements
— Allows measurement of many decay modes
— Light Higgs is a prediction of SUSY
* but 125 close to the limits of MSSM
— Possible in (new) composite Higgs models
Its NOT a revolution (its SM!) but:
— the origin of mass is (mainly) in this scalar
— our first (fundamental?) scalar found
We have begun to measure the couplings,

And to search for other particles in the Higgs
sector.

A lot of measurements to make at higher
energy and higher luminosity LHC.
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July 4,2012: A “Higgs-like” Resonance fs'[)
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SM Higgs Production and Decay
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SM nggs Productlon and Decay
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- LCSD
Channel Int Luminosity Mass Expected Observed error
7 + 8 TeV (fb?) resolution sensitivity
VY 5.1+19.6 1% 4.2 0 0.27
77->44 5.1+19.6 1.5% 7.20 0.26
WW->2£2v 49+ 19.5 ~20% 510 0.21
Zy 5.0+ 19.6 ~2% Tiny for SM ~5

Y
* 3 channels with similar o, W, Z
H
e vyyandZZ-> 4L with i W H . . S
excellent mass resolution W i

* WW->20v with highest  Higgs decay to yy has interference

rate: between vector and fermion couplings
* Zy->!Uy haslow SM rate Untagged
but good mass resolution H->yy
5 H->ZZ->4]
H->WW-Ivlv
H->Zy->lly
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H > ZZ > 4¢: candidates X
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* Golden 4 lepton events in ATLAS MalGeV]
" Golden 4 lepton events CMS My [GeV] = Huge ef'Ff)ort on lepton ID efficiencies
= Lepton ID efficiencies '

: and calibration of mass scale.
using Z. M St

= Muon energy scale in
constant B field is easy.

= Energy scale and
calibration for electrons
(large effort) checked with

0

Ww(Z,) p;: 15 GeV

e*(Z,) p; : 28 GeV

o=

4-lepton Mass :

/>ee. + .
WiZy) pr 12 GeV 125.8 GeV
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Pbkg(mlv ma, 917 927 (Dv 6*7 (I)llmélf) -

Measure 7 kinematic variables: K,

MELA =

m,, [GeV]

1+

— Inclusive:

7 TeV with signal expectation

CMS preliminary Ys=7TeV,L=5.1fb" ys=8TeV,L=19.6fb"

Psig(m17 ma, 617 927 ¢7 0*7 (Dllmélﬁ)

Kinematic Discriminants are useful to enhance signal
over background or to test spin hypotheses...

*  Add a dijet category — to have sensitivity to VBF

* Use a 3D method in CMS (also using mass resolution)
Mass — Ky — Py

— dijet category: Mass — Ky— V,, (VBF discriminant)

with bkgd expectation
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Excess of events at 125.8 GeV
— expected significance: 7.20 (P< 10%?)

— observed significance: 6.70

— Fitted o/0,, = 0.91

+0.30
-0.24

Consistent results obtained with 1D and 2D fits
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H-o> ZZ*> 4{: ATLAS Results
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Signal Significance : Signal strength: m,, [GeV]

6.60 (4.40 expected) arXiv:1307.1427 w = 1.74’0'5_0_4

at mass = 124.3 GeV

Compare Experiments based on expected sensitivity:
CMS: 7.20 expected ATLAS: 4.40

Wems = O-91+0'30-0.24 UaTias = 1-7+0'5-0.4
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'CMS H-> ZZ*> 4t Spin-Parity Analysis <

UCSD

e Spin and parity can be probed using angular distributions

e H->ZZis the best channel as all angles are measured

— Using discriminators similar to K, we can distinguish between scalar and
pseudo-scalar and different spin hypotheses

— Derive kinematic discriminants for each of 6 possible JP particles.
— All but one other 0* origin are excluded at >98% CL.

CMS preliminary \s=7TeV,L=5.1f6"\s=8TeV,L=19.6 fb'
7_1.|vl‘|||v|\l|||v\l||lv\llllvwllllwnvl'v||v|vv|4_

[ e data ]
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[ z+x ]
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Events

1F - 2|
i [ . 1_‘ ':

00010303 040506070809 1 Data strongly favor JP = 0*

Dy
production comment expect (u=1) | obs. 07 | obs. J¥ | CL;
(0~ gg — X pseudoscalar 2,60 (280) | 05¢
0, g¢ —+ X | higher dim operators | 1.7¢ (1.80) 0.0c

2| 88— X minimal couplings 1.8¢ (1.90) 0.8¢
g7 —+ X minimal couplings 1.7¢ (1.90) 1.8c

qq — X exotic vector 2.80 (3.10) 140
g7 — X exotic pseudovector | 2.3¢ (2.60) 17c
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ATLAS H-> ZZ*> 4¢ JP Analysis
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BDT analysis variables: tested J* for tested 0" for
. - P
m,,, M,, from Higgs --> ZZ* Sa an assumed 0 an assumed J CLsg
+ production and decay angles expected | observed | observed®
0 [ po | 0.0037 | 0.015 031 0.022
Exclusion (]_.(:Ls ): 1 | po | 0.0016 0.001 0.55 0.002
. 1™ | po 0.0038 0.051 0.15 0.060
Observed 0" exclusion 97.8% 2* [ po | 0.092 | 0.079 0.53 0.168
Observed 1* exclusion 99.8% 2 [ po| 00053 | 025 Lealin 0.258
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* Signal model well tested with p—
/>ee (or pu) N | %/M=0.9%
— Photon resolution better than e - . "
— photon ID

— vertex choice (up)

— Small step using MC from e to vy
& from 91 to 125 GeV

* Bkgd determined by fit to data

— have carefully studied
parameterizations needed

— no use of MC to get background

* This channel will be statistics
dominated even for large
increases in luminosity.

— Statistical error is dominated by

error on background events
under the peak.
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H->yy Mass-Independent MVA Analysis <

e CMS: 4 event categories based on a diphoton O ATLAS: Simple signature: two high-

Boosted Decision Tree (BDT) p; isolated photons - E; (yy, v,) > 40,

— cut on MVA does not alter mass shape significantly over the 30 GeV (Vs=8 TeV)
full mass range

O Events divided into 14 categories
based on production mode and S/B
ratio in different detector region

(increase sensitivity, also for
Additional categories for di-jet, lepton, and MET tags coupling measurements )

— 9 categories in all

— Separates events with different s/b, including resolution

* BDT inputs:

— Kinematics, photon Id classifier, estimated mass resolution

MC 53 Hgg 125 GeV 1s=8TeVL=19.6fb’

ﬁ' T = 7 T T T T T T I
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H->vyy Di-jet Tag

Di-Jet tag enhances VBF production significantly
— Most important variables are M;;, P, An

— di-jet BDT used to improve tag

— H-vyy gives the best VBF measurement

5 \ BF candidate

M,, = 121.9 GeV
M, = 1460 GeV

I.. j :'
g 145

il
il 4
©MS Experiment at LHC, CERN
Data recorded: Mon Sep 26 20:18:07 2011 CEST
Run/Event: 177201 / 625786854
Lumi section: 450
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8 TeV Categories
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H->vy Weighted Mass Distribution 'S
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~ i [ +20 1 * Sum of mass
..g i . distributions for each
| q>>3000 [ _ event class, weighted
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data events S i 1 * Bisintegral of
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* This plot is not used in the analysis and it is for illustration only, it adds all
event classes together
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LCSD

H->yy Results: p-values
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e Largest excess around 125 GeV Consistent results
— Local significance 3.2 o at 125 GeV from cut based: .0.32
— Expected significance 4.2 o at 125 GeV ~ 0/0g,at 125 GeV 1.11 ) 5,

. +0.28
— Fitted o/og,, at 125 GeV 0'78_0_26 (consistency check with bootstrap

method).
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S 1ok —Observedp 3 . - -
o 0 [ e Without mass scale uncertainties Hosvy ]
- _11 ~ N\ e~ 7. 1 < Without systematic
38.2 ............................................... 20 25 L Bestfit
10° szt 30
104 F i st 40 N ]
10-5 ERRLETTPORE | SRR SEPPPTLLL 2
10° Data 2011\1s =7 TeV 156 L -
107 —Obs. 2011 J' : " C ]
10:2 .= Exp. 2011 Ldt=481b 60 1.5 .
0 —Obs. 2012 Data 2012 \s = 8 TeV/ - |
11 (())_'1‘; ===+ Exp. 2012 J.Ldt= 207 fb" 70 1:—_ . \8=7 TeV,det=4.8 '
-13 N /? i
18.14 N IR PN B IR B B BN 05—_95%CL 1 \s:8|TeV,J-Ldt=20.7fb'x—
110 115 120 125 130 135 140 145 150 104 105 126 107 128 129 130
my [GeV] m, [GeV]
Signal Significance : Signal strength "
7.40 (4.30 expected) w = 1.5710.24(stat) £0.22(syst)

at mass = 126.8 GeV
Obs (Vs=8 TeV, Expected purity

Main backgrounds

m,"¢=126.8 GeV +20) s/s+b (Vs=8 TeV)

13931 370/13575=2.7% YY,Yj and jj

Compare Experiments based on expected sensitivity: CMS: 4.20, ATLAS: 4.30.

Uewms = 0.78%0-28 o (includes stat & syst) Watias = 1.57+0.24(stat) £0.22(syst)

PIC September 3-7, 2013 James G. Branson, UC San Diego
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Combined Mass Measurement

* Mass can be measured with higher precision with yy and ZZ

— To reduce model dependence, allow for free cross section in
different channels and fit for the common mass

— Note: Fitto ZZ is simpler in this combined fit so fit-u is different

2D scan (1 vs mass

CMS Prellmlnary |s 7Tev L<51fb \s 8TeV L<196fb

\b% H _) YY + H _) ZZ + CH30mb|ned
o) 2-0_ + Y
i + H->ZZ
1.5 -
1.0 -
0.5 -
k\ 1 I | 1 1 | ‘ 1 | 1 1 I | ! 1 1 | 1 |
0-0"124 125 126 127
my (GeV)
[ ]

-2AInL

—_
O

1D scan: mass

CMS Prehmlnary lS 7TeV,L<51fb" \s=8TeV,L<19.6fb"

||||||||||||||

H—>yy+ H—>ZZ
W h (ggH,ttH),

uw(VBF,VH)

nnnnnnnnnnnnnnn

—— Combined
— H-yy
— H->2ZZ

_LI'\)(.O-BO'ICD\ICD(Q

o

M, =125.7 + 0.3(stat.) + 0.3(syst.) GeV

PIC September 3-7, 2013

James G. Branson, UC San Diego
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LCSD

b’

Combined mass measurement my = 125.5 £ 0.2 (stat) + 0.6 (syst) GeV

ne»r-=»

Mass Combination (4¢, yy)

= 4 I < F o
Z [ ATLAS Preliminary — Combined & ATLAS Preliminary 1
£ [ \s=7TeV:[Ldt=46-481" — Hoyy N 10— \s=7TeV:[Ldt = 4.6-4.8 fbr
§ 3_5_— \s=8 TeV:j'Ldt =20.7 fb' — Ho 27" Sy B \s=8 TeV:det =20.7 fb’ s
‘a -
§ N X Best fit B
o 3 — 68% CL 8
()] B -
2.5 B .
] 5 a 2.4c difference -2InA(0)
2 B
1.5 o
1
0.5
- 1o
0 [ L1 1 1 ] L1 1 1 | L1 1 1 l L1l l L1 1 1 | L1 | L1 1 1 1 I l | 2 y \ [ ’ |
122 123 124 125 126 127 128 129 ) 3 4 5
m, [GeV] m,,-m,, [GeV]

Two measurements are 2.3 GeV apart:
Am,, =2.37%(stat)+0.6(syst) GeV

Prob. to observe Am=22.3 GeV ~ 1.5% (2.40)

m}] =126.8+0.2(stat)+0.7(syst) GeV
my =124.3'3¢ (stat)" " (syst) GeV

PIC September 3-7, 2013 James G. Branson, UC San Diego 21
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ATLAS-CONF-2013-072

Study the kinematic distributions of H=> yy events
To unfold the experimental measured distributions to particle

H->yy Differential Cross-Sections

level distributions (differential do/ dx )

Variable

Inclusive

Py’
Y77

| cos 6|
Niets
Pr

Apjj

ekl

PT

2-jets

> Bin events in variables of interest
» Background estimations from the myy side-band fit in each bin

Tyents | GeN

Data-Bkg

» Estimate the systematics
» Background subtraction in each bin

» Unfold the reconstructed distributions to truth distributions

900
00

700 E

00
500
400
300
200
100
100
50
0
.50

(= differential cross-sections)

» ATLAS has fairly uniform acceptance

PIC September 3-7, 2013
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Y
LCSD

4508
2 400F

E ATLAS Preliminary +4- data
E @ gg—H NLO+PS (Pownea+Pv8) + XH

=== XH = VBF + VH + {tH

syst. unc.

H-yy, (5=8TeV
j'L dt=203 1"

i 1 1 1 1 1 1 1 1

Ratio to POWHEG

>3
Reconstructed Ny,

20

Particle "
level s

C:

L I

E ATLAS Preliminary - data E
E [Jeo—H NLO+PS (Pomestpre)+ xH
D gg—>H+1j NLO*PS (MNLO HU+PYE) + XH ]

==« XH = VBF + VH + {TH

syst. unc.

H—yy, {s=8TeV ]

JLat=2031" 3

Ratio to POWHEG

(=N ST

2 >3

Particle level Nigq

1.2

0.9F
0.8F

Jet veto fraction, o,/ o,

o
o~
T

“E Hoyy, G=8Tev

T [La=2030"

E T

ATLAS Preliminary - data 3
D gg—H NLO+PS (Powrea+P8) + XH o
[7] ag—H+1iNLO+PS (MroHu+PYe) + XH ]

T
syst. unc.

Cross-Section o

0.4

ratio ..

i1z

e

k1
©0.8]
0.6
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H->yy spin analysis =

* Consider graviton-like hypothesis 2*
* Production can be gg fusion or gq annihilation
* Sensitivity still rather low for high gq fraction

CMS Preliminary \s=8TeV,L=19.6fb"

E———— CMS PAS HIG-13-016

+ 1o expected

+ 20 expected
—— X—=yy 2;
—e— Observed

2xIn (L /L)
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Spin Analysis with H- yy

Polar angle 6* of the photon decay in

Collins-Soper frame, along with m

Events /0.1

cos O =

Les
bet
mo
coll

N

Z CS

b, 1) 20 P

YY

bisects angle
ween the
menta of
iding hadrons

1+(p

2
vy
T/ mw)

2

Iley

250_IIII]IIIIIIIIIllIIIllIIl|IIII||IIILIIII+]IIIIIIIII_
- ATLAS —yy ==J =0 Expected -
2oc>—_v§:8TerLdt:207fb‘1 * S=0"Data |
C Bkg. syst. uncertainty

C + ]
150data O -
C \ — ]
100———1— | \L =
50 I | —
n ! ]

C —— ]
oF —+=
:....I....I....I....I....I....I....I....I....I....:

0O 01 02 03 04 05 06 07 08 09 1

PIC September 3-7, 2013

lcos 67

Events /0.1

2500 TTrrr [ TTrrr | TTr T ] LI | TTrrr I TTr T | rrrr I TTrrr | Trrr I L
T e Data H— v ]
- =0 —— : -
_  [_] Background + a
2000} , :
C —— ]
= . —¢— * -
1500~ = —
1000 -
L ATLAS ]
500~ P -
L {s=8TeV det=20.7fb . .
_I L1l I 1111 | 1111 I L1l I 111l I 111 | | .| I 1111 I 111l I | -
0 01 02 03 04 05 06 07 08 09
Icos 67l
‘_' 250_[ TTT | UL I UL I LU [ L I UL ] LU ¥I T T I".I UL I TTT l_‘
e - ATLAS — vy J" = 2" Expected -
£ oo Vs=8TeV f Ldt=20.7fb" ® J=2'Data ]
u>.> C Bkg. syst. uncertalnty -
- 150/ ata 2t (f,=0%)
100 &._ \L =
C —:|_'—«— | ]
50 =t | e -
C —— — ]
0F ——
:l 11l I 1111 I 1111 I 1111 [ 111l I 111l ] 1111 I 1111 I 1111 I 11l I:
0 01 02 03 04 05 06 07 08 09 1

James G. Branson, UC San Diego
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2" Hypothesis Exclusion in H-> yy UC:;D

ne»r-=»

Nchann. Noins

Method L7 p.0) = l—l ]—[
J i

- Binned likelihood using discriminants )
P(Nijlpj-S77(6) + Bi () x A;(6)

e.g. m, and |cos 0*|

Poisson probability given a signal § scaled by

_ _ Observed 2* exclusion 99.3% (1-CL
strength u and background B with nuisance @03( S)
: - S [ ATLAS —Data |
parameters 6 and constraints from auxiliary 20.25F H s yy —F_o
§ [ \s=8TeV [Ldt=207f" --JP_2" ]
measurements A for each channel 2 02k 0%
E - q B
Ratio of likelihoods test statistic S s observ“gf‘j\}
q = log(L (0*)/L (/°,4)) | Iy
with u fixed for a given J°
o . 0.05
- Exclusion using (1 - CLg) i
- 9
CLs = po (7o) / (1-po(07)) :
) 2% assumed 0* assumed P s P s P s
faa Exp. poJ” = 0%) | Exp. po(J” = 2°) Obs. po(JF = 0%) | Obs. po(JF =2%) || CLy(JF =2%)
100% 0.148 0.135 0.798 0.025 0.124
75% 0.319 0.305 0.902 0.033 0.337
50% 0.198 0.187 0.708 0.076 0.260
25% 0.052 0.039 0.609 0.021 0.054
0% 0.012 0.005 0.588 0.003 0.007
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H->yy - Double Higgs =

e H125 used as additional BG CMS PAS HIG-13-016
3015' f“l"l'“rl'ﬁl'i'l!ll"! IIIIIII 3015 RN RAREE R
vg’ CMS Preliminary ) —— Observed Vg CMS Preliminary . ——— Observed
';g :::gi :::51391;3[)‘ - Expected = 1o ';g :2:173;: :::‘1591(;3[)‘ - Expected = 10
%/ 0.1 I R ;Expected=20 | i:’ 0.4 | S T Expected + 20 ]
M..=136.5 @ econd Higgs @ Second Higgs
] H’_I e " 59 roduced as SM produced in ggfus only
OCa S|gn| _c.ance .J 0 0.05 N 0.0510\
Global significance <20
bciicidiidind gl

10 115 120 125 130 135 140 145 150 10 115 120 125 130 135 140 145 150
m,, (GeV) m,, (GeV)

 Two nearly degenerate mass states

s CMS Preliminary Vs=8TeV L=19.6fb"

Vs=7TeV L=5.1fb" Vs=7TeV L=5.1fb"
CMS Preliminary - Vs=8TeV L=19.6fb"

Am (GeV)
Am (GeV)

MH MH+dm

x*mu  (1-x)*mu

Allows to exclude parameters in the 2HDM when two Higgs boson interpreted as h,H or h,A
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H>WW- vy

Two high p;isolated leptons + MET

-
M
W
)

No narrow mass peak
Most sensitive channel around 2M,,

— Also at 125 GeV it gives the smallest error on
Main backgrounds H->WW->epvv candidate
— WW (irreducible)
— Z+jets, WZ, ZZ, tt, W + jets
BG estimation is crucial

— Main BG estimated from data

— Less clear how this scales with £

Scalar Higgs boson + V-A structure of
W decay favors small A between
the 2 charged leptons

PIC September 3-7, 2013 James G. Branson, UC San Diego 27



Events / 10 GeV

Data - Bkg.

H>OWW*> vty =

_106IIIIlllllllIIIIIIIIIIIIIIII[III]III]III
. e - Dala === SM(sys @ stat)

ATLAS Preliminary @ ' g wozowy

\s= 8TerLdt_207fb’ & [ Single Top

B Z+jets [] Wijets
10*E HoWW ' Sevevipvuy +2 2 WMo [Jvorvh

nr»r-»

4 ee,eu, uu + 2v final state
d N, classification (0,1, >= 2 jet) to
separate ggF and VBF processes

Events /5 GeV

) 10°
O eu channel most important (large DY o
bkgd for ee and uu) 1
O Experimental challenges: E;™*°, Njet 10"
. . »
4 final discriminant M- 105020 40 60 80 100 120 140 160 180 200
miss
g ATLAS T T T T "\_‘¢‘_‘D|a'ta2'0|1‘1;2‘012 'é i [ L T | T T l T L | L | 1T T 1 i
8005_ s=7TeV [Ldt=46" % Toulsigavkg. (D 12__ ATLAS + Data 291“2012 a
e fiaemre: W SR P Gerto lasssw! RS ] s fraction Niet>0 -
B00F" Howw~ i+ 071 Jets e E > 100 s=8Tev | Ldt=207 ! ggF m. = 125 Gev_] [ ATLAS Prellmmary \s_ 8 TeV, I Ldt = 19 9 fb‘ ]
500;— E tc?”her . _; ‘ac: [ HoWW*sevuy + > 2j [« ’ i r .
400 Eerse 17 gh 0 wwe - 0-3? Z — up: N(1 jet)/N(incl) ]
300% = W+];ets 7; C . zy* ] : :
200; é r [ other vv 7 0.25; ]
100 = 6-_ [ single Top ]
- : L [ weiets i = MC
1285: -4 Bkg. subtracted data E _— —_ 02 * Data -
60;: |:|SM nggsbosonm 125Ge\»’; ] .
gg? + “ N 3 __ Tl ey *ﬂ'ﬂﬁ-ﬂ*&ti:f—‘t# | 4 ]
op” Ty 1 o1sf * .
60 80 100 120 140 160 180 200 220 240 260 - L . . . . ]
,,,,,, N | = ]
e 00 Wouldrise with pileup jets 7 | -
m [GeV] 0.1 0 5 10 15 20 25 30
Njet =0,1 Njet = 2 ! Number of primary vertices
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CMS preliminary L=19.5fb B (8TeV)

100

90

M, (GeV)

80

70

60
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60 70 100

Data

CMS preliminary L = 19.5 fb B (8TeV)

110 120
M, (GeV)

100

90

M, (GeV)

80

70 80

60
60

50

30
20

20

1 1 1 1 I 1 1 1 1
80 90 110 120 0

70

M, (GeV)

PIC September 3-7, 2013

WW-{vlv 2D analysis (0 jet bin)
MC Background

Higgs signal at 125 GeV

M, (GeV)

James G. Branson, UC San Diego

BG subtra

preliminary L = 19. e
CMS prelimi L=19.5fb " (8TeV

n

CMS preliminary L=19.5tb " (8leV)

Signal
region
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H>OWW-Stviv: results =

%1025 CMS Preliminary ] °—°103'”"””"'”'””'””'””"”"“”'H”

L = Observed m — _ _ 1
Q C \E=7 TeV, L=49 'fb-1 - = = Median Expected 7 8 102 ATLAS * \e=7 rev ILdt =40l -1
B [ Vs=8Tev,L=195fb" 1 8 HoWW*Siviv \s=8TeV JLdt=20.71b
c | HoWW-2i2v 0/1-jet 5 Z::::: 1 = 10 +CEJ’1():. s ey B
.g 10 — —_— Iniectioan=125(ieV:1o = 1 :-----.‘..-.ﬂ.-. ..... e O G
E CMSPAS HIG-13-003 1 qo'p i
_i : : 10-2 ............................................ 2(;
®) L T . 3
0 -
I?O - ] 10
0 ] ] o T -~~~ .

xpected (nggs 125)

10 — 10110 120 130 140 150 160 170 180 190 200
- expected (no Higgs) 1 m,, [GeV]
L A BN I DT TUUN RTI N
100 200 300 400 500 600
m,, [GeV]
e CMS: Broad excess  ATLAS: Broad excess
consistent with 125 GeV consistent with 125 GeV
— expected significance: 5.1 ¢ — expected significance: 3.8 ¢
— observed significance: 4.0 o — observed significance: 3.8 ¢
— Fitted o/0,,, = 0.76 £ 0.21 — Fitted o/og,, =0.99 £ 0.30
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WH—>WWW™ —3(+E, ZH - ZWW —4(+E,
Lepton p, >10-25 GeV, £ >25-40 GeV

ne»r-=»

3¢ analysis Data/MC, Total WWW contribution
~5.1 events

| || Data MC  Data/MC |
WZ* CR 439 43824 1.00 £ 0.07
ZZ* CR 244 210+£40 1.15£023
Z+jetsCR || 828 86040 0.96 +0.06
Top CR 6 62=x1.1 1.0 £ 0.4

4¢ analysis Data/MC, ZWW contribution ~0.6 events

Z(H— WW) | Data MC Data/MC
ZZ CR 0.03+0.00 | 100 100.00+3.19 1.00+0.10

95% C.L. observed (expected) upper limit on the rate/ 10°

SM at 125 GeV:
7.5 (4.0) for WH and 14.3 (9.6) for ZW

Observed small excess at 125 GeV:
1.70 (WH>WW), 1.56 (ZH=>WW)

ZIW (D 1I/lv) + H (DWW*Stviy)

<
LCSD

ATLAS-CONF-2013-075

=

=)
%
I

95% CL Limit on o/cg,,

— Obs.
---- Exp.
M+l

[]+2c

I

ATLAS Preliminary VH-VWW- 3 or 4 leptons

Vs =7 TeV:|Ldt = 4.7 fb"
Vs =8 TeV:/Ldt = 20.7 fb'

Combined limit

I
170

Ll
180

1
190 200

M0 120 130 140 150 160
m,, [GeV]
ol10* g .

S #E  ATLASPreliminary (V)H—(V)WW
c CE
S 1°F Obs. Vs=7TeV:/Ldt=4.7 fb"
S B B p e 4

c Vs =8 TeV:[Ldt =20.7 fb

I
107'E
102E
10°E
104k
10°E
‘IO'G;
107 E

109
1010 E

a1
0510 120

130 140 150 160 170 180 190 200

significance (o) || VH | H—» WW® [6] | Combined
expected 0.7 3.7 3.8
observed 2.0 3.8 4.0
31
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Spin 2 analysis LeeD

CMS PAS HIG-13-003

CMS Preliminary ys=7TeV,L=4.9fb";ys=8TeV,L=19.5fb"

& -

c -

#400(~

:-)- N EO+ J-I.

$200

5 [z

s [

2000— ™= CMS data i‘

8 [

800

600~

4001 it i

200~ F—L
B |
e LA N
% 20 -0 0 10

-229 In(L2+/L038
 Use 0-jet and 1-jet bins
* Limited sensitivity (expected < 20)

* Observed result disfavours 2* . hypothesis at 12-14%
probability
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Events / 0.1

Datal(sig. +bkg.)

2A)

I I
1400~ ATLAS

L e e e

(L e

A
N in Analysis With H> WW*
: Spin Analysis Wi -
S
> SAAREAAREEE L e Daa 7 o I L L B
S goof- ATLAS Zawe 4 S F ATLAS - oain ]
2 E Vs=8Tev [Ldt=207 1" [ 3 ¥ S0 Bo6Tov Lt =207 15" e
% 7005_ H—=WW"—evuv/uvev + 0 jets E %B _E S [ H=WW —evuv/uv . 0jet = ww ]
) E ) = ® C uviuvev +0 jets B Z+jets 7
o 600:— [0 Wejets — < 4001 ] wegets 7
E E WalzzWy - o o F B WZzzwy ]
500:— lll ./ gingleTop _: - (b i - 3
E = 300 ingle To —
400F- I 3 - A 11 =T
300F- 200F 4, e =
200F- = C o p
100 = 100
e '
s 1z 2 12 ;
c_” O'BE 3 ; 0 815
O it it B W= 2 0:8?, - e — e —
§ 10 20 30 40 50 60 70 80 § 3 05 ; s 55
m, [GeV] (=] A¢, [rad]
P — O+ 2+
JF=0"vs
2+ assumed 0+ assumed ) > »
. ) Obs. po(J¥ = 0%) [|Obs. po(J¥ =2%) || CL.(J" = 2%)
Ja | Exp. pod” = 0% | Exp. pot” = 29| O P ) {|obs. po ) || cra )
100% 0.013 3610 0.541 1.7-10°% 36-101
75% 0.028 0.003 0.586 0.001 0.003
50% 0.042 0.009 0.616 0.003 0.008
25% 0.048 0.019 0.622 0.008 0.020
0% 0.086 0.054 0.731 0.013 0.048

Exclusion (1-CL; ):

Observed 2* (qq=100%) exclusion 99.96%
Observed 2*(qq = 0%) exclusion 95.2%
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& Data 3
r R s sig+bkg. ]
L {s=8TeV | Ldt=207 " -0 ]
1200:_ H—=WW*"—evuv/uvev + 0 jets E ;ivj!,s —:
1000 o oy
C . L. [ 1
800~ BDT discriminant [ SingoTop
600 —
400 -
200F -
0' |
1.4:"1 T 1T T I | [T 7T I
1.2E
15
0.8
L0 i A I o I A A A YT
-1 -08 -06 -04 -02 0 02 04 06 08 1
BDT(2+,f =25%)
qT
0 16;‘ 1T | L I I LI A | I 7T I T ‘ LI :
P ATLAS qu =25% -
0.14f Vs=8Tev JLdt=20.7fb" —P_0
E H— WW*— evuv/uvev + 0 jets —JF-2 E
0.12 — Data ]
0.1 2+ | JP =0"vs 27 -
C | ]
008j | -
C | + ]
0.08[ | B 0 N
- | l ]
0.04f [ : obs test -
- I .
0.02F | stat -
0: PRI R B f M \:
-10 -5 0 5 10 15 20
q
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Al

Combined Spin-Parity Results

A
T
L
A
S

» 0 hypothesis excluded at 97.8% CL in

ATLAS
favor of 0* by H> 7ZZ*-> 4l analysis Hos py  Data
»1*and 1" excluded at 99.7% CL, :=8TZ‘*Z”L‘“=|2°'W v CL, expected
— 277" - 4

assuming J" =07
NERE

respectively by WW and ZZ analysis
» 2* excluded at 95.2% to 99.96% CL

\s=7TeV [Ldt=4.6fb"
\s=8TeV [Ldt=20.7 b

H - WW* — evuv/uvev
\s=8TeV [Ldt=20.7 fo

—~ 1F

ATLAS i
-
H—yy e Data ~ 1 0.1
\s=8TeV [Ldt=20.7 b P
X v CL, expected O
H—ZZ* - 4l A assuming JP = 0* 2
Vs=7TeV [Ldt=461b" Biio 10
\s=8TeV [Ldt=20.7fb"
H - WW* — evuv/uvev 10-3
Vs =8TeV [Ldt=20.7 fb"
—~ 1
¢ 10
10°%}
10-6 . P P P P
JP=0 JP=1t JP=-1 JP-2%
Combine: 77 ZZ, WW ZZ, WW, vy
0 25 50 75 100
feg (%) Data favor of JP = 0*
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H->Zy UC\SD

e Cross section similar to yy Models exist with
« Use Z->ee and Z->pu (reduce cross section) BR(.ZY) >100 X SM |
 Large BG from Drell Yan with ISR while BR(yy) is SM-like

Table 1: Observed and expected event yields for a 125 GeV SM Higgs boson.

Sample | Integrated Observed event Expected number of
luminosity yield for signal events for
(b 1) 100 < 14, <190 GeV my = 125GeV
2011 ee 5.0 2353 1.2
2011 puu 5.1 2848 1.4
2012 ee 19.6 12899 6.3 )
2012 uu 19.6 13860 7.0 arXiv:1307.5515
CMS (s=7TeV,L=5fb" Vs =8 TeV, L =19.6 fb" = 40 CMS \{—HI7TeVL I5|(|)|fb‘lll\l/—I§I'I:e|V L_196fb‘
1600 e Data H—-2Zy \om H—2Zy _E
E —— Background Model o . ]
H00E —_Signalm =125 GeV x 75 S Observed =
S 1200 :_ " = - Expected + 10 ]
§ 10005_ % ---- Expected + 2 ¢ _;
E 800 a O =
c 2
i 600;— .
400 -
200 _/_,_|—|j|_|_L 5 E
?00 110 12I0 130 140 15IO 16IO 17I0 18]0 190 QZOH I‘i2|5II I ‘iso ‘]35I I I1I4(I)I “i45” I ‘iso ‘]é5I I I'iGO
m,, (GeV) m, (GeV)
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$ HS>Zy > ty =

ATLAS-CONF-2013-009 | JCSD

nr»r-»

z z
SS‘\N
gt é,v _.H. f _.H . é% %*“w BR(H — Zy)=0.15%

w
z
)
W
NN“:\: Yﬁ”ﬁﬁ%
T

(000 = S e B Y B N L B B

02F ATLAS Preliminary
0.18E- Simulation

= H->Zy is another high resolution channel
= Sensitive to new particles through loops
= For SM Higgs with mass = 125 GeV: 2

o, xBr(H—>Zy —(ly)~23fb 008

0.04

~ 55 events in 2011+2012 dataset 0.02F AT

M
105 10 15 120 125 130 135 140 145

0.16
0.14
0.12

H—=Zy,Z = up
m, = 125 GeV
s=8TeV

1/N dN/dm, / 1.0 GeV

[k AL LARY RARI RRLE LR LRRY AL
lIIllIIlIIIlIlllI1llllllllllllllllllllllllr

> AR SRR R ~ 45 R ———. M [GeV]
& 350 ATLAS Preliminary E & A ' —— Observed 3
- 3 0 J‘Ldt=46fb.l'§=7TeV _____ Expected =
@ 300 —s— Data 2012 — T J' 4= P 3
g E ‘-’% Ldt=20.7f ,1s=8TeV -ib _:
S s PRy H—Zy (m =125 GeV,G,,x20 b +20 3
w : 5 3
200 = J»:r ATLAS Preliminary 3
E & g
150 = £ E
100 + 3 £ 3
0 H>Zy =8Tey, [Lat=207 1, zsyup d
i 8393 events = o
0 WS N B SPRN EPPRPEN PPN PR BRI B @ e e i e T
25 90 Ss 4 as 50 S 60 120 125 130 135 140 145 150
Am [GeV] my [GeV]
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Combined
u=0.80+0.14

H — bb (VH tag)

H — bb (ttH tag)

H — vy (untagged)
H— vy (VBF tag)
H— vy (VH tag)
H— WW (0/1 jet)
H— WW (VBF tag)
H— WW (VH tag)
H— 1t (0/1 jet)

H — tt (VBF tag)
H— 1t (VH tag)
H— ZZ (0/1 jet)
H— ZZ (2 jets)

4

v§=

7TeV, L<5.1fb" {s=

8TeV,L<19.6 fo'

CMS Preliminary mH =125.7 GeV

—094

-2 0

T
Best fit G/GSM

Combined
u=080+0.14

| — bb
uw=1.15+0.62

11T
u=1.10+ 0.41

| — vy
w=0.77+0.27

| - WW
1= 0.68+0.20

| > Z7Z
w=0.92+0.28

* The fitted u (including bb and )
at 125.7 GeV is:

— o/og, = 0.80+0.14

PIC September 3-7, 2013

ummary of Measured Signal Strengths

UCSD

\s=7TeV,L<51fb" {\s=8TeV,L<19.6fb"

CMS Prelimina
Peyy = 0.65

ry m,=125.7 GeV

Fermionic

- Decays

0

CMS PAS HIG-13-005

James G. Branson, UC San Diego

0.5

SM

..

2
Best fit O'/G

Comparison of channels

for M =12

5.7 GeV

25

37



= —
A . . -
A T
%& Higgs Signal Strength o~
3 UCSD
Signal strength p = o/0,, ATLAS =+=olsta)  Total uncertainty
. SysS

Combination of diboson final states my, = 125.5 GeV Zit:ec),) + 1conpu

H = vy Ho vy +0.23 é

H > 22(*) > 4t u-n53 00 |

H > WW(*) - ‘\’5\’. Lowp, n=16]s03 T s e

measured at combined m,=125.5 GeV Hghp, w179 08 —
sty P epos | |

* Variation due to m, uncertainty: +3% VH categories 1= 1.3"2|s09 ;

Hozz >4 0% .

« Compatibility with SM (p=1): 7% h=143020 014 ;
'VB'FJLVI_iliiik'é'""";'1'"21'{6'1'1"6'" :
categories M7 Cool-00 | Mt

. o Other _ +0.43 :

* Largest deviationp :1.90 categories = 149056 £0.35 = |
H— WW* - vlv (22 ;

.. =0.99°07 1" :

Including preliminary p,, p: p=1.23 P P.L.--.d.é.z.‘.ogéé..—.‘?:l? S P S
e Mo oep®022) U

0.18 2 jet VBF u= 14ng +0.5 [ |

o Comb. H—yy, ZZ*, Ww+0-14
ATLAS also sets preliminary (95%CL) W = 13302 ig:f T
-0.18 i ) . . . . . . . ) I ) ) ) )

limits: -0 1 2 3

w=1.33 + 0.14 (stat) £ 0.15 (sys) + 0.11 (theo) (o= 7ToV JLdt= 464810 / ,

\s =8 TeV [Ldt=20.7 fb" Signal strength (u)

H - Zy: u<18.2 (4.6 fb! + 20.7 fb1) SM
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CMS: x,, x; Contours Leeh

* Vector and fermion couplings are scaled by two scale
factors , k, and K

e Agree withSMat~1lo
* K;<0excluded at 95% CL

CMS Preliminary Vys=7TeV,L<51fb" {s=8TeV,L<19.6 o' CMS Preliminary V\s=7TeV,L<51fb" {s=8TeV.L<19.6 5"
oz . 6 SM Higgs ® Fermiophobic [ Bkg. only iz L o SM Higgs ® Fermiophobic @ Bkg. only
2 0 I 4 65666888 8000088880000008888000088888 2 ] PR
Oti“ ........................................... Ay~ o 1
_1 ) | 05 _
_2 | | OL':l 1 1 L
0 0.5 1 « 1.5 0 0.5 1 1.5

Vv
The green thumb of yy is extremely important for coupling measurements
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<
LCSD

ne»r-=»

Vector vs Fermion Couplings

b’

2-parameter benchmark model:

Ky = K=K, (>0) < AL ATLAS | © LiH—=4 @H->M |
K=K =K =K =K =K, - 5=7TeV[Ldt=46481" {H — vy [Combined |
(Gluon coupling are related to top, b, and 3 {s=8TeV[Ldt=20.7 1" + SM X Best Fit
their interference in tree level loop

diagrams) 2

Assume no BSM contributions to
loops: gg=> H and H->vyy, and no 0
BSM decays (no invisible decays)

—— — —— —

IlllllIlllllllllllllllll...

II|IIII|IIIIIIIIIlIIIIlIIII

N
» K¢ = 0 is excluded (>50) -1 e v
[ H—-4 ,
. -2 I / ]
DOUbIe mlnlmum from . I |- I L 111 “I 111 | I | I I | I | I 1 1 I’l l 1111 I 111 l:
interference between vector(W) 06 07 08 09 1 11 12 13 14 15 16
and fermion(top) in H>vyy K
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H->ZZ High Mass (SM) Higgs Search

UCSD
« H—>ZZ-2>Uvv is the most sensitive channel for high mass search
— Mass resolution 7% o CMSPrelminary, [L=5.0f0"at (57 TeV, fL=19.60"at (5=8TeV
— Main backgrounds Z(ll)Z(w)+Z(II)Z(jj)+Z(II)Z(II) o

o 77 (irreducible), Z+jets, tt, WZ - CMS PAS HIG-13-002,
HIG-12-024, HIG-13-014

— No signal observed with full dataset

e Combine with other ZZ channels
— H2>772>4
— H>7Z7>22x
— H>77520j S
— SM-like Higgs excluded 200<m<1000

e the full mass range studied

* (Not a multi-Higgs model, just SM)

H->ZZ->llvv candidate
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! Search for High Mass H> ZZ, W <

UCSD
ATLAS-CONF-2013-067

nr»r-»

Extend the Higgs search to high mass assume SM-like width, and decay to

WW* -2 [vlv 77%D 4/

3 10 T l L B A l L A B l L B A ' LI B l LI B A ] LN B B l LU B A E 1 03 E I I I E

5 ATLAS Preliminary - g;’: gg::\yg: E : ATLAS Preliminary —— Obs ggF :

& H—WW-—evuv, SMwidth 541 o SHE TR — Exp ggF }

X 4L f5=8TeV [Ldt=207 " D20 o 10°E [Ldt =20.7 fb"! M+ 1c =

© — O g - 8 TeV [ ]+2c 3

S oo -— B \s=6le — oy < BR 1

E - E | —

i 3 §

o F S i

2 | S

) 1E E

107 T— E - 3

= WW I o'k 2z
10-3 L l 11 L1 l L 1 1 l 1L L l L Ll 1 l 1L L1 I L Ll I 1L 1L ’: l
300 400 500 600 700 800 900 1000 200 400 600 800 1000

m, [GeV] my [GeV]

95% C.L. exclusion of a SM-like heavy Higgs up to ~ 650 GeV
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Summary of Higgs & Bosons =
By now we know we have found “a Higgs” Boson.

— Branching ratios are about right,
— and it seems to be 0* (in both CMS and ATLAS)

This discovery confirms the SM Higgs mechanism,
— but we can measure a lot more for m = 125,

— and SUSY Higgs, composite Higgs, other BSM Higgs are still
possible and discoverable.

Many other measurements have begun.

— not all shown here,

— but we have a good start,

— and 14 TeV will be better.

We will run at higher energy and Luminosity.

— the future is bright for Higgs Physics at LHC (and beyond).
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Coupling Measurements

Y
LCSD

Coupling strengths K; & ratio: «k; =g./g; s, Ky =8u/8ysm M = K; /X

PIC September 3-7, 2013

James G. Bransé®, UC San Diego

Model | Probed Parameters of Functional assumptions Example: gg —» H — yy
couplings interest Ky | KF | Kg | Ky | Kg
1 Couplings to Ky. KE VIiVvIiVvIiVv]Y K3 - K> (Kp. k) KK K)
2 ferlnions and bosons ’IFVv Kyy \/ \/ \/ \/ - K;;/V . /l%—V : K,f,(/lFVs /IFV. /IFV-. l)
S Custodial symmetry vz, A5z, kzz [V IVINV - gy .fi(/lF—JZ : /IFZ; Arz. Ayz)
4 A WZ /lpz, /lyz, Kzz - \/ \/ - - K}Z . ’l;-'Z . 'l‘)-/Z
5 Vertex loops Kg. Ky =l |=1|-1]-1]+ Ky - K/ Kyr(Ke. Ky)
3 t
Example H = yy K:D—' ¥ i
K., K,: loop coupling
7‘ K2 - K% scale factors
(0-BR)(gg > H—-vy) = osm(gg - H)- BESM(H At K, is the total Higgs
Y H width scale factor
W
H
"""" w K,2=1.28 Ky, —0.28 1, + ... |
W
Y



U'I>f'—|>

v

W vs Z Coupling (Custodial Symmetry)

UCSD
AE 10|: I T T T I T T T I T T T I T T T I T T T I T T T I T T I: ] .
< of ATLAS Mzt 7% 22] 3 A consistent with
=z = {s=7TeV [Lat=4.6-48f" _Combined 3
S 8E 5_8TeV [Ldt=2071b" ~ Hoyy, ZZ0 WW? SM
a 75_ Vs =8 TeV JLdt = 20. ---SM expected 3
6%— _% Awz = 0.82+£0.15
S :
4c e Indirect indication
SE _ E “Higgs-like” boson is
2 :— ’ ‘ —: .
= “\ Best fi E EW doublet (since A,
1= X = .
ob L. . N A |SIVI predlchon. E = 0.5 for triplet)
04 06 08 1 12 14

Ratio of W/Z couplings (Awz), with:

- Fermion couplings grouped together
- Total width left free
- Extra degree to allow to absorb deviation from the SM in the H — yy loop

Awz consistent with the SM

Both experiments have a comprehensive analysis of all channels combined.
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New -- After the Higgs Discovery

H-> vy, ZZ*, WW* analysis updates N(ew ATLAS Higgs Papers ~
based on full 2011-2012 dataset arXiv:1307.1427 Sub. Phys. Lett. B (Mass,

X . Couplings)
(4.6 fb™ @ 7TeV, 20.7 fb™ @ 8TeV) arXiv:1307.1432 Sub. Phys. Lett. B

. Spin-parit
Higgs mass from H->yy and \ (Spin-p y))
H>Z7Z*—> 4 .
New ATLAS Higgs Pub Notes
Signal strengths (u = /0,
o ] / ATLAS-CONF-2013-012 (yy) - \
Sensitivity to vector boson fusion ATLAS-CONF-2013-013 (2Z*)
ATLAS-CONF-2013-031 (WW*)
(VBF)
ATLAS-CONF-2013-040 (Spin) ~Property
. ATLAS-CONF-2013-079 (VH = bb)
Comparison of decay rates ATLAS-CONF-2012-160 (H - ) measuremen
ATLAS-CONF-2013-075 (WW?*) ~ ¢
Cou plin gs ATLAS-CONF-2013-029 (yy)
. . ATLAS-CONF-2013-009(Zy) )
Spin and parity ATLAS-CONF-2013-010(uw)
ATLAS-CONF-2013-067(HMH—>WW)
Searches in rare decay modes ATLAS-CONF-2013-072 (diff oH=>vy) [~ Searches

ATLAS-CONF-2013-075(VH>WW)
ATLAS-CONF-2013-080(tt +H=>vy)




Lepton Energy/Momentum Calibration =~ =

. IClolnjplarison to PDG valqg

80'005— """"" R B S S R N R > : .
= = Data 2012 = ATLAS Preliminar ¢ Data ]
g 0'0045 ATLAS Preliminary ] 8140 y_1 7zz") -
£ 0.003F e Z—yuu N - \s=7TeV: [Ldi=4610" EZ4jetstt |
§ 0.002;@&0 vY - pu . Og 5120 \s=8TeV: Jijt=20.7 ! .
@ 0.001F #6 0 Jhy — pu v §1oo Z%4M—_
a E o] = | ]
Muons A °° 3 80 -
0 -0.0015— o oOOOooam— o _E 60 _
5 -0.002F oo T R = ]
3 - A T - 40 .
e -0.003 o % . ]
-0.004F = 20 ]
_O 00 _l Ll l L L L l L L L l L1 1 1 1 - l Il 1 L l - l L L L l - 1 11 L l: a

' -5.3_’.5 2 -15 -1 -05 0 05 1 1.5 2 25 70 75 80 85 90 95 100 105

n m,, [GeV]

Stability of EM calorimeter response vs time/pile-up better than 0.1%

2 1005FT , . . . , R
& 1.004F RUS-0:023% ® W-evEfp: E 8 10045 RMS: 0.019% @ W-ev Elp =
3 1.003F RMS: 0.033% O Z—eeinv. mass 3 > E RMS: 0.015% @ (O Z—eeinv.mass I
3 1.003F E 5 E 5% 5 : =
o E . @ = : : : : =
& 1.002f = S — =
o E E ® = =
E|ectrons 2 1001 42 qo01 g
=] = —'4)—,,_ + E s E =
o SRR eSS S S T = 2.4 R P =
g 1t ¢g“"’3:2:<§% ¢ 3 e F : I
0.999 - = 0.999 =
0.998- 3 0.998= =
0.997F 5 = 0.997 5 f =
0,006l Data 2012\s=8TeV, | Ldt = 13.0 fb 3 0oog. D28 201258 Te JLdt=13010 E
" F {ATLAS Preliminary E YYPC ATLAS  Preliminary | 3
0.995—| | I | | I 0905 o Lyl L e e e 1
26/03 25/04 25/05 24/06 24/07 23/08 22/09 8§ 10 12 14 16 18 20 22 24 26 2
Date (Day/Month) Average interactions per bunch crossing
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ATLAS
m, = 125.5 GeV

VBF vs. ggF Production

=+ o(stat)

o(sys)
o(theo)

Total uncertainty

+ 1o

+ 20

H— vy

MVBF+VH — 1 1+0 .9

ugantH -0.5

+0.4
-0.4

+0.7
-0.4

+0.2
Y EEm—

H— ZZ" — 4l

MVBF+VH =0. 6+2 4
l'ngF+ttH -0.9

+1.3

H—> WW* - Iviv

VR =92 O+2 2
l'ngF+ttH -1.0

+0.5
-0.2

Combined
H-yy, ZZ*, WW*

HyBrvH _ 4+0.7

l‘ngF+ttH - "-05

%éi\

+ 0.6
-0.4

+0.2

~ 01 lﬂ :

s=7TeV [Ldt=4.6-481b"

\s=8TeV [Ldt=20.7b"

PIC September 3-7,

2013

/
H VBF+VH H ggF+ttH

=
UCSD

Mygrvi VS Megr ettt potentlally modlﬁed by

10

x B
(o8]

rrrr T T T T T T T T T T T T
\ | | | \ |

l'LVBF+VH

e ATLAS

m,, = 125.5 GeV

llll

\s=7TeV [Ldt=4648fb"
\s=8TeV |Ldt=20.71"

—H-oyy
—H->ZZ" - 4l
— H-> WW* > viv

+ Standard Model
X Best fit

— 68% CL
-- 95% CL

........

Illlllllllllllllll

ol by by b by TR
270 05 1 15 2 25 3 35 4

2In A
H

14

12

\s=7TeV [Ldt=4.6-4.8f"
\s=8TeV |Ldt=20.7fb"

10

@
TITII]YIYI1I!I]17]1l]IlTIIII

my, = 125.5 GeV

3.30

— Combined Fewiden ce

--- SM expected

/'

i

VBF ggF+ttH

Mysrsvi / Mggraun = 1.4+0.4-0.3(stat)
James G. Bransé®, UC Sléq'lﬁe'&"'(sys)



“VBF,VH

PIC September 3-7, 2013

Al

MggH,ttH VS HvervH

UCSD
6 CMS Preliminary {s=7TeV,L<5.1fb' \s=8TeV,L<19.6fb"
1 I 1 I l 1 I 1] I ] 1 1 1 1 1 1 1 13 1
i + H-o1r
i + H-WW
i + H->ZZ
= H — bb
i H— vy
o -
O | —
| | I | | 1 |
-1 0 1 2 S
MggH,ttH
James G. Branson, UC San Diego 50
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Energy Scale and Resolution UCSD

Muon energy scale and resolution corrections and systematic uncertainties determined
from large Z, J/1 and Y samples

O Resolution correction (0.2-1.3%), scale correction ( < 0.1%)

U Independent measurements from Muon Spectrometer and inner tracker

O Probe global and local scale biases, overall uncertainty on 4u scale 0.2%

O Calibration using Z=> 4u mass peak

~Lomparison to PDG value

8 0'005: """" P ' ' I IR - > LA L L B LI R LI B IR LIS LR LN B
c = Data 2012 = ATLAS Preliminary ¢ Data 1
o 00045 ALAS Preliminary - &40 | ' mzh
£ 0.003 ;_ o Z— U _; s \s=7TeV: |Ldt=4.6fo W Z+jets,tt
E 0_002%030 vY - uu R 5120 \s=8TeV: |Ldt=20.7 fb” .
S - #5 ody—sup 7 9 5100 -
& 0.001 —¥— S 1
© - O = 80 ]
£ - = -
® -0.0015— o —SW o _E 60 _:
© - 00 % (0] ] 40 -
o -0.003 o % - .
-0.004F 3 20 g
0 OO :l [EEER TN AN AR AR S AN RN T A T N AN A | ' | N =
25 2 15 -1 05 0 05 1 15 2 25 70 75 80 85 90 95 100 105
n my, [GeV]
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Relative energy scale

EM Colorimeter Calibration

O In-situ energy calibration results and their stability checked with different

methods

(E/P with W—> ev, J/y = ee)

L Uncertainty on the diphoton mass scale 0.6%, largely contributions
» Material effects (separately for volumes for |1 | < 1.8, and |n| > 1.8)
» Uncertainty on the in-situ calibration method

2A)

Stability of EM calorimeter response vs time/pile-up better than 0.1%

1.005: | I ] I I T R Q 1005:| T | UL T T T | T T | T T | T T T | LI B L B B B !:
1.004f RMS:0.023% o ;vi—aev_E/p- = 8 1.0047 RMS:0.019% @ W-ev Efp =
1.003f ..RMS: 0.033% O Z—ee inv. mass = § 1.003E5: RMS°015% LZaeemvmass_f
- E ) = : : : =
1.002- = S 1.002 ;_ €
1.001F- 4 2 10017 o 3
I == e=8= 34 3 ST TR P S W W PSR P =

't o ey 4)% 1 < e ey 0T8T
0.999 E— = 0.999 = -
0.998F 3 0.998 = E
09965— Data 2012 \s=8 TeV, | Ldt = 130fb E 099655 Data 2012, \!_—8 TeV Ldt- 130fb =
’ = ATLAS Prellmlnary : E ’ ? ATLAS Prehmlnary i ; E
0.995=1 - L ! 0.995 = i | [P P B =
10 12 14 16 18 20 22 24 26 28

26/03 25/ 04 25/05 24/06 24,07 23/08 22/09
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Date (Day/Month)

James G. Brans®h, UC San Diego

Average interactions per bunch crossing



Photon Energy Calibration

-

L MC based calibration at cluster level tuned in test beams

O Need accurate material description for e> g extrapolation
(Cross checked with EM shower shapes, photo conversions, hadronic interactions and e/p,...)

U Energy scale corrections from Z decay to electrons. Cross checked at the lower energy
spectrum with radiative Z decays

E _[ UL .I L I L I. T : o I T I T I T I T l_l 6 0.08_][ T I T rrr I rrTr I TrTrT l T I rrTT I LI I rrrrT I T I T
E - ATLASPreliminary ~ -0.626 <n<-0.100 - - ATLAS Z-ee, Data 2010, \s=7 TeV, [Ldt~40 pb '
~10000[~ *  Data . 0.06] .
'.?_:) B :| MC conversion candidates ] 0.04} + + + E
|_|C_| 8000__ - MC true conversions ] N ++ =
B i 0021 +|+ } +++++ E
6000~ - oF +++ - # b + -
B i - + + ++ ‘1* *+* A :
4000~ - 002 v 1. E
: Y S EE & B
2000 ] - | ]
i i -0.06— EMEC EMEC .| EMEC EMEC —
0 . [ FCalC  WC OWNC  EMBC . EMBA . OWA WA FCalA |
G b it b bva e b b i v by e b by 1 7]

0 200 250 300 350 400 -0.08 4 3 2 1 0 1 P 3 4

=

R [mm]
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