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How Elementary Particles Acquire Mass

A fermion mass term is given byOnly left handed fields carry
weak charge. [ =my W,

Via SSB the Higgs field “charges” the vacuum with a weak
charge and the symmetry is preserved (“hidden”)

¢:<H>+h L, :)gy/¢l/7LWr =8y (<H>+h)l/7Ll//R

m,

8y <H>l/7Ll//R + gwhlle//R - my/l/7Ll//R + @hlpﬂ/ﬁe

The coupling of the Higgs fo particles is proportional to the
particles’ mass. The Higgs Boson will therefore decay with a
higher probability to the heaviest particle kinematically available

I'(H — xx) 5

BR(H — xx)= m:
2 I'(H = xx)




Introduction

The mass of the Higgs Boson is not predictable by the SM.

Knowing the mass of the Higgs Boson all its SM couplings are

predictable.
o 10f

If we could order I‘I_l
a mass, ﬂg
we would order ©
mH=120-130 Gev 10-1
At this mass we have
access to all 102
decay modes!

10°
WE WERE LUCKY

10"
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Discovery Channels

BR@ m, =125 GeV  ~o(m)/m

H — bb 57.7% 10%
H—> WW-= 2120 | 0.756% 20%
H— 77 6.32% 10-20%
H— vy 0.228% 1-2%
H— 77— 41 0.0276% 1-2%
H — Z~v— 1y 0.01% 1-2%
H— pp 0.0219% 1-2%




The Discovery
Channels

Eilam Gross, TAE Benasque 2015




Hovyy
' BR(H — yy)(m,, ~125GeV)~23-10""
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Higgs Discovery Channels

Higgs decays to a pair
of Photons has a very

clear signature [cMs,
q1 qS Cawmt - o
0
W/ A | T T
-------- - )
— “‘“"s
P,
92 4 s

VBF  qq'—>qq'H — qq’yy
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Follow the di-photon

As Yyou accumulate
statistics, the signal
becomes apparent

The background is huge

and comes mainly from

pp — Yy + jets

g TTT N
VLQ\S\E.M VA
thA - - --«>3 W
H ,
] W ’ﬁmnc,w

I ™ Y I ™

> ’
@ - - .
& \s=7TerLdt:0.1Sfb " May 1,2011
£ 4000+ -
¢ F =
w [ ]
SO b ATLAS Preliminary -
3000 — H-yy channel —
I~ = Background-only ) =
2500 - For Illustration Only=
2000;
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500} '
i 200 1
o
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.. [Ge
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Follow the di-photon

> 5000~ T e
. O JLoteas5m' v« 7 Tev ATLAS
pp ) W _|_ ]el-S 2 JLat=203m" \s=8TeV + Data
L%’ 4000 +— Unweighted sum — Signal+background ]
«+++ Background
— Signal

A simplification to get the
significance is by counting

B, =7916
N,=N,, —B, =468

P 468 _59 §

" b 7916

N” ~o(pp—>H—>yy) LeA=409 = 7 7

s ,exp

~ 409 46

O =
7916

‘LLW — G(pp%H %W)obs . 468 zl 17+O 27
oc(pp—>H—>vy),, 409
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Follow the di-photon
As Yyou accumulate

%) 10000.. CMS preliminary «  Data
statistics, the signal 8 SetsiLsme e
?) 8000:’— [ ] 2takey
becomes apparent € ] orwen
lﬁ 6000 [7] Mevry (125 Gev) <5
i
. 4000 =
The background is huge and |
. 2000
comes mainly from 3
o 900 110 120”130 140 150 160 170 180
pp =YY + jets m G

Need to separate the
Background from the
Signal, otherwise you will
be swamped by the
Background

Eilam Gross, TAE Benasque 2015 10



Categorisation to improve sensitivity

Photons: High pt (~60 GeV) well isolated

Diphoton selection

ttH leptonic

!

tt H hadronic

v

V' H dilepton
(ZH — ((H)

Two energetic isolated
photons

UATLAS

2 EXPERIMENT

1 Gross, TAE Benasque 2015 11



Categorization to improve sensitivity

Diphoton selection

ttH leptonic

!

tt H hadronic

V' H dilepton
(ZH — ({H)

v

V H one-lepton
(WH — (vH)

t/b

(a) i/b

ttH with at least one top
with a semileptonic decay

itH — b/vbWH

ttH with both tops decay
Hadronically

tH — bW, bW, H

1 Gross, TAE Benasque 2015
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V' H dilepton
(ZH — ((H)

v

V' H one-lepton

(WH — (vH)

v

VH Empiss

(ZH — vwH: WH — fvH) ||

v

V" H hadronic

(WH — jjH; ZH — jjH)

TN T . -

{ W /ZH — jjH yy+jets

1 Gross, TAE Benasque 2015

orization to improve sensitivity

q (a) W/Z
| VH targeting
ZH — (/H vy +di-lepton

' WH — (VH vy +one lepton
{ ZH > vvH Yy +missing energy

13



\& 4L —7 vl vy Il T LY AL ) . . . e
C.a:l:egal'lza’rlon to improve sensitivity
q q

v

V" H hadronic

(WH — jjH; ZH — jjH)

q (b) q

VBF tight
(gqV — jjH)

v

VBF loose
(qqV — jjH)

UATLAS

L EXPERIMENT

2 back to back forward jets

Untagged
(99 — H)

with no additional activity
(but di-photon, in the central
region)

Eilam Gross, TAE Benasque 2015
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(aqV — jjt

v

VBF loose
(q¢V' — jiH)

| VBl tigh;)a’regotiza’rion to improve sensitivity

Untagged

(99 — H)

g 0000

t,b A -

99900




Diphoton selection

v

ttH leptonic

\ 4

ttH hadronic

v

V H dilepton
(ZH — ({H)

v

V H one-lepton
(WH — (vH)

v

VH Epis

(ZH — vvH; WH — fvH)

v

V' H hadronic

(WH — jjH; ZH — jjH)

v

VBF tight
(qqV — jjiH)

v

VBF loose
(qqV — jjH)

v

Untagged
(99 — H)

Categorization to improve sensitivity

1'1']'1'1[]II'I'I'I]I'III"T‘V]l'l[‘l’ll’I']l’llllllI'

BogF BveFr BWH BZH [ fiH bbH tH
ATLAS Simulation H vy \1s=8TeV

TH leptonic

1TH hadronic | ttH tag I

VH dilepton
VH one lepton
VH ET*

VH hadronic
VBF tight

VBF loose
Forward - high Py
Forward - low p_
Central - high P
Central - low p -

0O 01 02 03 04 05 06 0.7 0.8 0.9
Fraction of each signal process per catego

VBF tag

Eilam Gross, TAE Benasque 2015
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Follow the di-photon Categories

pp — Yy + jets

No weights are applied

> 5000~ T T T B B
0] [Ldted5" 157 TeV ATLAS Nl
— Y 1
2 . {JLdt-ZO.Gfb.\S:BTcV 4- Data y
] (- nweighted sum -
5 4000 C 9 — Signal+background ]
- ===+ Background I
- - Signal N
3000}
2000}
10001

data - fitted bkg

Eilam Gross, TAE Benasque 2015

17



Follow the dl-pho’ron Ca’regorles

180 [Lm 45m'\'§ 7TeV
fLat=203m" Vs=8Tev
S/B weighted sum

Signal strength categories

160

pp — VY + jets

Events are weighted by
1+s/b

Y weights / GeV

140

120

100

g

e
.
.
.

————
ATLAS

-$-Data

= Signal+background
===+ Background

— Signal

my, =125.4 GeV

lllllllllllllllllllllllllllllll

40
20
9
Fel
B
=
:
;
N " A 1 A A 1 A A 1 A A 1 A A L A A A
110 120 130 140 150 160
m,, [GeV]
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H%ZZ +4€€—eu\ N

| BR(H — 77 )(m,, ~125GeV) ~ 3%
BR(H — 40)(m,, ~125GeV)~0.011%

Eilam Gross, NEXT Abingdon 2015
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Higgs Discovery Channels

Higgs decays to a pair
of Z Bosons which deac
into a pair of leptons
each (lepton=Muon or
Electron) has a very
clear signature.

g >H >77 —eeu

AC"'UG“Y '|'hi$ Channel IS 4 Channels:eeuu,‘uﬂee,eeee,ﬂ‘uu‘u
fully reconstructed! categories :

VBF  m,>130GeV

VH, . 40 <m; <130

VH additional /

lep

F

Eilam Gross, TAE B§1(agsque 2015 20



Higgs Discovery Channels

Due to one Z being off-
shell, Z* needs to
control

energy/momentum to
very low values!

2

c
2300
o
2000

CMS Simulation, Vs = 8 TeV

III'-I-I-I-l-l-l-,ll_llll_lII-I"I-I"I-IlIII|III|III|III|III|III

- H—ZZ2* - 4mu
‘el M, = 126 GeV

f
1 Before analysis selection

ter analysis selection

.=
H

P, [GeV/c]

Eilam Gross, TAE Benasque 2015
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Discovery Animation

Events / 5 GeV

Data - Background

35

30

25

20

15

10

lll'lll‘l!lY IYIIIVYIIY-1'7"![~YUIIU!IY LI B |

Vs =7 TeV JLdt=o.40fb" Jun 1, 2011

ATLAS Preliminary
H—)ZZ( )—>4I channel

111111'11[1111111

[ ] Signal (m“=125 GeV)
1 Background y 7 ol

Illl]llllllll]lllllllll]Ill]‘[lll
11

B Background Z+jets, tf -

—4— Data .

X .

SO TOURUTRU TSR SURUUTON YOOI
- -_— IR _~ = - —

’_—

AAAAAA

50 100 150 200 250 300 350 400 450 50

M, [GeV]
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Follow the 4 leptons

340:_ ¢ Data 2011+ 2012
. ¥ all . " -SMlesaoson
Educated SImPIIFICGfIOn 2 ash.  ™=124.3GeV (f)
@ - [ Background Z, ZZ*
W Background Z+jets, ti
301~ %7 systunc.
25}
20¢
15}
Bexp = 21 10- k
obs __ _ E
Ns _Nobs_Bexp_37 5
S 37 o

O'Obs~\/g=\/ﬁ=8.l 100 150

ATLAS

H—-ZZ*—4l
Vs=7TeV JLdt =461’
s =8TeV JLdt=20.7 o

m,, [GeV]

N ~o(pp—>H—>Z7ZZ —40)-L-e-A=28

S ,exp
28
O =——=6.2

exp \/ﬁ
37

v 0P 2 H 240, 3T 4 444035
o(pp —> H —4/) 28

exp
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H >WW = /(vl'y
BR(H — WW )(m,, ~125GeV) ~22%
BR(H — (viv)(m,, ~125GeV)~0.76%

Eilam Gross, NEXT Abingdon 2015
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WW top

Background (contains b quark)

tt >bb+ 00

Use anti b tag
Angular separation
between leptons

/" /| ©ATLAS

4 1A EXPERIMENT

Eilam Gross

Combined LHC Higgs Mass, Niels Bohr Institute, 5.5.2015
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|

obs

Q
I

exp

> 450 :__l T v T v ‘l T T Y. v .l T ¥ v v I T T v T l L2 1__:
65 & = ATLAS Preliminary e Data =
DO | © 400 \s-sTev,[Lat= con' R ww 3
E 3505— H-wWwW' '— evuv with 0/1 jet B WZ/ZziWy =
5 96 s - L]« -
. bt 300 [ Single Top =
250_:_ - Z+jets B
= [ ] W4jets R
3 H[125 Ge =
200 B H(125GeV] S
150" 06.04.2012 E
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5 40
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H->bb: W/ZH->W/Zbb BR(H — bb)=57%
GATLAS

EXPERIMENT

http://atlas.ch

Eilam Gross, Weizmann Institute



BR(H — 17) = 6% TauTau

N\

Run: 209074
Event: 29487501

2012-08-23
15:06:35 UTC




Mass Measurement
Results
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ATLAS Published analyses

Phys. Rev. D. 90, 052004 (2014)

% 200 m—— 1 rr [ T [ T T [ T T T T [ T T T T
9180:_ det:4.5fb"\/§=7TeV ATLAS TT T T[T T T T[T T T[T T T T[T T T[T T T T[T T T T [TTTT[TTT1
k2 = [ Ldt=20.3 b7 Vs=8 TeV B
'-5’ 160_ s/b weighted sum —+—Data 35 C ATLAS ¢ pat
3] . " L
z , Combined fit: |:| Signal (m_ = 124.5 GeV p = 1.66)
Al Mass measurement categories — Signal+background H— Z2Z* — 4] H
140
===+ Background B Background ZZ*
¥ 30 ﬁ=7TeV:ILdt=4.5fb1 -

120 — Signal

- Background Z+jets, tt
%//% Systematic uncertainty

mu=124.51+0.52 GeV
=124.51+0.52 (stat.)+0.06 (syst.)

Vs = 8 TeV: .[Ldt =203
100

25

Events /2.5 GeV

80

‘e
.
.
.
N

20

60

4

o

“mu=125.98+0.50 GeV
— =125.98+0.42 (stat. )+0 28 (syst

15

n
o

|A....

10

Y weights - fitted bkg
bbb ONE®®®O

0
S| 80 90 100 110 120 130 140 150 160 170

ATLAS Combined: my=125.36+0.41 GeV (symmetrized uncertainties)

=125.36+0.37 (stat.)£0.18 (syst.) GeV
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2013-12/

CMS Published analyses

“arXiv:1412.8662 (submitted to EPJ C)

o 19.7 6" (8 TeV) + 5.1 o' (7 TeV) CcMS {s=7TeV,L=5.1f";Vs=8TeV,L=19.7fb"

> X 3 > N T | T T T | T T T | T T T | .I T T | T T T
8 35F HCMS S/(S+B) weighted sum 8 351~ Data ]
TN - 5
; - vy ¢ Dat ™ B . Z+X i
3Re . . -~ 30F ]
"E C S+B fits (weighted sum) C . . ]
q>_) o5 f_ ...... B component ..UE) B |:| ZfY 4 ]
(O] r ) - ]
3 2 o F | Im =126 Gev ]
I: - Phys. Rev. D. 89, 092007 (2014) ]
g F - With minor updates ]
@ osf 151 -
N g - 1
= 0oF B i
@ 10 ]

- ;
00 124.700.31 (s ."‘.‘.-).‘.‘9.1..5.(.’?3(.5.*.)."‘."?\; 080 100 120 140 160 180
110 115 120 125 130 135 140 145 150 m4[ Gev)
m,, (GeV) 125.63+0.44-0.40 (stat.)+0.15-0.17 (syst.) GeV

CMS Combined: my=125.02+0.29-0.31 GeV

=125.02+0.26-0.27 (stat.)+0.14-0.15 (syst) GeV

Eilam Gross, TAE Benasque 2015 32


https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig14009PaperTwiki
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13002PubTWiki
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13001PubTWiki

LHC Higgs Mass
combination

Combined measurement of the Higgs boson mass in pp collisions at
\sgrt{s}=7 and 8 TeV with the ATLAS and CMS Experiments

Phys. Rev. Lett

G. Aad et al.
Accepted 16 Apnl 2015

Eilam Gross, TAE Benasque 2015



 ATLAS

« CMS

=125.36+0.37 (stat.)+0.18 (syst.) GeV

CMS Weight
1 1
o, 0.30°
CMS _ : ~
1 1 1 [~ 05%

+ +
Olus Oamas 0307 0407
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Profile Likelihood in a Nut Shell

n=us+b H,=BG only = Signal with strength U
=y’ L(u) (u—ﬁé)2
L(u)="Prob(datal 1) ~ e 205 a —¢ %
L(u)
2
jog L) (=)
L(uw) 20,
Y
—21lo gL(‘u ) _ ;u ) _ 2 (Z is the significance)
L@y o

A1) = ~2log EEZ; 7=JA(w)

Eilam Gross, TAE Benasque 2015 35



Profile Likelihood in a Nut Shell

n=us+b H,=BG only H, =Signal with strength U

L(u)

A(u)=-2log 7 Z=\ A(W)
Let 6. be n Nuisance Parameters
max L(u,0,) A
A(w)=-2log—2 =—2log L(‘lf’qi )
maXL(,u 6.) L(u,0,)

L
Wilks Theorem A(u)=-2log—— ~
L(ILL’QL' )Hu)

Jargon: The Nuisance Parameters are Profiled

Eilam Gross, TAE Benasque 2015
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Mass Measurement
Parameterisation
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Nominal fit: which p to profile”?

* The nominal fit has four common parameters:

My ,Ugmnﬂ U%F+VH ‘uzz
ul =, p’
. BR(H —yy)
W=, p”’=—
88 88 O.gﬁ BR(H N W)SM




Nominal fit: which p to profile”?

e The nominal fit has four common parameters:

144 144
My lL[ggH+ttH Hyppvy M

 The combined mass of ATLAS+CMS is therefore given by the following profile
likelihood test statistic

/7

~
Aﬂ\'

L("’”-/l ; /:‘f_:;;/fwul("’“Il) -,/7'\"-'1;1.4\-;,(7'1'1-/1) , fae(mur) é("“-ll))

-~ -~
Yy ¥ A

L(my, Hogr+ttH » v BF+V H > Fae; 0)

» Systematics is modeled with ~300 Nuisance Parameters

Almy) =

-~ -~
]

« 100 for shape parameters and normalization in Hyy Background model
(unconstrained)

* Most of the remaining ones, correspond to experimental or theory (constrained)

-
Eilam Gross, TAE Benasque 2015 39



The Fit Model

CMS CMS CMS
/’Lexp — ‘Ll /’Lexp _ :uVBF+VH /’Lexp _ luggF+ttH
| ATLAS RV~ ATLAS RF ~— ATLAS
‘Lt ILLVBF+VH Il’tggF+ttH
 ATLAS is the other experiment
ATLAS exp

u=uop

=

CMS
/lexp _ :uZZ
ZZ — , ATLAS
U,

H — vy H— ZZ® — (il
Mass my + Am.z + AmP mp + Amr
n exrp. YY exrp.
ATLAS | ggF, ttH | pA™ HggFriin(+bbi)RF_| ) Newp. . 27 AP
VBF, VH PUNETP- /1.{,"BF+‘,,..,,/\‘,}"{?'
Mass mpy + Amayz mpy
/ n Y
CMS ggF, ttH I - /"gg{’fu'HHbBH) I
VBF, VH I BRivEH
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Systematics
Correlations

41



Correlated Sytematics

* The experiments are different;
Different detectors and different methodology for systematic
evaluation

+ Experimental systematics ony, e and y (energy/
momentum scale/resolution, efficiencies etc.) are
uncorrelated

* Only common theoretical uncertainties (QCD scale, PDF, BR)
and partial luminosity were correlated

» |t should be noted that the effect of these uncertainties is

mainly normalisation so the effect on the mass is negligible
(<10 MeV)

Eilam Gross, TAE Benasque 2015



PDF and QCD scale uncertainties

Correlation rather straightforward:
PDF uncertainties in ATLAS 4l analysis is uncorrelated

between signal and background because the correlation is
expected to be small. But in LHC combination they have
been correlated to be consistent with CMS 4l treatment

T — T E————————
Source Affected Processes Typical uncertainty
PDFs+ag ggF, ttH, bbH, g9 — ZZ +7%

(cross sections) | VBF, VH, qq — ZZ +3%
Higher-order | ggF +8 %
uncertainties VBF +0.2%

O Cross VH +1%
sections ttH o :;f
bbH M
q9q — 272 +3%
99 — ZZ +30%

Eilam Gross, TAE Benasque 2015 43



BR Uncertainties

* Uncertainties below 0.3% were neglected

e We were left with 5 NPs

| Decay Parametric uncertainty on ag(varies with decay) +1%
- widths Parametric uncertainty on my(varies with decay) +2%
| Theoretical uncertainty on I'(H — VV) +0.4%
Theoretical uncertainty on I'(H — ¢q)
Theoretical uncertainty on I'(H — v7)
=S ———————————— ——

Eilam Gross, TAE Benasque 2015 44



Luminosity Uncertainties

e Naturally part of the Luminosity uncertainty is common to ATLAS
and CMS

» 0.5% (0.6%) of ATLAS (CMS) Lumi @ 7 TeV
» 1.1% (2.1%) of ATLAS (CMS) Lumi @ 8 TeV
o Effect is negligible

7 TeV ATLAS | CMS

Total 1.8% 2.2%
100% correlated between ATLAS and CMS | < 0.5% | < 0.6%
Uncorrelated between ATLAS and CMS > 1.7% | > 2.1%
8 TeV ATLAS | CMS

Total 2.8% 2.6%
100% correlated between ATLAS and CMS | < 1.1% | < 2.1%
Uncorrelated between ATLAS and CMS > 2.5% | > 1.5%

Eilam Gross, TAE Benasque 2015



Other NPs

e Other NPs are the individual experiments NP

* Main impact comes from those related to
Calibration/Energy/Momentum/Scale and
Resolution

* The correlation of the calibration based on
/—>ee energy scale in both experiments turns
out to be negligible




Impact of Systematics
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Systematic uncertainties

Energy/momentum scale and resolution of 4, e and y dominate
systematic uncertainty

ATLAS and CMS
LHC Run 1

ATLAS ECAL non-linearity /
CMS photon non-linearity

Material in front of ECAL

ECAL longitudinal response

ECAL lateral shower shape

Photon energy resolution

ATLAS H — yy vertex & conversion
reconstruction

Z — ee calibration

CMS electron energy scale & resolution
Muon momentum scale & resolution
ATLAS H — yy background modeling

Integrated luminosity

Additional experimental
systematic uncertainties

Theory uncertainties

Uncertainty in ATLAS
combined result

Uncertainty in CMS
combined result

Uncertainty in LHC
combined result

1
1
1
1
1
1
ATLAS
Observed
I [CJExpected

TINE

cMSs
Observed
| [CJExpected

“HUHU“HHH

Combined
Observed
[C]Expected

0 0.05 0.1

0 0.05 0.1
om, [GeV]

0 0.02 0.04 0.06

Nick Wardle
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Other experimental uncertainties (eff, JES, luminosity...

All experimental uncertainties uncorrelated

between experiments except luminosity

(partial correlation)

Systematic uncertainties

Energy/momentum scale and resolution of u, e and y dominate
systematic uncertainty

ATLAS and CMS
LHC Run 1

ATLAS ECAL non-linearity /
CMS photon non-linearity

Material in front of ECAL

ECAL longitudinal response

ECAL lateral shower shape

Photon energy resolution

ATLAS H — yy vertex & conversion
reconstruction

Z — ee calibration

CMS electron energy scale & resolution
Muon momentum scale & resolution
ATLAS H — yy background modeling

Integrated luminosity

Additional experimental
systematic uncertainties

Theory uncertainties

Uncertainty in ATLAS
combined result

Uncertainty in CMS
combined result

Uncertainty in LHC
combined result

H
NN

1

i

ATLAS
Observed
| [CJExpected

CcMS
Observed
| [CJExpected

UHUHUHHHH

Combined
Observed
[C]Expected

0 0.05 0.1

0 0.05 0.1
om, [GeV]

0 0.02 0.04 0.06

Nick Wardle



Systematic uncertainties

Theoretical uncertainties (QCD scales, pdf, BR...*) 100% correlated between

experiments

Almost no impact on mass measurement (as expected)!

ATLAS and CMS Uncertainty in ATLAS

combined result

LHC Run 1

ATLAS ECAL non-linearity /
CMS photon non-linearity

Material in front of ECAL
ECAL longitudinal response
ECAL lateral shower shape

Photon energy resolution

ATLAS H — yy vertex & conversion
reconstruction

Z — ee calibration

CMS electron energy scale & resolution
Muon momentum scale & resolution
ATLAS H — yy background modeling

Integrated luminosity

Additional experimental
systematic uncertainties

Theory uncertainties

*Interference effect not included

Uncertainty in CMS
combined result

Uncertainty in LHC
combined result

1

1
1
]
1

H
NN

ATLAS
Observed
[CJExpected

CMS
Observed
| [CJExpected

UHUHUHHHH

Combined
Observed
[CJExpected

0

0.05 0.1

0 0.05 0.1
om, [GeV]

0 0.02 0.04 0.06

Nick Wardle



Systematic uncertainties

Systematic contribution evaluated sequentially “freezing” nuisance parameter
groups to their best values and re-scanning the likelihood ratio...

Ny — 125.09 = 0.21 (Stat

Uncertainty is mostly statistical - O ) 1 1 (Scale

Scale uncertainties dominate

)
)
systematic —0.02 (Ot her)
)

— But we can expect that to

improve with more datal B O . O ]_ (t heOI'y*
GeV

*Interference effect not included
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MH VS. Y contours

< 3 T T T | T T T T I T T T T I T T T T T T T T | T T T T | T T T T
> | .
o B - == ATLAS H—yy |
© - ATLAS and CMS -- - ATLAS H—ZZ 4l
S - LHC Run1 CMS H—yy -
« 25 CMS H—ZZ—4l  —
I B — All combined ]
I B ]
% B et X Best fit |
Z 2— —— 68%CL _
o R -
~ - .
o . B PO —
I - S, i
) 1 5 __ ‘\ ‘\\ __
R X v
e S
O 5 B 1 | | I | 1 1 | I | | 1 1 | 1 1 | 1 I 1 | | 1 | 1 | 1 | | | | 1 1 |

' 124 1245 125 1255 126 126.5 127
m,, [GeV]
The best fit mH in contour (X) is not identical as my measured
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Some Examples

» Asses the tension between channels
Amu(yy-41)

A
A

. A AYY ~ Y A
L(Ava y TVH s HggpttH s PV BFP+vH » H4L 5 9)

A A ~YY ~YY ~f
L(Amw,z, MH,; Rggr4ttH » v BF+V H> R4t 0)

A(Am.z) =

~
~

» Asses the tension between experiments
AMH(ATLAS-CMS)
L(Ame?, M, /-:‘;};/«4-1#/ WV BPVH > flac 0)

A(AM*?) = —— — — -
1N ETP 2y R TRR |
L(A’” ]. ,”'IJ'/I"(]‘(]I‘.—F”II ./1‘[11"_*_‘11./11[.9)
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Tension In my between decay channels

-

\AI 7 L IIIIIIII I IIIIIIII "' 1] . ] L I 1 L 1 13 L ] L] L 1 | 1 ‘l ! 3 ] l'—
| 7 ATLAS and CMS ATLAS

265 e Run o

§, . — Combined

< 5 ol

c T

o E

-2 =15 -1 05 O 0.5 1 10 2
m!/-m¢| [GeV]

+O 50 No observed tension in
= — GeV
O 08 —0.49 G combined

>
S
T
)
=
|
N
R
|
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Tension iIn my between experiments

-

| Amp(ATLAS — CMS)77- = 090508 GeV

U’)\ 7 _T LU I T 7T I T rrr ] T T [ T rr7T ] T rrr I T 7T ] LB 1_
SEI - ATLAS and CMS — Hoyy -

6 — H—2Z -4l =
o °F LHCRun1 ez ]
é - Combined yy+4/ w
<O g =
g, - n
< n "\ B
= 4F : .
S\ m : -

3 =

/ Amu(ATLAS — CMS),, = 132105 GeV

=

| S W Tension.indl A ;. ... G AR— TensioR in yy
- 1.30 /EU
0 = A s Y .
-2 =15 -1 05 0 0.5 1 1.5 2
ITY:,TLAS— szS [GGV]
D ’ 1048 ' No observed tension in
\;AmH (ATLAS - CMS) — 0-41_0_52 GeV | combined measurements

between experiments

Eilam Gross, NEXT Abingdon 2015
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Reproduce Published results

TrTTTTTTTTTTTTI IIIIIIII|IIIIIIIII|IIIIIIIII
ATLAS H—yy F——e——+ e Total
CMS H—yy =] Stat.
] Syst.
ATLAS H—ZZ —4l | . |
CMS H—ZZ—4l —eo—|

ATLAS+CMS yy

ATLAS+CMS 41

ATLAS+CMS yy+4i

Eilam Gross Combined LHC Higgs Mass, Durham 21.5.2015 7



Tension Between Experiments

IIIIIIIIIIIII|IIIIIIII|IIIIIIIII|IIIIIIIII
ATLAS H—-yy I———— I Total
CMS H-yy ————] Alo Stat
] Syst.
ATLAS H—ZZ -4l | . :r\1‘30
CMS H—ZZ—4l —eo—|

ATLAS+CMS yy ) )
Some tension between experiments but not

ATLAS+CMS 4] very significant

ATLAS+CMS yy+4i




No Tension Between Combined Channels

ATLAS H—yy

CMS H—yy

ATLAS H—ZZ —4l]

CMS H—ZZ —4l

ATLAS+CMS yy

ATLAS+CMS 41

ATLAS+CMS yy+4i

-

TTTTTTTTTTTTTT IIIIIIII|IIIIIIIII|IIIIIIIII
HH—e—— I Total
=] Stat.
] Syst.
f ® {
————
1
F—e— ATLAS and CMS
...................... [
No tension between channels in LHC
_..combination . .. .. ...
124 125 126 127 128
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Fine Final Scan

-

AI 7 1 T 1 T ‘I’ T L4 T 1 I L4 T L T ‘[ T L4 T L4
S -~ ATLAS and CMS —— H-yy .
= 6 — H—>2ZZ -4l -
- - LHC Run 1 = Combined yy+4/ .
N - e Stat. only uncert. .
| 5 _
4 :__ """"""" 'k """ ... """""""""""""""" " """"""" s '_—:
3 B =
2 -
. 30\ -
1 :—— ......................... \ ..'..- .. .............. Y e —-.-
1 1 L 1 L 1 L i 1 1\“ 1 1 1 1 L 1 I
24

0O

124.5 125 125.5 126
m,, [GeV]

my, =125.09 £0.21(stat) = 0.11(syst)GeV

2InA=1=0

2 >
\/Gtot o GStat — Gsyst

S
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Combined Mass

ATLAS H—yy

CMS H—yy

ATLAS H—ZZ —4l]

CMS H—ZZ —4l

ATLAS+CMS yy

ATLAS+CMS 41

ATLAS+CMS yy+4i

my, =125.09 £0.21(stat) = 0.11(syst)GeV

TrTTTTTTTTTTTTI IIIIIIII|IIIIIIIII|IIIIIIIII
F———— I+ Total
=] Stat.
] Syst.
: . :
————
=
—+—e+— ATLAS and CMS
| LHCRun1
I
IIII|IIIIIIIII|IIIIIIII|IIIIIIIII|IIIIIIIII
124 125 126 127 128
m,, [GeV]

-
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Compatibility

A number of different models to check
compatibility of the result ...

3u+4m
Four masses

3u+lm
“Nominal”

et

(_educated guess | Six signal modifiers

Nick Wardle

ATLAS Houyy
CMS H—yy
ATLAS H»2Z 8
CMS M 222
ATLASCMS yy
ATLASCMS U

ATLAS+CMS yredl

e oo |

bwaedi  ATLAS ard CMS

|
124 125

126 127 128

m,, [GeV]

Least assumptions
made



e e amash-ry | BN et e Totdl
Compatibility o
ATLAS H—2ZZ -4l - Syet.
. CMS H - »2ZZ -
A number of different modelstocheck L
2l sl® TLAS+CMS
compatibility of the result ... * " BN
ATLAS+CMS ar psntid  ATLAS and CMS
e ATAS.CMS yroat | ’T* """" LHCRun1 |
+ aasalasssaaial R s s sy lasssssass lasassssay
What happens if the p+em 124 125 126 127 128
nominal model is used Four masses m,, [GeV)
with 4 masses A

3u+lm
“Nominal”

The actual compatibility between the
combined value and the 4 measurements

What we “see” when looking
at the 4 measurements in the

plot.

Chi? p-values 6p+1m

Six signal modifiers
, [ Educated guess ]

Nick Wardle Results compatible within 20!



Conclusion

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I
LHC Run 1 Total  Stat. Syst.

ATLAS H—vyy I ® i 126.02 £ 0.51 (£ 0.43 £0.27) GeV
CMS H—yy | 124.70 + 0.34 (£ 0.31+ 0.15) GeV
ATLAS H—ZZ—4l I . i 124.51+ 0.52 ( £ 0.52 £ 0.04) GeV
CMS H—ZZ—4l I —— | 125.59 £ 0.45 (£ 0.42 £ 0.17) GeV
ATLAS+CMS yy I_El_l 125.07 £ 0.29 (£ 0.25 £ 0.14) GeV
ATLAS+CMS 4] I T.l | 125.15+£0.40 ( £ 0.37 £ 0.15) GeV
ATLAS+CMS yy+4l F?—l 125.09 £ 0.24 ( £ 0.21 £ 0.11) GeV

1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
123 124 125 126 127 128 129

m,, [GeV]

-
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