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- The following combined measurement will be reviewed

= mass using only the two channels with the better resolution (yy and ZZ)
= signal strengths using all channels

= couplings using the three most sensitive channels: yy, ZZ, and WW
+ fermion vs boson mediated production modes
 custodial symmetry
- fermion vs gauge vectors couplings
- beyond standard model contributions
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Introduction

- In ATLAS, an update of the combined search for the Higgs boson is made using the 5 most
sensitive channels in the low mass region given the LHC environment.
ATLAS-CONF-2013-030, ATLAS-CONF-2013-012, ATLAS-CONF-2013-013, ATLAS-CONF-2012-161,
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ATLAS-CONF-2012-160, ATLAS-CONF-2013-034, ATLAS-CONF-2013-014

- The observation of a Higgs-like particle is confirmed with this update

- Some of these channels are now enough sensitive to distinguish various production modes,
through dedicated categories

Channel f Ldtin fb~! Tagged Observed (expected) | Signal Strength Mass (GeV)
(2011 +2012) categories significance
H->yy 4.6 +20.7 | ggH, VBE, VH 7.40 (4.10) 1.6+0.3 126.8 + 0.2 (stat) + 0.7 (syst)
H—ZZ -4l 46 +20.7 | ggH, VBF, VH 6.60 (3.70) 1.5+04 124.3 *0¢ (stat) 73 (syst)
Ho WWo v | 46+20.7 ggH, VBF 3.80 (3.70) 1.0+0.3 -
H- 1T 46+ 13 ggH, VBEF, VH - 0.8+0.7 -
VH — Vbb 4.6 +13 VH - -04+1.0 -

- Combining these 5 channels, the different couplings to fermions and bosons can be probed.

More detailson -H->bb see N.Tannouri talk
-H->WW see Z.Zhang talk
-H->tt see A.Nayak talk
-H->gg see O.Davignon talk
-H->7Z7Z see T.Guillemin talk
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The uncertainty on energy scale "o o

« Main uncertainty on the mass measurement

- Two types of objects:
= Muons: very low uncertainty on their energy scale (derived from J/y and Z->ee)

- Electrons and photons: sizeable uncertainty on their energy scale (derived from J/y and Z->ee
+ validation with Zy events > see C.Rangel talk)
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Source H—-vyy | H-4l
| Absolute Energy scale calibration fromZ | +0.3% | +0.4% |
Upstream material simulation inaccuracies | +0.3% -
Presampler energy scale +0.1% -
ely Energy scale calibration for low - +0.2%
transverse energy electrons
Additional sources of uncertainties +0.35% -
u Muon momentum scale - +0.2%
Total +0.6% | +0.4%

> Energy scale systematic correspond to
the uncertainty coming from the
computation of the energy scale factors

» Correlations between the two channels
coming from absolute energy scale
calibration from Z. The other sources of
uncertainties are not correlated
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» Most of the measurement are based on the number of signal observed:

category/channel detector acceptance decay final state

production mode  efficiency of reconstruction =~ Luminosity

-

* The strength parameter is simply the comparison of the observed signal yield
with the SM prediction

-
Ui = 0i/TisMm

— global signal
-~ |'u Hi-f I strength

1f = By/Brsm




Signal Strength LHC France - Annecy ~ 4/04/13

- Statistical procedure: measure the number of signal and parameterize it in the
likelihood as a function of the cross section and the branching ratio

| | | | | | |
ATLAS Preliminary | my = 124.5 GeV

W,ZH — bb

Vs =7 TeV: [Ldt=4.7 fb" e e
Vs =8 TeV: fLdt=13 1"

v it = 1.30 + 0.13 (stat) + 0.14 (sys)|

Vs=7TeV: [Ldt=4.61b" P
Vs =8TeV: fLdt =13 fb” :

H—wWW" = iv

- Combined value at 125.5 GeV :

Vs=7TeV: [Ldt=4.61" +

Vs =8TeV: [Ldt=20.7 b : o o .

H— yy § » Consistent with SM hypothesis u=1
Vs=7TeV: [Ldt=481" D —e— 1 1 =

L 5 within ~1.30 (p-value=0.09)

H—zZz" - 4l j

\s=7TeV: =461 I —— 3 1 1t 1
v s sor ; « Almost independent of the mass on which it is
Combined l=136=021 i evaluated: ghan}%mg the nll)ass h;pothesm from
Vs=7TeV: [Ldt=46-48fb" : ~

\E=8TeV:de:=136— 20.87fb'1 A 124-5 012 o Changes u by ~47

I I I I I I I
-1 0 +1

Signal strength (u)
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- Statistical procedure: measure the number of signal and parameterize it in the
likelihood as a function of the cross section and the branching ratio

| | | | | | i
ATLAS Preliminary i m,, = 125 GeV

W,ZH — bb
Vs =7 TeV: [Ldt=4.7 fb" °
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v it = 1.30 + 0.13 (stat) + 0.14 (sys)|

Vs=7TeV: [Ldt=4.61b" P
Vs =8TeV: fLdt =13 fb” :

H—wWW" = iv

- Combined value at 125.5 GeV :
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- Statistical procedure: measure the number of signal and parameterize it in the
likelihood as a function of the cross section and the branching ratio

W,ZH — bb
Vs =7 TeV: [Ldt=4.7 fb"
Vs =8 TeV: fLdt=13 1"

H— 1t

Vs=7TeV: [Ldt=461"
Vs =8 TeV: [Ldt (=)13 fo™!
H—WW' — viv
Vs =7 TeV: [Ldt=4.6 fb"
Vs =8 TeV: [Ldt=20.7 fb™
H— vy

Vs=7TeV: [Ldt=4.8 b
Vs=8TeV: L(d*t)= 20.7 fb”"
H— 77" — 4|
Vs =7TeV: [Ldt=4.6fb"
Vs =8 TeV: [Ldt=20.7 fb™

| | |
ATLAS Preliminary

m, = 125.5 GeV

- Combined value at 125.5 GeV :

fi = 1.30 + 0.13 (stat) + 0.14 (sys)|

 Consistent with SM hypothesis p=1

e within ~1.30 (p-value=0.09)

» Almost independent of the mass on which it is

Combined
Vs=7TeV: [Ldt=4.6-4.8fb"
Vs =8 TeV: [Ldt=13-20.7 fb"

lu=1.30 + 0.20

|-

evaluated: changing the mass hypothesis from
124.5 to 126.5 changes u by ~4%

-1 0

+1

Signal strength (u)
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- Statistical procedure: measure the number of signal and parameterize it in the
likelihood as a function of the cross section and the branching ratio

| | | | | | i
ATLAS Preliminary i m,, = 126 GeV

W,ZH — bb
Vs =7 TeV: [Ldt=4.7 fb" °
Vs =8 TeV: fLdt=13 1"

v it = 1.30 + 0.13 (stat) + 0.14 (sys)|

Vs=7TeV: [Ldt=4.61b" P
Vs =8TeV: fLdt =13 fb” :

H—wWW" = iv

- Combined value at 125.5 GeV :

Vs=7TeV: [Ldt=4.61" +

Vs =8TeV: [Ldt=20.7 b : o o .

H— yy § » Consistent with SM hypothesis u=1

SRS . within ~1.30 (p-value=0.09)
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- Statistical procedure: measure the number of signal and parameterize it in the
likelihood as a function of the cross section and the branching ratio

| | | | | | |
ATLAS Preliminary i my, = 126.5 GeV
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Production modes: fermion vs boson mediated

« Test two kind of production:
~ fermion mediated (ggH and ttH processes) : Ugyp,31 (t00 low cross section for ttH alone)
- boson mediated (VBF and VH processes) are grouped: uygp Uyy Wyppive

LHC France - Annecy

*  Measure the ratio pygp/Ueer,um to eliminate the different branching ratio:

MUVBE/HggF+iiH = 12i8§J
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+ ~ I - -

Ié 6__ —H -y + Standard Model_— 10__ —]
= C —H- zz(“’(r 4 X Bestfit ] = m,, = 125.5 GeV .

- —H—->ww" - vy — 68% CL — - filed -
4: H— " 95% CL ] 8r ProTed Huy —
- e N — combined 7
2 ] 6 ---'SM expected
o = A\
-2 ] 2
- m,=1255GeV I ieieiiieieiiel Al TN T e
_4 _I 111 I 1111 I ] I 1111 I 1111 I 1111 I 1111 I 1111 I 1111 I 111 I_ 0_ I 11 1 1 I I‘I~ ‘f- 11 11 11 11
2 -1 0 1 2 3 4 5 6 7 8 -05 0 05 1 15 2 25 3 35
/
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- Compatible with SM expectation of unity.
- 3.10 evidence for non-zero VBF production
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Probing the couplings

* Fermion vs gauge vectors couplings
* Custodial symmetry
« Beyond standard model contributions
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* Number of signal measured:

Txx.T
N(XX — H — YY) ~ 0(XX — H).BR(H — YY) ~ 22 Y¥

I'tor
* With:
[ipr = g I's +I'psm
* Define effective Higgs boson couplings production decay
2 I; 2 Lior - H.QX X ’%/Y
“ K’H ~J ’n/S?, nal ™
ri(SM) Ftot(SM) 7 K’%—I

* The relevant parameters for the current searches are:

ATLAS: General Framework for couplings, assume:
» single narrow resonance

»Zero-width approximation
»>tensors structure of the couplings same as in the SM
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Couplings: Fermion vs gauge vector

(does the new state couple to vectors and fermions ?)

- Thanks to the various production and decays mode accessible at LHC, the couplings of
fermions and gauge vector to the Higgs can be tested.

f
) W, Z
f
& FTATIAS e T A THSED RS
- ATLAS Preliminary 1 E Ho M 22H S iy
3— {s=7TeV,|Ldt= 4.64.8 fb #%H — vy Blcombined |
- \s=8TeV,|Ldt= 13-20.7 b + SM % Best Fit
B Assume:
2 »identical couplings within fermions
1 »identical couplings within vectors
» only SM particles contribute to the H->yy and
0 gg—>H vertex loops.
»no contribution of BSM particles to total width

1
-l

06 07 08 09 1 11 12 13 14 15 16

Ky

» 2D best fit point compatible with SM at 8%
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Couplmgs Fermlon Vs gauge vector

9§_ ATLAS Prellmlnary | [Kv’ F] _%
sE- Vs =7 TeV, [Ldt = 4.6- 48fb‘j — Observed E
- (s=8TeV, JLdt=13-20.7fb"  -- SM expected E
7= . ) =
65 E
5 E
4
3 E
25 E
i
007 3 14
Ky
W | | T
o ATLAS Preliminary [icy K] 3
- Vs=7TeV,[Ldt=4.6-48f" —Qpserved E
85_ \s=8TeV,[Ldt=13-20.7fb' -- SM expected _g
V4= —
ok \ E
St \ :
3 E
2 E
1
095 05 0 75

- In H->yy decay, interference between W and
top loop
m)p H->yyis the only channel sensitive to
to the relative sign of xy and «;

[L.59 - #7 —0.66 - Ky rp +0.07 - 7]

only relative sign between x, and k 1s
physical 2 assume k>0

»At 68% CL:
kg € [-0.88,-0.75]U[0.73, 1.07]
‘ky € [0.91,0.97] UJ[1.05,1.21]
»Compatible with SM
»Indirect evidence of couplings to fermions
»Already 20 sensitivity to sign non degeneracy.
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Ratio of W/Z couplings (custodial symmetry)

« Identical W and Z couplings scale factors are required from custodial symmetry and direct measurement
of the p parameter at LEP

« Can test this constraint in the Higgs sector.

Assume: To avoid assumptions on total width need to
> identical couplings within fermions parameterize the model with 3 free parameters:

A, 1s scanned whereas the other
parameters are profiled

’\E L e e B B B
< of ATLAS Preliminary Dpyp ez 7] E
< - Vs=7TeV,[Ldt=4.6-48fb" —Opserved ]
ﬁ 8 E {s=8TeV,[Ldt=13-20.7fb" -- SM expected =
: V4= TR . —
6F - :
- - At 68% CL, find:
> - Ayz € [0.64,0.87]
45' 1 | >Fit prefers the non SM minimum, which
3E 3 | is within 1.50 from the SM (p-value=5%)
2 —
I
:1 |:
%2
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Couplings: Beyond Standard Model contributions

Kg
« Allow for extra contribution from new particles in the loops: H>vyy and gg>H and in the t
total width ¢ S
 Two possibilities: + H
= the non-SM particles have no sizeable contribution to the total width '

> the non-SM particles may contribute through invisible (i) or undetectable (u) Y e

final states - add a third free parameter: BR; , i -

Assume: '\”\«
>all couplings but K, and Kg =1 (SM) K = 1,08i8‘:ﬁ i

» Similar result for ky and kg with

= 1 24+0 16
Ky —0.14 | | the two hypotheses
(o) 3 . . . . .
At 68% CL level, find: BRiny wnger. < 0.33 »>Compatible with SM within
~1.20 (p-value: 10%)

o LI e o s e e o LA L e e e e s e e A; 10: """""""" IR L DL B B B
* > 2:_| A LAS Prellmlnary | I+ s|\/|I | | _é o oF- ATLAS Prellmlnary [, kg,B, ] 3
" F Vs=7TeV,fLdt=46-48f" x Bestfit ] = ob /5= 7TeV, [Ldt=46-48f"  —Observed E
2F is=8TeV, [Ldt = 13-20.7 fb" — 68% CL B o - Vs=8TeV,[Ldt=13-20.7fb" -- SM expected E
1.8F - 95% CL E - 7E E
1.65 E o E
af - 5t -
1.2F = 4k -
1 = 3E E
0.8)- = 5 ;_ _
0.6 ;— _; 1E- _;
R R K R I R VR I NN & AN 051 02 03 04 05 08 07 08 09

K B.

Lu



T2

Conclusion

LHC France - Annecy  4/04/13

- The masses in the channels with the better resolution have been combined and give

| my = 125.5 + 0.2 (stat) ig:g (sys) GeV | - the two masses are compatible within 2.5 o

 The signal strength has been combined within the 5 channels currently analyzed in

ATLAS.
| 2 = 1.30 + 0.13 (stat) + 0.14 (sys)|

- Ratio of boson vs fermion mediated production
modes is measured:

_ 7
|ﬂVBF/,UggF+tfH = 1-2i8_5|

> Compatible with the SM
= 3.1 0 evidence for the VBF production

« The compatibility of the various couplings
measurement with the SM hypothesis is within
~1.20-1.50 (p-value ~5-10% )
= no significant deviation with respect to SM observed

in the various fits

= no sign of new physics in loops or decays

—> compatible with the SM at the 9% level

ATLAS Preliminary Vs =7TeV, [Ldt=4.6-4.8 fb"

B+ 10

+ 20

Vs =8 TeV, [Ldt = 13-20.7 fb”
T T T T T T T H T

model:
Ky Kg

model:
Aoy Kyy

|
|

model:
Mz Mz

model:
Kg Ky

model:
Kg Ky, B,
=

1 1

1

1

1

-1

my, = 125.5 GeV

L
-

0
parameter value



e —

LHC France - Annecy  4/04/13

Back-up
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Interest of the mass measurement =
- Vacuum stability: equations from RGE (Renormalisation Group Equations) for
the quartic coupling allow to link the evolution of this quartic coupling to the
Higgs mass, and more particularly, for low values of the quartic coupling, it
links the Higgs mass to the top Yukawa coupling. Asking for a coupling being
stable until large scale allow to put a lower limit on the Higgs mass.

« MSSM and corrective radiations to the higgs mass : the MSSM predicts a mass
for the lighter Higgs smaller than the one of the Z boson. From radiative
corrections coming from scalar top sector, this limit can be passed. But there is
an upper limit located around 130 GeV. A too important mass of the Higgs
would invalidate these models.

« Correlations between mass and couplings

180

=" 110
200 : ="k
% T Meta-stability - -~
S 150} E 175k T
2 100} - i J . ;
E moLe e IR - -
3 §urof T __
2 2 BN B .- / :
o £ - 10:/ = Stability ]
0 e ' ' 165 Cai
0 50 100 150 200 115 120 15 130 s

Higgs mass M, in GeV Higgs mass M, in GeV
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The uncertainty on energy scale "o o

Main uncertainty on the mass measurement

Energy of electrons and photons are collected in the electromagnetic calorimeter
From the electronic signal to the final energy, there are 3 main step of calibration:

= electronic calibration Stmulation
o calibration with MC simulation
= in situ calibration using Z->ee events E.i = o+ BEpg + Y(Estrips+Emiddle+Eback) +0E o
R
El C ' ' ' _' ) ' ' . Upstream of Longitudinal
S 1= ATLAS Preliminary — accordion Out of cluster leakage leakage
gap g Cod EMB Middle Layer Side A ]
o 0.8 FT=1, Siot = 12, Channel = 10 (Gain =0)
em shower 0.6 :— : @® Normalized calibration pulse —:
o 0. 4; ’ @® Predicted ionization pulse é g ‘g
e Cé ] 8¢ B
nciden T\ 5 Electronmic 523
5 B c
o ® - 7 -
E liquid argon -5 : :_ _:
=] T T T T T T T a
— % 0 1 00 200 300 400 500 600 700 800
B “r oy 99 Emeas_Etrue(l +
> n-siwtu 7 Q
Uncertainty S
10
20.03 ’ T T j R g 0.08 e 200 T T
5 ATLAS Data 2010, \'s=7 TeV, [Ldi~40 pb’ - ATLAS Z—ce, Data 2010, \s=7 Te, dets40 pb™] 1g0F. ATLAS Preliminary 3
g 0.02 0'06? _+_ + E 160; Data 2011, \'s=7 TeV,det =461 é
3 0.04 ++ t ] 140F- Oeas=1-76 £ 0.01 GeV =
=< 0.01 C = C _ L : .
g . 0.02 +++ t } +++++ E 120 Wc =159+ 0.01 GeV . Ii<2.47 E
P F B = - Data =
g’ 0 O: + ++ ‘ X +”1. t + ] 100E —Fitresult ~ J
" -0.02F T 3 80; [Z—eeMC E
r ++ q 60— —
0.04- Jr} 7 sk E
] systematic uncertainty C ] = 3
-0.06— EMEC EMEC EMEC EMEC — 20— —]
0. 6<h1|<1 0 - Without material uncertamty [ Fcac wc owc EMBA {OWA 1WA FCalA | = .o B
| . I IR A W T PRI PR SRR AL PN AT I T . -EET
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E, [GeV]

n Mg [GeV]
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Uncertainty on Energy Scale for electrons

[00.6] | [06,10] | [1.0,1.37] | [1.52,1.8] | [1.82.5] | [2.5,32] | [3.24.5]
Statistical +0.1 +0.2 +0.2 +0.2 +0.2 +0.5 +10
MC closure +0.1 +0.1 +0.1 +0.1 +0.1 +0.2 +0.2
Method comparison 40.1 40.1 +0.1 40.1 +0.1 +0.1 +0.1
Background +0.1 +0.1 40.1 +0.3/-0.2 | +0.3/-0.2 | +1.2/-0.2 | +1.2/-0.6
Pile-up 40.1 40.1 40.1 40.1 +0.1 $0.1 $0.1

Presampler energy scale

pr-dependant from -1% to +1% for |n| <1.8 (see Figure 16)

ront energy scale . = . = . . .
Detector condition <0.1 <0.1 <0.1 <0.1 <0.1 +0.6 +0.8
Electronic non-linearit +0.1 +0.1 +0.1 +0.1 +0.1 +0.1 +0.1
Extra-material pr-dependant from -1.5% to +2% (see Figure 13)
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Checks of the mass measurement et o

- Many checks have been performed:

> Test the calibration of the method, using toys
(calibration of the central value AND of the error)

= Test the compatibility of the mass measurement in different production process:
VBF/ggH categories

= Test the compatibility of the mass measurement in photon type categories
(converted, unconverted)

= Test the compatibility of the mass measurement in different pT regimes of the
diphoton system

> Test the compatibility of the mass measurement in different regions of EM
calorimeter

= Test the compatibility of the mass measurement using different models for the
background fit

= Test the stability of the mass with respect to the time

= Test the stability of the mass with respect to the pileup

= Test the stability of the mass with respect to the choice of the primary vertex.

- All these checks give compatible results !
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H — yy and H — 4l Mass Scale Systematic Uncertainties

H->gg
*Further investigation and extensive checks lead to find additional sources of
systematic uncertainties :

- LAr Strips relative calibration (0.2%)

- Photon energy resolution (0.15%)

- Calibration of the high gain (0.15%)

- Mis-classification due to fake conversions (0.13%)
- Backgound modeling (0.1%)

- Lateral shower development simulation (0.1%)

- Effect of PV choice (0.03%)

H->4l1
*Further investigation and extensive checks have not lead to additional substantial
sources of systematic uncertainty :

- Measurement with MS and ID alone

- Local detector biases checked event by event

- Local resolution effects checked using event- by-event error;

- kinematic distributions in agreement with  expectation

- FSR simulation

- Different mass reconstruction using Z-mass constraint (+400 MeV shift)
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126

125

124

123

122

Mass Difference

Quantify the consistency between the two masses in yy and

77 channels

Previous combination: compatibility = 0.8% = 2.70 (deduced =25

from a likelihood testing Amy; =m,, —m,; =0)
With the updated analysis, the mass difference is

Aty = )} — iy = 2.3705 (stat) + 0.6 (sys) GeV

Gives a compatibility of 1.2% (2.50) and up to 8% using
more conservative treatment of the uncertainties.

ATLAS Preliminar .
(527 ToV:[Let =4 6.45 " correlation between m and

Vs=8TeV: [Ldt=207 fb!
X Bestit /™, comes from the common

— 68% CL / e/y energy scale uncertainty
""" 95% CL
weens 99.7% CL e o~

muons mass

122 123 124 125 126 127 128 129
m,, [GeV]
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Signal strength (u)

r  ATLAS Preliminary
Vs =7TeV:[Ldt = 4.6-4.8 b
Vs =8 TeV: [Ldt = 20.7 fb"

kl\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\

—— Combined

—H->722">a

122 123 124

128 129
my [GeV]

-2InA

~350 MeV downward shift of the yy .|
mass, due to the 0.8c adjustment in
the e/y energy scale to provide a
consistency between electrons and *

ATLAS Preliminary
Vs=7TeV:[Ldt = 4.6-4.8 b
Vs =8TeV:[Ldt=207 fo!

130
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— wggF ®WVBF wWWH ®ZH wttH
—ATLAS Preliminary (simulation) H- 7
Inclusive

Unconv.centrallowp, e
Unconv. central high p -
Unconv. rest low Py
Unconv. rest high p >
Conv. central low p
Conv. central high P,
Conv. restlow p_,

Conv. rest high P,
Conw. transition

Loose high-mass two-jet
Tight high-mass two-jet
Low-mass two-jet

ET " significance

One-lepton
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signal composition (%)
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Couplings: Fermion vs gauge vector

(does the new state couple to vectors and fermions ?)

- Thanks to the various production and decays mode accessible at LHC, \ Py = F
the couplings of fermions and gauge vector to the Higgs can be tested. Ky
Wz 7 RV )\ K”Y
i Ky k. bBvv=6v.— Py =—
L 4 F K Ry
T W,z f —
»Allows contribution of BSM particles to »Allows contribution of BSM particles in
total width the loops.
& FEATLAS Preliminary T 10 . . . . | | |
< oE reliminary o] E ~ T T T T T T
< = (5=7TeV,[Ldt=46-481H" —QOpserved E < of ATLAS Preliminary Doy k] =
= 8 (s=8TeV, fLdt= 13-20.7f"  -- SM expected E = = (s=7TeV, [Ldt=4.6-48f"  —Opserved E
o £ SO ' E ~ - {s=8TeV,[Ldt=13-20.7fb"  -- SM expected E
s E t7E =
° 7 : E 6F =
5E : P 50 =
42- ‘l I’I ; 45' E
3E T 3f- E
2F- A o =
1 E' X 'z 1 = E
ob-L | Ll Ll | 1 Cl L ! [ L,
i5 41 05 0 05 1 15 8.2 12 14 16 18

Ay A

»Well compatible with SM

FV
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Prospects...

ATLAS Preliminary (Simulation)
/s = 14 TeV: [Ldt=300 fb" ; [Ldt=3000 " Vs =14 TeV: [Ldt=300 fb™"; [Ldt=3000 fo

fLdt=300 fb! extrapolated from 7+8 TeV
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ATLAS Preliminary (Simulation)

fLdt=300 fb™' extrapolated from 7+8 TeV
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4/04/13

Dashed areas include
current theory
uncertainties from QCD
scale and PDF variations
for luminosities of 300 fb-1
and 3000 fb-1
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| | | | | |
ATLAS Preliminary my, = 124.5 GeV
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