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Introduction

In 2012, after a 40-year long quest, the ATLAS and CMS collaborations reported the
discovery of a resonance compatible with the Higgs boson, as predicted by the
Standard Model, at a mass around 125 GeV.
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Introduction

In 2012, after a 40-year long quest, the ATLAS and CMS collaborations reported the discovery of
a resonance compatible with the Higgs boson, as predicted by the Standard Model, at a mass

around 125 GeV.

What have we been able to measure so far?

Results with the full Run1 dataset (~25 fb-! at Vs = 7 and 8 TeV, for both ATLAS and CMS) on the
properties of the new resonance will be presented here, for the individual decay channels and
their combination.
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Run1 ATLAS+CMS results

* Mass:
« ATLAS: “Measurement of the Higgs boson mass from the H—yy and H—=ZZ*— 4¢ channels with

the ATLAS detector at the LHC” [Phys.Rev. D90, 052004 (2014)]
« CMS: “Precise determination of the mass of the Higgs boson and tests of compatibility of its

couplings with the standard model predictions using proton collisions at 7 and 8 TeV” [CERN-
PH-EP-2014-288, Eur. Phys. J. C 75 (2015) 212]

« “Combined measurement of the Higgs boson mass in pp collisions at /s = 7 and 8 TeV with the
ATLAS and CMS experiments” [CERN-PH-EP-2015-075, Phys. Rev. Lett. 114 (2015) 191803]

e Spin and Parity:
 ATLAS: “Study of the spin and parity of the Higgs boson in diboson decays with the ATLAS
detector” [CERN-PH-EP-2015-114, submitted to EPJ]

« CMS: “Constraints on the spin-parity and anomalous HVV couplings of the Higgs boson in
proton collisions at 7 and 8 TeV” [CERN-PH-EP-2014-265, Phys. Rev. D 92 (2015) 012004]

More properties:

e Couplings > covered in M. Pieri’s talk

* On and Off-Shell Width > covered in R. di Nardo’s talk

« Total and differential cross section > covered in K. Tackmann’s plenary talk
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Mass Results
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Mass measurement approach

 Model-independent measurement
 fit the spectra of the reconstructed invariant masses, without assumptions on signal
production and decay yields

o Narrow peak expected (< 2 GeV resolution), over a smoothly falling background

« Golden channels are yy and ZZ

SATLAS

J1 EXPERIMENT

Two unconverted photons Four electrons, m = 124.6 GeV
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H— yy

High statistics channel, small S/B ratio but excellent mass resolution

To maximise S/B ratio and mass resolution, events are split into categories:
- for ATLAS: photon converted/unconverted = prt threshold = n range

- for CMS: based on event topology (production mode) + Boosted Decision Tree (BDT) classifier

19.7 fo" (8 TeV) + 5.1 b (7 TeV)
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 Combined fit to all categories. Mass and signal strengths treated as parameters of interest
e Background (mostly irreducible SM yy) from fit to data
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H—>ZZ"—=4¢

High S/B ratio in this channel (~2 in the mass window 120 - 130 GeV), despite the low
statistics, with excellent mass resolution

Both experiments measure the mass fitting m(4¢) together with a multivariate discriminant:
° ATI_AS Combined fit : m(4f) + BDT Dkin: kinematical

« CMS: Combined fit to : m(4¢) = Dkin * (Oms) / m(4¢)) discriminant

e Data-driven estimations for the reducible backgrounds (it, Z+jets), MC for ZZ

> | L l B E N I L LI L) I Bl E J ] l L I I B E | I LI I L I ] LI CMS \s - 7 Tev' L - 5‘ 'b1 : ‘s = 8 Tev' L = 197 fb’
m : : > ™~ I I 1 I ] I | 1 l 1 I | ] I I 1 I I 1 I 1 E
Q) 35 [~ ATLAS ¢ Dua - 8 35+ e Data b
0 E H—ZZ" - 4] D e m'f"rﬁzlvl :(-E:I';%.'" énd "m4¥Xx Dkin )Esm/m". . Z+X :
S 30 [ \s=7TeV: Ildx =45m" - Seckgroum 2 - ~ 30 - . i
7)) N l - Background Z+jets, 1f i "@ N ZY , 22 ]
= o5 - \s-BTeV:ij-20.3fb D) sywamasc o E QC) D ]
5 25/ Zant e B I S| Jm= 126 Gev
w N Il i ]
20 + 201 E
15¢ 15} 3
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H—>ZZ"—=4¢

* ATLAS:

 BDT discriminant trained against the irreducible ZZ* background, input variables:
e prand n of 47 system

e Matrix Element discriminant

e CMS:

* Dkin calculated from masses of the dilepton pairs and five decay angles

BDT,,. output

—

O
o

0.5}

ATLAS
HoZZ* >4 ¢ o=

\8 = 7 TeV: Iwu -45m" - Signal (m, = 124.5GeV p = 1.08)
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Individual and combined results

Profile likelihood ratio to be maximised,

7, ine asymptolic regime: L(mst, AT gy (maa) A v ia (mia), 4% (), 8(mir))
Signal strengths assumed to be A(my) = ggF+tt +
A Y TY 47
the same for ATLAS and CMS. L(ritn, Pogp iy - PvBEvEr 25 8)
Compatibility of the 4 measurements is 10%
yy sensitive to different production modes
_ 3 1 ] 1] I 1 1 ] 1] ]' 1] ] ] 1] 1' 1] 1 ] L] I ] 1 ] L] I L 1 ] L] ]' 1 1] T .
3 - == ATLAS H—7y .
& 25—~ e CMS H—ZZ—41  — ATLAS and CMS ——i Total Stat. = Syst.
7] — Lot ey S Com_ 1 LHC Run 1 Total Stat. Syst.
g - % Best fit ] ATLAS H-yy p—————{ 126,02 +0.51 (£ 0.43 + 0.27) GeV
-c%’ Cly :' ) —— fecL ~ CMS H—yy —a— 124.70 + 0.34 ( + 0.31+ 0.15) GeV
- : ATLAS H—ZZ 41 | - 4 124,514 0.52 ( + 0.52 + 0.04) GeV
1.5 o] CMS H—2Z 4] —— 125.59 + 0.45 ( + 0.42 + 0.17) GeV
- :‘ ] ATLAS+CMS 7y I—'&I*}—l 125.07 +0.29 ( + 0.25 + 0.14) GeV
1; - ATLAS+CMS 4l I—ﬁﬁ—l 125.15 + 0.40 ( £ 0.37 + 0.15) GeV
- ] ATLAS+CMS yy+4l = = 125.09 +0.24 ( +0.21+0.11) GeV
[~ 4 1 l 1 4 N 1 N s N l N 1 N N l L 1 2 l N 4 2 2 1 N 1 1 M “1 L A A s l A A A A l A A A s l A A A A l A A A A l A A A A l A A A A l A A
054241245 125 1255 126 1265 127 123 124 125 126 127 128 129
m,, [GeV]
m,, [GeV]

my = 125.09 = 0.21 (stat.) = 0.11 (scale) = 0.02 (other) = 0.01 (theory) GeV
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Individual and combined mass results

Same dominant uncertainties for the individual experiments and their combination:
electromagnetic energy scale and resolution
muon momentum scale and resolution

theory uncertainties are negligi

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

ble

Uncertainty in ATLAS
combined result

Uncertainty in CMS
combined result

Uncertainty in LHC
combined result
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om,, [GeV]

Manuela Venturi

Higgs-boson properties at the LHC: mass, spin and parity




!
l
\ v/
— | —

Spin and parity quantum numbers
measurement in ATLAS

Manuela Venturi

Higgs-boson properties at the LHC: mass, spin and parity

13



Spin/parity measurement approach: ATLAS

The spin/parity SM assignment, J’=0%, can be tested against alternative models:
fixed-hypothesis test: 2%, 0-, 0" with higher-order operators,
CP mixing: mixture of spin-0 states, implying CP violation in the Higgs sector

Higgs characterization Model SM coupling

(effective field theory, cut-off scale A = 1 TeV) Ly = \caks\t | 18172 ZuZ" + gww Wi W]
* All bosonic channels used (only ZZand WW AL (a2, 2" + 5o RREDZ,0r 2]

for spin-1 studies, due to L andau-Yang theorem, !

and for parity, due to poor discrimination in yy)

—A [“r"HWW“mW '+ sakaww Wy, \"“]] Xo.
BSM CP-even BSM CP-odd

D]

coupling coupling
e Spin=2: Higgs-like graviton-inspired resonance, g AT LA T T T
: : : . . : c = . -
with universal [gravity-like] and non-universal couplings 2 =2k =k =1 M
to quarks and gluons (in various Kg, kq fractions) g 10_1” ke "".':‘."."":ﬁ_; :g::’f:(k_;‘
5107, pfi =2 k=1l = ;
oo . = E . nng - :
NLO effects lead to a tail in pr™ for a spin-2 N 17 e K0 £
Higgs-like boson when jets are present . »i Tty vt ;;
« cuton prt to stay within EFT validity 3 ) R
- ATLAS . :
Choice of QCD couplings py cut-off (GeV) - Simulation Vs = 8 TeV e T
hq = Kq Universal couplings 10'3g H—WW.n =1, ey "
. : ()) Lo\l\' li;:{h,tl-quu;»k, f‘r;.u-tiuu igg :.3? 6 - ‘50‘ BT, 150 200 éSO ;00
Kq = &Ky LOW gluon fraction . 20 prT-l [GeV]
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Spin: discriminating variables: ATLAS

Also ZZ used (see slide 17)
e R B B .
% | ATLASSimulation ~
§ 0.12- ?
S - (s=8TeV — 5 i:‘_‘
S 0T prcipsgev Rl
2 [ p-r — F=2* Kq=2Kg
= 0.08:

—r J

1111111111[111111111

0.04}-
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- 0.4~ —JSu2" e, — R e
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0.2 + ]
- S -
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0 .
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0.3 — Background —
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025:_\@ 8 TeV,203fb" . . J 2’ k _k _:

- H - wwr, n=0.ep J-2‘k—05k-1 .
0.2F P2 ko=1k,=0 -
0.15}- E

0 0.5 1 1.5 2 2.5

3

A¢ [rad]
gGOO»"'Ylv.vII-rV ]’11\'1]7,'.]'7—‘
< [ ATLAS + Data — Expisyst
8 500 ys=8TeVv,203f"' [l S=-0 [l ww -
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200
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Parity: discriminating variables: ATLAS

' wn i prrrprrrpres rrprrrprrrpyerprrep e

In the ZZ* = 4¢ case, the entire decay Q18E . Data ATLAS Preliminary -

— 1 el Background ZZ* . -

topology can be reconstructed: 316~ Bl Background Zsjets, tt 44741 4

decay angles + invariant masses 2141 Signal (m, = 1255GeV) s=7TeV, 451" -

w_f—4J=0 s=8TeV,20.3 1"

= 8 degrees of freedom 120 p.o ]
4 N 10t

cos(61), cos(03), ®,m12, m34 o |

. CP Sensitive ) o4 ¢ | | |

4 " \ 4k N I B SR S g QgL =
myg, cos(60%), &1 :

_ Background refecting e
0

. | -1-0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8 1
WW — evuvis harder due to the presence of the two neutrinos, cos(6,)

but the angular difference between e and p is sensitive to spin/parity.

£0.25- | LI B B ©0.25F TS
g - ATLAS — Background - = - ATLAS — Background
& o Vs=8TeV,203 1" — =0 4 > 0of V5=8TeV,20.31b" — F=0 3
m =L - ~ @ : L— - ~
£ [ Howw,n=0ex J'=0"BSM E [ HoWW,n=0en = F=0
€ | £ | '
. <0.15- v
0.1
r
0.05"
r
- Or* '
0 0.5 1 19 0

2.5 3
A9 [rad]
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Final discriminants: ATLAS

Most sensitive bins of the BDT discriminant after subtracting post-fit background from the data:

Boosted Decision trees
used as discriminants in WW-

Br-o

Vs =8 TeV, 20.3 b 1
~ Data-Bkg |~

80~ H— WW*, l'll =0, eu

ATLAS
- Ys=8TeV, 20.31b"
80— H— WW*, n= 0, en

Br-o

— Data-Bkg —

- aof- V50 1 wEowe
| A 40+ 40
= | |
a) 20= 20,
o0 . E
of 0"
Background F ] -
_20 ] M : | _20 ) ) |
2 4 6 8 10 12 0 2 4 6 8 10 12
BDT output BDT output
s '.'D'|"'|"' L B g T T T T e
S o5 * Data ATLAS - S o5l ¢ Data ' ATLAS
BDTO o | Il Background ZZ.  Hezzeal ] S [ I Background 2Z Hs 77" 54
) 2 | I Background Z+jets, tt i 2 | .Background Z+jets, it
200 —pootsm is=7TeV, 45" T200 peorsm  V5=7TeV,45M"
: R A P=2 ls=8TeV,20.3fb" C P oo S = 31fb!
ZZ fits a Matrix Element o } o Sz s =01ev20010
discriminant (MELA), i ] _~_
in a tight mass window. 103_ E C
Optimal observables used as - L :
input variables. S N N ]
In addition, a BDT analysis, with = gl el -
similar sensitivity, is performed 0 02 04 0O 08 %) 05 0 0.5 1
Y; ISP : J*-MELA Discriminant ‘ BDT,, Discriminant
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Spin and parity quantum numbers
measurement in CMS
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Spin/parity measurement approach: CMS

CMS chooses the anomalous-couplings approach, expanding the amplitude as:

A(HVV)~ |a¥¥ +

ki”avi + k3" av,
(AT")?

SM coupling

X % *(1) = *(1) Fx
My 1€p1€p + agvfmf ) fram agvfmf ) f@2)mv

BSM CP-even BSM CP-odd

coupling coupling
8 TeV
w -
X og CMS
< "L Simulation — SMH- 1y
=== 902, 7Y

The spin analysis investigates the “minimal” spin-2
model and scans over the fraction of qqg production,
from O to 100% (also the case for ATLAS previously).

Variable of interest is again the polar angle in the
Collins-Soper frame:

v o ;
rrryv. L

. ISiIlh( A']yy)l 2 p;l,l)¥2 150 T T T 1 1 T T T T ]
|cos 67| = ; “ N o ;
LI T e e S O :
J1+(pT [ Myy) R e a— S "
X 05 e .
< ¢ NI B
1 | | | | | | | ! ]
0 01 02 03 04 05 06 07 08 09 1
|cos(6%)
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ZZ: spin/parity discriminating variables: CMS

CMS uses the same approach for spin and parity measurement.

In the ZZ channel, 8 sensitive variables are available:
- 5decay angles (12 = 6°,¢4,04,0,,0)

- 2 invariant masses (for the 2 lepton pairs) (mq, m,)
- the total invariant mass of the system (my; )

A matrix-element discriminant (MELA)
IS used to build templates for the background and
the various signal hypotheses:

Events / 0.05

CMS 19.7 16" (8 TeV) + 5.1 5" (7 TeV) CMS 19.7 o' (8 TeV) + 5.1 " (7 TeV) CMS 19.7 i (8 TeV) + 5.1 " (7 TeV)
TR BN AL B R B T+ SN T EL LN B AL L B B 8 WAL N B
i ¢ Observed i g ¢ Observed Dy > 0.5 o ¢ Observed Dy > 0.5
20 — am - < 8 —sm © 8 —s3sm 7
- — ) o ~
B . N B— f o=t P f =05
S 222 1 2 [ Oz g o 2% _
{2 T o P i
10P i al- 1 - -
-— [ I B :L":_. _-
_‘ ‘ - g==n" \ ‘_
= 1 "{" 3 D_LD 1t B
94 0.2 0.2 0.4
Dcp
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In the WW channel, sensitive variables are the dilepton mass

WW: spin/parity discriminating variables: CMS

and the transverse mass, while the azimuthal angular

difference is disregarded since correlated.

Like in ATLAS, only the eu final state used.

Both O0- and 1-jet final states are taken into account.

Events / 8.0 GeV

m% == 2 p'fvg E’}THSS (1 — COS A¢€€'E’};nl$$)

CMS 194" (8TeV) + 491" (7 TeV)

LI SR A A |

200},

¢+ Observed

SM ~

e _0.4
Clw
B Top

B W/Z+jets

150 200
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Events / 8.0 GeV

n
(=]
o

400

300}

100

CMS

1941 (8 TeV) + 4.9 1" (7 TeV)

e 1-jet

L |

|

100

| T T T

¢ Observed -
—— SM |
e f"o04
CJw
B Top
B W/Z+jets

150 200
m, (GeV)

CMS 19417 (8 TeV) + 4.9 1b" (7 TeV)
> YYYYYYYYYYYY T Y Y Y T I T ™
@ 800 .

O] eu O-jet ¢ Observed |
™ 44 — SM
N~ L e (Y204
=~ 800} -
) CJw
€ B Top
o B W/Z+jets
W 400
200
100 150 200 250
m; (GeV)
CMS 19.4 1b" (8 TeV) + 4.9 16" (7 TeV)
> ‘LA S (R S S B (R S R B S S B A SN R
[0} .
O] ey 1-jet ¢ Observed -
™ | — SM
~ 300 0.4
@ e w
5 E Top
S Bl W/Z+jets
1T 200

100 150 200 250

my (GeV)
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Spin and parity quantum numbers
results in ATLAS and CMS

In all cases, the signal rate is fitted independently from the spin/parity hypothesis,
in order not to bias properties measurement with constraints on the couplings.
In the following slides, “SM 0% allows the signal rate to be non-standard.

Manuela Venturi Higgs-boson properties at the LHC: mass, spin and parity
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Arbitrary normalization

Manuela Venturi

Fixed-hypothesis results: ATLAS

Combined results for SM 0+ vs a fixed spin-0-, BSM spin-0* or spin-2 hypothesis:
all non-SM models excluded at > 99% CL

H—-Z2Z" - 4l il
s=7TeV, 450" 3
s«8TeV, 20310

H - WW* 5 evuv 3
s«8TeV, 20310 :

TTrrT TIiry
|

o .
:
: Al Ll lJll‘lllL

]IIAT]T_4

AIIY"ITII‘T III’Y]II’.IIIT1IIT1IT 1]17]!1:1]!9 ?T]TIIITII 1IYITIIYIITIITTT]!YIYIITYI LI 1[1: :TITITTTYTIY 11r1*[1r,1]'r111
ATLAS Preliminary H-2ZZ" - 4l - ATLAS Preliminary H-oZZ" - 4] 1 10 r ATLAS Preliminary
§=7ToV, 458" i 10f S 7 ToV. 458! 2 :
— Data s«8TeV,203m' : " —— Data s=8TeV, 2031’ 3 —— Data
—0 HoWW 5 ey § 4L —0 HoWW > ey - 1E—0
...... 2 s «8TeV. 20315 3 .:. 0; s =8TeV. 203 15" 5 E eeeeee
H- vy 3 - : o
s=7TeV, 450" ] 3 10 3 -
s=8TeV,20.3 ' 3 5 - F {
| 107 .
: - i
. 10'35_ ::"' |
4 10
1 F U [
2 : . . Y b
40 -30 20 -10 0 10 20 30 40 L "40 30 20 10 0 10
log(L(H/L(H)) log(L(H )/L(H))
Tested Hypothesis Pé‘;r.[};,l;ml sz;z;z,} P pot i Obs. CLg ((/E)
0, 251077 4.7-107° 085 7.1-1077 4.7-1077
0~ 1.8-1073 1.3-107" 088 <3.1-107° <26-1072
2+ 4.3-1073 29.-100"  0.61 4.3-107° 1.1-1072
27 (k, = 0; pr < 300) <3.1-107° <3.1-107° 052 <3.1-107° <6.5-107°
2% (kg = 0; pr < 125) 3.4-1073 39.-107* 071  4.3-107° 1.5-1072
2% (kg = 2Kg; pr <300) <3.1-107° <3.1-107° 028 <3.1-107° <4.3-107°
2% (kg = 2K4: pr < 125) 7.8-107° 1.2-107% 080 7.3-107° 3.7-1072
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Fixed-hypothesis results: CMS

Combined results for SM 0+ vs a fixed spin-1 or spin-2 hypothesis:
all non-SM models excluded at > 99.9% CL

CMS X —ZZ + WW 19.7 fo'' (8 TeV) + 5.1 fo'' (7 TeV)
- *-Observed ---Expected @ : @ = : oooioioin 0 b
S LGS TS N R T U A N S R A N T
:_ -0+i20‘ -in26 : : : : : : : : : : : : : : _

0'£3 230

v's| gg production gqg production
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2Inki

2Ini

CP-mixing results: ATLAS

3OTII IITTI ‘Y]T TTTI]I YITY IT
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Scanning on possible
components of CP-odd or
CP-even higher-orders mix

with SM (only one at a time).

Same BSM couplings
assumed for ZZ and WW.

No significant deviation
from pure SM
composition found.
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CP-mixing results: CMS

CMS 19.710" (8 TeV) + 5.1 o' (7 TeV)
13 T | T ] T 1 1 4 l 1 1 4 T L | ] T L |
22 :: —H-22Z i
20f- —HWW, R_=0.5 -
185 — HZZ4WW, R_=0.5 =
16f —H-ZZsWW, R_«0.5, af"=ai? -
14 =
12f CPeven |
10+ -
8 |— -
6} =
qllosmeL N~ _ [ Y
2feme. /N[ _ —
0 L 1 1 L 1 L L 1 L 1 L 1 1 L 1
-1 0.5 0 0.5 1
fao COS(0,,)
CMS 19.41b" (8 TeV) + 4.9 " (7 TeV)
é 16!_ : | T T 4 ) § T T I 4 L ‘ T L §
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< 14
o _ .. Expected 1
121" .
:
________ I _=
_______ ws
b e ekl el ?
05 1
wWw WW
fio cos(d.,")
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CMS 1971 (8 TeV) + 5.1 fo” (7 TeV)
25 | A | 1 | T T l T L4 | ] 1 1 T T I T T
— M2l
- —HaWW, R_=05
20 — HZZ4WW, R_=0.5 -

—H-ZZyWW, R _«0.5, a)™«al? -

CP odd

A ' A " A

05 0

foo COS(0,)
CMS 19.4 16" (8 TeV) + 4.9 " (7 TeV)
[=
- L - Observed "
< 35} ]
o " - Expected
3
25}
2t
1.5}

05 1

No significant deviation
from pure SM
composition found.
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Conclusions

The final results for the measurement of the Higgs boson properties,
with the full Run1 dataset, collected and analysed by the ATLAS and
CMS collaborations, have been presented.

No significant deviation from the Standard Model expectations
has been found.

In particular, alternative spin and parity scenarios can be excluded
with confidence levels > 99% in the fixed-hypothesis case.

No significant deviations from the SM expectation are found in
the CP-mixing case.

my = 125.09 = 0.21 (stat.) = 0.11 (scale) = 0.02 (other) = 0.01 (theory) GeV

Looking forward to Run2 results at 13 TeV, coming up later this year!

Large improvements expected for sensitivity to CP-mixing observation.
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BIS status
Link
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Back up
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Individual and combined mass results

Channel Mass measurement [GeV]

H — v~ 125.98 £ 0.42 (stat) £ 0.28 (syst) = 125.98 £ 0.50
H — ZZIl | 124.51 £ 0.52 (stat) £ 0.06 (syst) = 124.51 & 0.52
Combined 125.36 £ 0.37 (stat) & 0.18 (syst) = 125.36 £+ 0.41

Ampy = 1.47 £ 0.67 (stat) + 0.28 (syst) GeV
=1.47+£0.72GeV compatible with 0 in 1.970

Profile likelihood ratio, treating u(47) and u(yy)

as independent nuisance parameters:

<7’_YI1TTT[Y|'|'YIV|'YY]'|'Y-.I- . 4‘(11]’111111111]Il'll_‘
(% - ATLAS —— Combined yy+4/ ]
' = \s=7TeV [Ldt=451b"' — H-o ¥y .
- 1s=8TeV [Ldt=203 1" —_—H 27— 4l 3
------ without systematics ;

o,
TTT TTTT ]

T117

n
TTTTTT

lllllllllllll
123 123.5 124 124,

5 125 1255 126 1265 127 1275
m,, [GeV]

Signal yield (o/c, 4(m =125.36 GeV))

A(mpy) =

Signal strength = Width (GeV)
(interms of SM o) at 95% C.L.
<5.0

1.29+0.30 (expected 4.2)

< 2.6

1.60 (+0.45, -0.38) (expected 3.5)

L(my , ft(my) , flae(my) , 8(mpy))

L(mH s ﬂy‘ys ﬁ4f$ 9)

Mass measurement uncorrelated to the signal yield:

4T -
- ATLAS
\s=7TeV

35

\s=8TeV

]7 YT['YYYI’YIYYIYYY‘TTYT‘IYTY IT‘YVL
—— Combined yy+2Z*
Ldt = 4.5 —H-77 R
}Ldl 203 fb" —H=ZZ 4
¥ Best fit
— 58% CL

l‘ll ISR NN

1arlay

111111111 11

123 123.5 124 1245 125 1255 126 1265 127 127.5

m,, [GeV]
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Conclusions

The final results for the measurement of the Higgs boson properties, with the full Run1 dataset, collected
and analysed by the ATLAS and CMS collaborations, have been presented.

No significant deviation from the Standard Model expectations has been found. Looking forward to
Run2 results at 13 TeV, coming up later this year!

Combination of channels Results
Mass vy, 424 125.36 £ 0.41 GeV
+ . .
Spin oy WW 2 umve?'sal coupllng.s excluded > 99.98% CL
27 non-universal couplings excluded > 99.9% CL
- - ,
Parity WW. 27 0+ excluded > 99.95% CL
0, excluded > 99.97% CL
_ . <
CP mixing WW.ZZ 2.2 < kayv/ksu tana < 0.8 at 95% CL
—0.7 < kv /ksu < 0.6 at 95% CL
Cross section (8 TeV) Y, L4 0,,—H = 33.0L£ 5.5 pb (exp 24 pb)
Off-shell Width WW,ZZ I'y < 75T su
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CP violation in the Higgs sector

1 _
.l:(‘)/ _ {Ca/KSM[EgHZZZ,uZ'u + Guww W:{W I B > SM

" JY ANV

o Z | CaKuyyYmyy A,uVA T SaKayyGayy A,UVA ]
1 J1Y ALY

- 5 _CaKHZngZy Z,uvA + SaKAZygAZy Z,uvA ]
. a ~a,uy a ~a,uy

— Z _CCKKHgggHgg G/JVG ’ + Sa’KAgggAgg G’qu ’ ]
11 =

— Z X [CaKHZZ Z/,th'uV + SaKazz ZuvZﬂv] ...
1 1. — ° "

A= S lcakuww WL, Wt sokuww W, WHT e
....... 2A PR "~ "o.-ﬂv... ...‘
G e T >
o KAWW X tgQx:
kHWW: Higher order CP-even CP violation
in the Higgs sector
=1
S Pa(mae; m1, ma, Q)
gg—H*—-=VV .. J:z:P o + P . Q
‘ o _ Toftshen 8 5 &y L 2 & 1(1mag; m1, ma, (2)
Moft-shell($) = Gg—H >VV = Kg,oﬂ'—shell(s) : Kv,oﬂ‘_she“(s)

O-oﬁ'-shell, SM ($)
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Individual and combined results

Channel Mass measurement [GeV]| | _
Signal strength = Width (GeV)
H — v~ 125.98 £ 0.42 (stat) £ 0.28 (syst) = 125.98 £ 0.50 (interms of SM o) | at 95% C.L.
H — ZZ1 | 124.51 £ 0.52 (stat) £ 0.06 (syst) = 124.51 £ 0.52 -
< 5.
Combined | 125.36 & 0.37 (stat) £ 0.18 (syst) = 125.36 £ 0.41 1292030 o hected 4.2)
Ampy = 1.47 £ 0.67 (stat) + 0.28 (syst) GeV 1,66 (+0.45. -0.38) < 2.6
—147+072GeV  compatible with 0 in 1.97c (expected 3.5)

Profile likelihood ratio, treating u(47) and u(yy) A(mpy) =

as independent nuisance parameters:

<7._YIYTTT|'Y|'\'T]'|'|'YY]'|'Y.-I. .I.Y‘IY]"IYYV]TTYY]I"']_‘
(% - ATLAS —— Combined yy+4/ .
v 6F 1s=7TeV |Ldt =451 — H-o ¥y

E \s=8TeV |Ldt =203 1" — H 77" — 4l

s~ e without systematics

11 JL IEEEEEEEEEN l 11111

T TT TTITrrrryrrrrT

il
)

1231536 124 1245 125 1255 126 126.5 127 127.5
my [GeV]

Signal yield (o/c, 4(m =125.36 GeV))

L(my , ft(my) , flae(my) , 8(mpy))
L(mH ’ ﬂyys ﬁ4fs é)

Mass measurement uncorrelated to the signal yield:

4‘_[ ]7 TT['YYYI’T‘YY]’YFY‘TTTTYITTY IY‘T
. ATLAS — Combined yy+ZZ*
s =7 TeV [Ldt = 4.5fb" — -7
35r 1S = 8TeV{Ldl 203 b’ TR

111111111 lj‘l‘ l Ll‘ll L1l Ll Ll Ll t-'

123 123.5 124 1245 125 1255 126 1265 127 127.5
m, [GeV]

Manuela Venturi Higgs-boson properties at the LHC: mass, spin and parity 33



Minimum bias
Y4

WH

t (s-channel)

H (ggF)

H (VBF)

t (t-channel)

tt

ttH

stop pair (0.7 TeV)
stop pair (0.9 TeV)
gluino pair (1.5 TeV)
gluino pair (2.5 TeV)
Z SSM (3 TeV)

Q" (4 Tev)

QBH (6 TeV)

And:

pp — H¥*500) + X: 14 TeV/8 TeV ~ 7

1 (for 13 TeV /8 TeV: 8.4)
W 16 (for 13 TeV/8TeV:12)
72 (for 13 TeV /8 TeV: 46)

Cross section ratios: 14 (13) TeV /8 TeV

———————————————————————————————————————— 5700 (13/78:2700)

e e o eon] s oo e core e

100

-~
ey

E—— 12000

TpEp———™ — “l"!‘ll‘lllf/

10000 100000
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ttH: Motivation and Run-1 results

Want to directly measure top-Higgs Yukawa coupling
(one of the key points of Higgs physics program)

H - bb:
* Most stringent xsec limit
» Dominant decay mode
* Poor mass resolution

ATLAS Preliminary I5=8 TeV.JL @=203fb"

R

b —t
o (tot) {stat)
D‘eur:ﬂi.- e 29 123 {14 ]

Lm.ps;o—l—t-—o—-—q 13+16 (08) -

————

Co‘nbmll:ﬂ%'- 17414 (07) 7

0 2 4 8 8 10
bast fit ;1aﬁ.'a€’J for m =125 GeV

ATLAS-CONF-2014-13
18.04.14

H-vyy:

* Low branching ratio

(2.28 x 107?)

95% CL limit on o™/

* Excellent mass resolution

'— Observed CL, limit H — yy

N  E3
+20

ATLAS preliminary

Data 2012 15 =8 TeV
jl.dt =203’

-
-
-
-

L

| |

—— Expected CL, limit fiH channels comb.

I i St et i s et e et el - -

ol
4
=

—

o ——
120 122 124 126 128 130
m,, [GeV]

ATLAS-CONF-2013-80
ATLAS Higgs Workshop

N
&

9
Q@

four-lepton |~

“ = '4.2:‘::
trilepton
dielectron
f= 2.8:::5
dimuon

glectron-muon |

_ 4 s
;1_1.9‘23

H — multileptons:
* Clean final state
» Can reach competitive

sensitivity vl/ith bb

\s=8TeV. L=196M"

p—

CMS Preliminary m, =125.7 GeV

combined = 3.7°*
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HWW analysis strategy

| A
| ﬁ spin-two,
(a]
;0
spin-zero
Background
>
BDTO
A
a
| O
| =
|
m
Background

BDTO

Boosted Decision trees used as discriminants:

 BDTO: train SM signal vs background
« BDT2: train ALT signal vs background
» Both BDTO and BDT2 use as input: m(€0), At pht mbrack

« Combine (BDTO, BDT2) and fit the 1d projection

« BDTO: train SM signal vs background (as for spin)
 BDTcp: train SM signal vs ALT signal:
« BSM CP-odd: mye, Adee, E¢eyy and Apt

« BSM CP-even: Mee, A¢({, ,)(l( and El]lll\\
E¢eyy = ,DQ —05p{r2 'i'O.SEIlI-]iSS ApT :lp{rl — p{l?

Training performed for the pure CP hypothesis only,
no retraining for the various CP fractions
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