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Higgs boson: standard model

Standard model (SM) of electro-weak interaction

[Glashow, Weinberg, Salam], Higgs mechanism:

- Scalar field breaking spontaneously the electro-weak
symmetry

- Longitudinal degrees of freedom absorbed in W= and Z°
gauge bosons

- Higgs boson gives masses to leptons and quarks through
Yukawa couplings
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Higgs boson channels at the LHC

- At the LHC, the main Higgs production

mechanism in the SM is gluon fusion
followed by VBF and associated
production with W,Z or tt

- Essential to probe both boson and
fermion decay
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Analysis methods



H—vyy analysis
CMS - EPJC 74 (2014) 3076, ATLAS - PRD 90 (2014) 112015
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H—vyy: inclusive categories
CMS - EPJC 74 (2014) 3076, ATLAS - PRD 90 (2014) 112015

Sensitivity from mass fit

ATLAS: mainly cut-
based categories:
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H-oZZ*)—4]|
ATLAS PRD 90 (2014) 052004, CMS - PRD 89 (2014) 092007

Signature:

- 2 pair of opposite sign isolated leptons (4e, 2e2u, 411) consistent with the same vertex

- Need momentum as low as pT>7 GeV (electrons) and pT>5-6 GeV (muons) to not
loose too much efficiency missing the 4th lepton

- Main backgrounds: ZZ continuum, Z+jets, ttbar
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H—-ZZ™*)—4l| analysis
ATLAS PRD 90 (2014) 052004, CMS - PRD 89 (2014) 092007

- Mass measurement: 2D analysis in (m4l, BDT) in ATLAS,
3D analysis (m4l, KD, Resolution) in CMS

41 decay kinematics: - For spin and width measurement resolution is not as crucial
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H—-W+W- analysis

CMS - JHEP 01 (2014) 096, ATLAS - PRD 92 (2015) 012006

H—->WW-2|2v analysis:

- High BR, but no mass peak (resolution is ~20%): not used for the mass measurement

- Categories: 0-jet, 1-jet, 2-jet bins (w/o0 VBF cuts), then ee,ud,ep with opposite charge

- Main backgrounds: WW, top (1,2jet bins), W+jets (estimated from control regions in data)

ATLAS: mr used for the ggH
categories, BDT used for VBF. Use
BDT for spin/CP, cut-and-count for

CMS: 2D analysis in (mt, my) for the
opposite flavor 0-jet and 1-jet bins,
used for spin/CP
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Higgs boson properties



Mass measurement in Run |
ATLAS+CMS - PRL 114 (2015) 191803
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Mass measurement: systematics
ATLAS+CMS - PRL 114 (2015) 191803

Main systematic uncertainties:

ATLAS and CMS
LHC Run 1

ATLAS ECAL nonlinearity /
CMS photon nonlinearity

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

Photon energy resolution

ATLAS H — yy vertex and conversion
reconstruction

Z — ee calibration

CMS electron energy scale and resolution

Muon momentum scale and resolution
ATLAS H — yy background modeling

Integrated luminosity

Additional experimental
systematic uncertainties

Theory uncertainties

ECAL non-linearity
Material in front of the ECAL

ECAL longitudinal response and lateral shower shape
Zee energy calibration
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- Entering in precise
measurement era

- ATLAS+CMS Combined

best fit p=1.09+0.11:
Cross section
measured is in very
good agreement with
the SM

- Less known
production mechanism
ttH, and decay H—bb

W

w

vy

Y4

WWwW

TT

bb

Signal strengths

ATLAS-CONF-2015-044, CMS-PAS-HIG-002 (to appear soon)

Higgs boson signal strength p=0o/osm

/

by final state tag
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Higgs boson width (CMS)

CMS - Phys. Lett. B 736 (2014) 64

- In the SM, Higgs total width is ~4 MeV, but direct measurement from peak width is limited
by detector resolution (~1 GeV)

- Solution: interferometry, use off/on-shell mass ratio (see for instance arxiv:1311.3589)

- Caveat: although quite generic assumptions, still model-dependent
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Higgs boson width (ATLAS)

ATLAS - EPJC 71 (2015) 335

- ATLAS uses H—=ZZ—41 (BDT),
H—ZZ-212v (mT) and H=>WW->evuv

(cut and count)

- Interference gg—H—22/gg—22Z

Ogg— (H*—)VV (Koff-shell, MV V)

H* SM
= K" (myv) - Woff-shell - Ogg—, = vy My V)

+ /K (myy) - KP

B
+K"(myy) - Ogg—VV, cont(Mmyv).
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Higgs boson life-time (CMS)

CMS - NEW arxiv:1507.06656 (submitted to PRD)

- Measure Higgs boson time of flight using - SM predictions are beyond
4| consistent with a displaced vertex: experimental direct detection:
Ty ~ 48fm/c (16 x 1078 fs)
At = % (AFp-pr) (AR =1 = % - Result: cti < 57 (56) um (1 < 190 fs

Tt > 3.5 x 1079 MeV
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Spin/Parity measurement
CMS - PRD 92 (2015) 012004, ATLAS - arxiv:1506.05669

(submitted to EPJC)

- Need to test some reasonable benchmark models for alternative JCP hypotheses

- Use mainly angular distributions:
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.- Minimal graviton couplings 2+ is disfavoured by data



Spin/Parity measurement
CMS - PRD 92 (2015) 012004, ATLAS - arxiv:1506.05669

(submitted to EPJC)

- In general data favours 0+ hypothesis
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- Testing as well higher
dimension tensor structure
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Higgs anomalous couplings
CMS - PRD 92 (2015) 012004, ATLAS - arxiv:1506.05669
(submitted to EPJC)

- Extension from spin hypothesis testing to anomalous parameter measurement
- Testing Higgs to diboson coupling in H-WW,ZZ . Zy,yy—4l
- Parametrization on anomalous vertices (CMS) or Effective Field Theory (ATLAS)

(spin 0) \

\A KYVQ%]I—’_KXVq%/Z 2k _x VV #(1) £%(2),uv VV *(1) 7(2),uv 1% 1 u + 17—
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1
11 MY 4 G 7 TW
5 4 . . N [COS(Q’)KHZZZ/WZ + sin(@)kazzZyy ]
far = a1/ (A1) spin O higher . T Y
11201 + 42205 + |a3|205 + Fa1/ (A1) + ... . . -5x [COS(CL’)KHWV[/WMVW s sin(@)kaww W, W K ]}XO
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Differential cross sections

ATLAS - PRL 115 (2015) 091801, CMS arxiv:1508.07819
(submitted to EPJC), HIG-14-028
Analysis methods Tev
- Extract signal strength with a simultaneous mass CMS H-vyy
fit on all bins of a given distribution PPN SE 208804 3304

H-yy, m=125 GeV
¢ Barrel
¢ Endcap

o ¢
(2]
L L

- Design model-independent analysis as much as
possible:
- Do not use MVA nor pr-dependent categories =————
for extracting signal strength, to not bias the

Photon identification efficiency
:

o
N
L

_IIII|III\‘\\\\‘lllllllllll\\‘\
%O 40 50 60 70 80

\\\Il
90 100

kinematics _ 5 _ Photon p, [GeV]
- Design fiducial phase-space close to Photon identification via pT- and n-
reconstructed phase-space (isolation included in ~ Independent BDT cut improves

the fiducial phase-space definition) model independence

- Unfold detector effects to fiducial phase-space: N Teco 80
- bin-by-bin correction (ATLAS), m——c; = 60
- folding of the response matrix in the fit (CMS) N o

20

‘F(ﬁ):_2210g£<ZKij]’liNigen‘N;eco) % o5 1 15 2 25 3
j i

Reco bins



Fiducial cross sections

ATLAS - PRL 115 (2015) 091801,
(submitted to EPJC),

H—vyy Fiducial phase space

CMS: pti/myy>1/3, pto/myy>1/4 within Inl<2.5
ATLAS pr1/myy>0.35, pr2/myy>0.25 within Inl<2.37
Isolation: > ET <10 GeV (CMS), 14 GeV (ATLAS)

for stable generator level particles in AR<0.4.

CMS H-vyy

Tobs = 32ﬂ8 (stat)fg (syst) fb,
4

UHRES+XH = 31J_F3 tb,

UPOWHEGHXH — 32f§ tb,

— 2016
UMADGRAPH5 _AMC@NLO+XH — 30 fb

ATLAS

Diphoton baseline - - =
| Hoyy, /s =8TeV ATLAS H Yv
L 20.3fb™
Njets 21 dt=20.3 1o - ——
| —e— data syst. unc. *
Njets 22 /] *—.—
N >3 [ /] —e—
Bl XH = VBF + VH + ttH |
W LHC-XS + XH
VBF-enhanced o Bl HRes 2.2 + XH
B % STWZ + XH
Nleplons 21 I I o JetVHeto + XH
L * BLPTW + XH
i I MiNLO HJ+PY8 + X H
miss )
EY* >80 GeV M MiNLO HJJ+PY8 + XH
1 1 1 L1 11 II 1 1 1 1 111 II 1 1 1 L1 11 II ]
107 2x10™ 1 2 345 10 2030 102

Cqy (0]

CMS arxiv:1508.07819

H

HIG-14-028

— 4l Fiducial phase space

- CMS pr>20,10,7(5) GeV within Ini<2.5 (2.4) for e

(1)

- ATLAS pr>25,15,10,7(6) GeV within Inl<2.7 (2.47)

for e (M)

- Isolation: > Et < 0.4*pt GeV (CMS), no (ATLAS)
- Z1 and Z2 mass windows requirement

old — 2111023 (stat.) + 0.08(syst.) fb.

ATLAS H—4l

SM predictions  1.30+0.13 fb

L=51fb"at\s=7TeV,19.7fb" at \s =8 TeV

E lllllll l LI B I | I LI | | L I I T T 1T | L I I T 11T I T T l:
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C model dependence ]
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Higgs boson pr

ATLAS - PRL 115 (2015) 091801, CMS arxiv:1508.07819
(submitted to EPJC), HIG-14-028

- ATLAS combines H—vyy and H—ZZ after extrapolating to common phase-space,
while CMS shows separately (will be done in Run Il)

- XH = VBF + WH + ZH + ttH +bbH(ATLAS only)

- Higgs pT is sensitive to new contribution in the ggH loop

- No evidence of significant deviation from SM predictions
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G [pb]

Ratio to NNLOPS

Jet multiplicity in Higgs events

ATLAS - PRL 115 (2015) 091801, NEW CMS arxiv:1508.07819
(submitted to EPJC), NEW HIG-14-028

- 0-jet and 1-jet are dominated by gluon fusion
- Associated production (XH=VBF,VH,ttH) populates higher jet multiplicity bins:
about 40% for 2 or more jets

19.7fb™ (8TeV)

35 | |

CMS ¢ Data

Ggy(H-ry) from LHC Higgs XS WG
AMC@NLO + XH
Y% POWHEG HJ + XH
WY POWHEG + XH
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- - - POWHEG + XH, FW =-5E"° GeV*
) XH = VBF+VH+tiH

jets)

I I
- ATLAS pp—H B NNLOPS+PY8 + XH 1< 30
X 10
. ; ==== XH = VBF + VH + ttH + bbH
- anti-k, R = 0.4, p’:t > 30 GeV .
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H—-ZZ

model dependence
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do /dp

Ratio to NNLOPS

Leading jet pr in Higgs events

ATLAS - PRL 115 (2015) 091801, NEW CMS arxiv:1508.07819
(submitted to EPJC), NEW HIG-14-028

- 0-jet and 1-jet are dominated by gluon fusion: probes new contribution in the loop
- Also sensitive to enhancement of the coupling to bosons (if one jet is missed)
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Dijet mass in H—yy events

ATLAS - JHEP 09 (2014) 112, CMS - arxiv:1508.07819
(submitted to EPJC)

- Statistics is still poor in 4] events to measure 2-jets observables, look only at H—vyy
- Mjj distribution is used to discriminate gluon fusion from VBF
- Mjj is sensitive to the Higgs coupling to vector boson, tails can be enhanced
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Ad(j1,j2) in H—yy events
CMS - arxiv:1508.07819
(submitted to EPJC)

ATLAS - JHEP 09 (2014) 112,

- AP (j1,j2) distribution is used to discriminate gluon fusion from VBF

- Anomalous Higgs coupling to vector boson would enhance low values of A¢(j1,j2)
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Higgs anomalous couplings
ATLAS - arxiv:1508.02507 (submitted to PLB)

- Interpret ATLAS H—vyy differential cross

sections in term of Higgs anomalous
couplings

- Use 5 differential measurement, take into

account correlations in the likelihood
- Interpretation with the Effective
Lagrangian framework

- Probe Higgs anomalous coupling to gluons,
photons and vector bosons, CP conserving

or violating

L= E‘y()y + Eg()g + EHWOHW + EHBOHB

+ 5‘707 + EgOg + EHWOHW + E'HBOHB’
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Conclusions

Mass
- ATLAS+CMS H—-yy and H—ZZ, my = 125.09 + 0.24 GeV (precision ~0.2%)

Width
- Constrained via H—ZZ and H—=>WW off-peak distribution: < 22 MeV at 95% CL (SM
~4 MeV)

Spin/parity
-H—2ZZ, H-WW and H—vyy: Data is favouring 0+ hypothesis.

Differential cross sections
- Differential distributions in H—+ZZ and H—yy are in agreement with SM
predictions, and do not allow yet to favour some of the SM Monte-Carlo simulations

Anomalous couplings / Effective Lagrangian
- Moving toward quantifying differences in kinematics due to anomalous couplings:
no significant deviation from the SM is observed

LHC Run Il will allow to probe further Higgs boson properties, and maybe find some og
hints for new physics beyond standard model!



Thank you!
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. - Proton-proton collider at CERN, Geneva

" - 27 km circumference, fully supra-conducting

magnets at 100m depth

-7 TeV center of mass energy in 2010 and 2011, 8

. TeVin 2012

- Instantaneous luminosity: reached peak 7.7x1033
cm-2s-1

CMS
\Nov ) Are

ALICE i LHeh
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CMS detector

SILICON TRACKER g =
HCAL  |n| <5 Pixels (100 x 150 um?) Measurement made within

ECAL |"I| <3.0 ~1m? 66M channels
Tracker |n| < 2.5 Microstips (50-100um) Tracker acceptance |n| < 2.5

Pi)(els Muons |n| <24 ~210m* 9.6M channels
CRYSTAL ELECTROMAGNETIC

e A ; ( )
Tracker ' CALORIMETER (ECAL
ECAL R o SRt 76k scintillating PoWO, crystals

HCAL

Solenoid
PRESHOWER

-~ Silicon strips
~16m? 137k channels

Muons

/ /f

s
/

STEEL RETURN YOKE
~13000 tonnes

SUPERCONDUCTING
SOLENOID '
Niobium-titanium coil ) [y F, /
carrying ~18000 A y / T 4 FORWARD
/ R CALORIMETER
Steel + quartz fibres

] HADRON CALORIMETER (HCAL)
Total weight : 14000 tonnes Brass + plastic scintillator MUON CHAMBERS

Overall diameter :15.0 m Barrel: Drift Tubes & Resistive Plate Chambers
Overall length :28.7m Endcaps: Cathode Strip Chambers & Resistive Plate Chambers

Magnetic field :3.8T




ATLAS detector

25m

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

Toroid magnets LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiafion fracker

Semiconductor tracker



Luminosity conditions

Event with 70 reconstructed vertices (special run)

Analyses presented in this talk are using:

- 5.1 fb-1 of 7 TeV data in 2011

- Up to 19.6 fb-1 of 8 TeV data in 2012

Pileup mean interaction ~21 in 2012 (~10 in 2011)

CMS Integrated Luminosity, pp

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

—_ 25 T 20]\-0 7 T \v 44 2\ b71 T 25 180 _l LI | L | 1T TT | L | L L l 1T 1T T 1T 17T 7T T1TT | L I_
Te — 2011, 7-r:v' . 1.11:)*1 - ATLAS Online Luminosity -
E 20/, m— 2012, 8 TeV, 23.3 fb ' 120 160 E_ [ Vs=8TeV, ILdt =208 b, <p> = 20-7_5
v | 140 [0 \s=7TeV, [Ldt=521" qu>= 9.1
c - =
£ - =
3 - ]
3 100 = .
-E 10~ 110 80 :_ _:
o - =
S 60— —
;: 5¢ % 100 15 40 f_ _f
S ] 20 =

N(’)‘ W \"‘\‘ «,\"\‘ po%  ge® 0"“ \&°"‘ 0°‘: ° - | | | | | -

\‘ 1 || 1111 1 1 Ll 11 L1 11 L1 11 1 bl 1 |
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Mean Number of Interactions per Crossing
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CMS Electromagnetic
calorimeter(ECAL) :

- 75848 PbWOQ; crystals

- Excellent energy resolution (design:
1% for H—yy barrel photons)

....

i - ntmg ~ 3% from vertex/' h
. Barrel Endcap - Endcap

Preshower % |
detector "  gyupermodule Supercrystals Dee

The ECAL is made of scintillating crystals of PoWO4 :

-Barrel : 36 “supermodules” with 1700 crystals each (coverage Inl<1.48)

-Endcaps : 268 “supercrystals” with 25 crystals each (coverage 1.48<Inl<3.0)

A preshower made of silicon strip sensors is located in front of the endcaps (1.65<Ini<2.6)

a = 2.8% stochastic term

Energy resolution (measured o(E) a o b ©c be19% noise t
in electron test beam) : = E(CeV) ¢ D= lzs7 Noise term
) £ E(Gev) ~ E(GeV) ¢ = 0.3% constant tern
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CMS ECAL Calibration

Inter(c::ra);isbt:‘altion Cluster energy Energy scale
(M-yy) correction (MC) (Z—ee)
c 04— ——
09) | CMS 2012 Preliminary - ECAL barrel |
D [ [—=— ¢-symmetry ]
SIS Brai b oy T — Ty e o 0.03| = electron S
E 2 eV Lotesh o goaLbanel 3 f[HE ool s [ %/n. R
oo g o A R M b o F I:{'<\—:'/Iasn o981 = i combination ]
b9 e — T - - - -
g 099 ............................................................................................................. L % 0.02 :'" - l+ I -i
LN 5L NN NN NN SN SRS R N O f -
¢ 223 ___________________________________________________________________________________________________________ & S
0,05 T 001 ST
bes ! 7 _t:gfif{*** !
0:94 %‘ﬂix';xrx'_x' .ot |
093 M “EII_ 00 — IO.I5I — ‘I] |
20/04 20/05 19/06 19/07 18/08 17/39t 1;/10/ 16/11:;] 0 100 200 CryStal |n|
Laser calibration: ate (dayimontty o
- Correct for ECAL crystals transparency - Correc(;[ for response non-uniformity
loss due to electromagnetic damage - Use m and n (mass), ¢-symmetry
- RMS stability after corrections 0.09% (minimum bias), W—ev (E/p)
(barrel), 0.28% (Endcap) - Precision: better than 0.5% in central
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Laser

HIG-13-001

monitoring Ii‘

Crystal

Intercalibration

(m—vyy)

Cluster energy corrections
- Correct for energy loss in the
material upstream ECAL and in

ECAL cracks

- Use geometry, shower profile,

energy in preshower

- Energy regression: 1-2%

mass resolution

- Best untagged category: 1.36

Events / (0.5 GgV)

1.5

GeV effective sigma (narrow

shower shape in barrel or high I

diphoton pr events)

0.5

Energy scale:
- Correct for data/MC reS|duaI differences in
scale and resolution using Z mass shape

- Stable alonqg data-taking period

= #Simulation

—— Parametric model

0 = 1.36 GeV

FWHM = 2.99 GeV

- Signal
;model

CMS Preliminary
Simulation

BDT,, >= 0.91

125

130 135 . 140
m,, (GeV)

CMS H—vyy mass resolution

_-

9000;_ CMS Preliminary
8000 f— s=8 TeV, L=19.6 fb”"

7000
- Both electrons

6000 Il <1, R, > 0.94
5000
oo L Ee
3000}

2000}

1000}

%O 82 84 86 88 90

—e— Data

- Simulation

92 94 96 98 100
Mee (GeV)
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CMS H—vyy: other categories
EPJC 74 (2014) 3076

VBF tags:

- VBF is higher yy pr, two forward jets
- Dijet BDT using vy, jets kinematics
- Define two categories: s/b~0.5 and

Gluon-gluon fusion contamination in VBF
categories ~20-50%

s/b~0.2
0 19710 (8 TeV) +5.110™" (7 TeV)
E . CMS 8 TeV VBF dijet tag 0
s [ P CMS H - vy 19.7 6™ (8 TeV) + 5.1 fb™! (7 TeV)
& ~
=114 0%
ggH 112 igg; combined
[m, =1247 GeV]
%’ +0.77
© VBF | 1.58 jg
& -
" _0.16 i&}S I combined + 1 ¢
—@— per-processt+ 1o
Categories:
. . . ttH | 2.69 37 °
- Defined with s/b and resolution level -
IIIIIII|IIII|IIII|IIIIIIIII

- 5 untagged, 3 VBF categories, 3 VH cat, e T

2 -1 0 1 2 3 4 5 6

7
2 ttH i 39



CMS H—-ZZ—4l analysis

arxiv:1312.5353
CMS Preliminary Ys=7TeV,L=5.05fb";ys=8TeV,L=5.26fb" CMS \s=7TeV,L=51f0";(s=8TeV,L=19.7 o
> T | T T T T T T T T T l T T T | T T T I > - f | f f f | f f f | f f f | .I ! f | f f f
& 1o~ ICHEP 2012 -« Data ] & 35¢ Data g
© b Hzx 2 ok Today Hzx |
2 10F h (Jzrzz *% I [zi'zz ]
()] - . - ]
G sl W [ m,=126 GeV | > 255 [ |m,=126 Gev f
I i q 20 —
61— — C i
i Il Note the 151 ]
4 : scale! : 1
T L ] L 10__ __
2 p _|-L 0-'|;| ® 1IJ:I 5-1_
080 100 120 140 160 180 =80 100 120 140 160 180
m,, [GeV] m,, (GeV)
Channel 4e 2e2yu 4u 4/
- Small background (s/b~2), ZZ background ~ 11+01 32+02 25+02 68+03
almost flat around 125 GeV Z+ Xbackground 0.8+02 13+03 04+02 26404
- Clear excess observed All backgrounds 19+02 46+04 29+£02 94+£05
¢ my = 125 GeV 30£04 79+10 64+07 173+13
my = 126 GeV 34+05 90+11 72408 196+15

Mass range 121.5 - 130.5 GeV: Observed 4 13 8 25 40




Efficiency

1 _O?IIVISI T | T T T T Ivgl=I8-|l-e|\/’ L= 197 fbl_-‘1
- - b

0.9F ERN T
[ B é
i —L—

0.8/ .
0.6 -
i Z—e'e
0.5 D OBoSmotas
L = 1.56<nl<2.00

B o 2.00 <l <2.50 i
04 L1 1 ! ! ! ! Lo !
7 10 20 30 40 100 200

Electron P, (GeV)

Efficiency

0.90

0.85

0.80

CMS H—ZZ: lepton efficiency

CMS (s=8TeV,L=19.7 fb"

— T T 1T T T T T T T T T | —

B — .

B —— i

i e o

[ —t -

- ——

i Z—-utw

: ® 0.00<ml<1.20

— °© 120<hl<2.40

_I | | | | | | | | | 11 | | I_

567 10 20 30 100 200
Muon P, (GeV)



CMS H—-ZZ: Z1 and Z2 masses

CMS \s=7TeV,L=5.1f0";Vs=8TeV,L=19.7fb"
S\100:I LI | L | L | L | L | L | L | LI I:
[0} - 106 <m,, <141 GeV .
S 90 -

™ B ® / W 4e:8TeV/7TeV ]
N B ]
£ 80p ® / W 4u:8TeV/7 TeV .
N ® / W 2e2u:8TeV/7TeV .
70 e2u: 8Te © —
- m,, =126 GeV .
60 [ -
50:_ .'. -]

- o
40 ¢ :
30F - -

- ° °

20 —

:I 1 IJJ [ |JJ_IJ |Jﬁ||l| II|¢LI 1 | L1 II

40 50 60 70 80 90 100 110 120
m, (GeV)



H—ZZ: mass scale

(DD 0.004 ?IIV'ISI T | T T 17T T T 1T T T 17T | IVgl T I8 |-I-Ie\I/,ILI=| 1I9I7I flb; (DD 0.00 lvllsl T T | T T 17T T T 17T T T 1T | VI§I=I8I -I;el\/: II_ I= |1?I7 .Irbl-1:
£ 0.003) 1 g o003 3
S~ B 7] S~ r 7]
—~ 0.002F = —~ 0.0021 =
2o R - z
E 0.001 :_ o A ] E 0.001 :— - —:
C O —e— +0=9=C8:$c$ 7 B —— ® =

' 0 e ' 0.000f FE==

X © - L —— —0— ] é © C n
o T - T . 0 © - T .
Q'E-O -0001 — e + Z, nl0.0-0.8 ] Q_E—O -0001 — ¢ Z l 0-0'2-4—_
— B I bz mosis ] — - ¢ Y, MO0007]
-0.002 [T [-le b 7 W1525 -0.002 DY, Mi1.5-24-
- ’ R [ { J/W, Il 0.0-0.4 1
-0.003f 4+ ® Y, MO0O15 - -0.003[- b, i 0.8-1.2-
45 | | 4 U 0015 45 | | | b w1620 -

-0.00 O 10 20 30 40 50 60 70 -0.00 O 10 20 30 40 50 60 70

Electron P, (GeV) Muon P, (GeV)



CMS H—-W+W- dijet and results
JHEP 01 (2014) 096

CMS 19.4 b (8 TeV)
£ L B L B BN B
. e data ww m,=125GeV | CMS 491" (7 TeV) + 19.4 fb (8 TeV)
£ 10f—H-ww [DY+ets 5o g AN BRI 1 A
VBF tag & top 1 #ete, VBT a0 | H— WW (all channels) P 12;5'6G v
. o i mw" | olog, =0.72* 2 +
. Waets I b N T |
‘Aﬂ]]’ > 3.5 . B wz+zz+vvv I _ :
. § | 212v + 0/1-jet &
- \ ology = 0.74* 52 A
mij > 500 GeV 5%';\%% Q 7 f : |
N e | 212v + 2-jets, VBF tag S
- N L | olog, =0.60" % _'"—
07. L-—(\ ,,VHJH | 212v + 2-jets, VH tag .
50 100 150 200 250 0logy = 039" 7
M [GeV] 313v, WH tag ~
. . olog, = 0.56 127 — 1 _
- 2jets: VBF-tag and VH tag use a fit to mll
distribution 1 0 1 2 3
Best fit for o/og,,
- Trilepton final state also used: - Best fit signal strength
WH—3I3v, ZH—3lv+2jets p=0.72+0-204 453 at 125.6 GeV

- Local significance: expected 5.80,

observed 4.30
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Parameterizing deviations with EFT

Effective Field Theory for anomalous couplings:
- Look for manifestation of higher scale physics to the electroweak scale
- Construct all operators involving electroweak fields with new interactions in the

gauge sector, respecting gauge invariance
- Non-linear realization (without Higgs) or more recent linear realization (with Higgs):

L:LSM+Z%Oi+Z%Oj+---

j : : .
Dimension 6 operators are / \ Dimension 8 involves
involving charged aTGC aQGC, neutral TGC, higher
and Higgs couplings oro!er Higgs cqtéglmgs
Wp,y — ; W/‘ZV?

Building blocks: D, & = (8, — igWi% — ig'B,L)®
B,

- Enhances total cross-section, enhances (Higgs) boson pT (depends on
U(1)y and SU(2) field strength and derivative of the scalar field) 45
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Unfolding procedure:
response matrix

1OOIIIIIIIIII

See also A. Marini’s talk on Wed. 80

Why unfolding ? 60
- Unfolding is needed to undo detector effects
- There are bin by bin migrations between generator
level and reconstructed level
- This needs to be corrected: use a response matrix
to propagate the statistical uncertainty in each bin R
- Selected events falling out of acceptance at
generator level are collected in a special bin INRE— -

The proposed method: :BSZI; o

- Fold in the response matrix into the likelihood “ |
(perform measurement and unfolding at the same L B |
time) | | 3

- Each cell of the response matrix contains e
normalization (efficiency) and signal model for a T g
given set of (gen, reco) bin and analysis category

40




Unfolding procedure
(cont.)

Function to minimize Response matrix Gen level input distribution

\ /
-F(,uz) = —2lo @w Ngen,i‘Nreco,j)
N

Signal strength to be
measured for each bin of gen
level input distribution

Reco level signal
yields in each bins
and categories

- Same procedure is already used e.g. for unfolding from u in untagged and
dijet-tagged categories t0 UcaH, MvBF

- This is similar to response matrix inversion, but:

- Usual method of estimating uncertainties (covariance matrix applied after u
measurement) is approximate (in particular for low statistics categories),

- Advantage: use the full likelihood including nuisance parameters



do /dly"| [pb]

Ratio to NNLOPS

Higgs boson rapidity
ATLAS - PRL 115 (2015) 091801, CMS arxiv:1508.07819
(submitted to EPJC), HIG-14-028

- Higgs rapidity is sensitive to pdf in the proton
- Agreement with the SM predictions

19.7fb (8TeV)
3‘ : T T T | T T T I T T T I T T T T :
40 [ T 1T | L | T T | 1T I L I T 1T II-I T I T 1T | LB | 1T | T 1T l L ] E 60_ CMS ’ Data —
C NNLOPS+PY8 + XH 1 < I ]
- ATLAS pp—H e xt o vBE e vietthaoey 1 > L Ggy(H-vr) from LHC Higgs XS WG ]
35 '_-+— data, tot. unc. syst. unc. o - AMC@NLO + XH -
: A Hoyy 0 HoZZo4 ® =L 3 XH . -
C 1s=8TeV, 20.31b" S 50 Y4455 HRES + - CMS Preliminary L=19.7fo"at \s =8 TeV
30-_ ] [ &\\\ POWHEG + XH _ 3‘ :I TT | TTT | TTT | TTT | 1T I 1T | 1T | L | TTT | TTT | TTT I TT I:
L 5 -4 _ N a
r o C - POWHEG + XH, FW=5E" GeV 1 = ¢ Data(stat®sys. unc.) N gg—H (powheg+JHUgen) + XH _
25 L ] 40— I - = = - POWHEG + XH, FW=-5E° GeV* — — 35 C systematic uncertainty gg—H (minlo HJ) + XH —_
{ % ] C [ ] XH = VBF+VH+itH ] -Z\ C model dependence #4444 gg—H (HRes) + XH ]
- ] C 1 © 3 XH = VBF + VH + ttH -
20 | ’ \ ' | 1 30__ - \:g E .
15F = 1 s . ] -8 2.5 _;
i T ] 20531%- %Ii By . u ]
10F [ 1 R Y g : ' ébg- JI i oF =
- [ | ] Ce i ] r ]
n s ol oe ] r 3
5: --------- ] 10_— SIS g T "m:::_‘::'—z 1-5: ]
T P N A e [ | i [or Y=p==y=b=n=y=pd=g=a=t=rq-1 r 1 C ]
0: : : : |J]| T LN B B B C 7 —:
3 I l 0'— 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 = S E
5 =t L £ 0 0.5 1 15 2 2.5 l =
1 I_ l P é 3§ I I I g O AN ETET A TS AR ETIN SV S ST SR R I PRI T |:
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Example of Electroweak / Higgs
combination with EFT

as
~ 8A?

(fw + fs).

arxiv:1411.5364
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Higgs anomalous couplings
ATLAS - arxiv:1508.02507 (submitted to PLB)

Correlation matrix

(example)
pp - H— yy, 1s=8TeV, 20.3fb" ATLAS {00
()
= >3 2.8 2.0 52 52 7.9 10.4 10.5 20.9 90
= +1.0 +1.0 +1.0 +1.0 +1.0 +1.0 +1.0 +1.0
80
70
_> 4.7 7.3 9.0 9.7 12.7 22.5 21.6 20.5 |
- +11 +1.1 +1.0 +1.0 +1.0 +0.9 +1.0 +1.0 —60
— — —50
14.3 23.0 29.4 28.6 30.0 19.4 15.3 —40
+1.1 +1.1 *0.9 +0.9 +0.9 +1.0 +1.0
— 30
—20
401 23.0 12.5 4.1 3.7 -1.3 0.3
+1.0 +1.2 +1.2 +1.0 +1.0 +1.0 +1.1 —10

0-20 20-30 30-40 40-50 50-60 60-80 80-100 100-200
P [GeV]

Statistical correlation [%]



