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i.a Higgs Boson Production

Existence of Higgs field essential for mass genera-
tion of Weak vector bosons + quarks & leptons in
Standard Model .

Spontaneous symmetry breaking in Higgs Mecha-
nism produces new scalar particle: the Higgs boson

oo vy

In pp collisions Higgs Boson produces via gg — H,
VBF, ZH, WH & ttH

Cross section for various my at /s = 8 TeV:
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i.b Higgs Boson Decay & Discovery

Higgs Boson decays after 1071 — 107 '% ps into other SM particles

Branching fractions for Higgs decay:
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Last year, 4" of July ATLAS and CMS announced discovery of new boson

1

Couplings and spin (see talk of Roberto Di Nardo) seem compatible with SM

Higgs boson

ATLAS Search Channels
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ii. ATLAS Detector & Large Hadron Collider

ATLAS is multipurpose detector

focus: Higgs, EW, BSM, B physics

Multilayered EM & Hadronic calorimeter

excellent Tracking & Muon detection

Very successful 2011& 2012 run:
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[ LHC Delivered
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[l Good for Physics

2011, \s =7 TeV

Delivered: 5.46 fb”"
Recorded: 5.08 o™
Physics: 4.57 fb™!

A W ot yan pot

2012, Vs =8 TeV
Delivered: 22.8 fo™!

Recorded: 21.3fb”
Physics: 20.3 fb™!

W oct
Month in Year

24.9/fb integrated luminosity good for physics

Muon Detectors

Tile Calorimeter  Liquid Argon Calorimeter
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ATLAS detector & arial picture of the LHC
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iii.a Combining Mass measurements of H — vy & H — ZZ*

Two measurements w/ good mass resolution: §uf gomior  amias
¢ B
2 35 m=124.3 GeV (i) Vs=7TeV Jidt=461"
H— YY & H — ZZ* — 40 2 Ez:::z::::;‘z:” Vs=8TeV }Ld::ZOﬂb'

W Syst.Unc.
H — ~y H— ZZ* — 4
Higgs Mass [GeV] ~ 126.8 £0.2+£0.7  124.314570°

First error is statistical, second systematic.

Can combine both measurements under the
assumption of a single resonance:

l
o Data 2011+2012
% SM Higgs boson m,=126.8 GeV (fit)
Profile likelihood for combination 5 Srodmersrporene
Hery
L(mpy)
Nmy) = ——
L(My)
with the full likelihood contours from the in- :
dividual measurements in my & p, taking into b
account correlated systematics. 2 )
m,, [GeV]

Diphoton and 4¢ mass spectra



iii.b Combining Mass measurements from H — vy & H — ZZ*

Combined mass maximizing test statstics:

my = 125.5 +0.27%% GeV

To test the consistency between both measure-
ments a modified test statistic can be used.

1

4¢
Amy = m) —my

Amy =2.379% +0.6 GeV

Compatibility with Amy of the level of 1.5%
(2.40), tension between both measurements

Assuming non-gaussian uncertainties for the 3 principal systematic
uncertainties (Z — ee calibration/extrapolation, material upstream

& energy scale of presampler detector) improves compatibility to 8%
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iv.a Combining Coupling measurements

Signal strength combination from

H—=~y, H—>ZZ* — 40, H — WW:x — (vlv
i

Can combine both measurements under the
assumption of a single resonance:

1

Profile likelihood for combination

Coupling strength ;= g™mesured /5SM

H — WW* — tvily
1.0+ 0.3

H— ZZ* — 4
1.4+0.4

Evaluated at my = 125.5 GeV
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iv.b Combining Coupling measurements

Combined signal strength results for ;i and jiverivH/ lggFtetH:
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iv.c Combining Coupling measurements

Projection in pwvBr4vH-lggF+1ti Plane:

T T
ATLAS

= AR e RN E e R N < 3
& 1o ATLAS ] = 3
% E s=7TeV [Ldt=46-481" - o E Vs=7TeV [Ldt=4.6-481b" ]

: 8 s=8TeV [Ldt=207f6" E s=8TeV fLdt=20.7 10" 3

:or ] E =

& r | E -
= 6 ! 10: m, = 1255 GeV ]

E 1 8F- =

4 + Standard Model  —| [ — Combined H—yy, ZZ*, WW* -3

r x ::sncuL ] 6 ----SM expected 4

—ea% ] n ]

-+ 9% CL — F A

] ar .l

C 7 ok -

C =1255GeV g ] oot

E o 1] oL I R e | |

15 05 0 05 1 1.5 2 25 3 35

uggFHtH X B/BSM HVEF/ uggFﬁtH

Coupling ratio for VBF production only: 1ivgr/figegrun = 1.475%7%6

— Evidence at 3.30 for VBF production!
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iv.d Combining Coupling measurements
More detailed study on the Higgs coupling can be done via leading order
tree-level motivated framework.

Assumptions:

i. Single resonance at my = 125.5 GeV
ii. Narrow width approximation holds, i.e. rates of the process i — H — f are given by

o Tf

o-B=
TH

with 'y the Higgs width, and s the partial width of the H — f transition, and o; the cross section for

i — H production.

iii. No modifications in the tensor structure of the SM Lagrangian,
i.e. Higgsis 0"

Free parameters in the framework: coupling scale factors fif ratio of measured over
SM cross section times partial decay width , K/%., the total HIggS Wldth, or double ratios of
the coupling scale factors \j = k;/k;.

E.g. the effective couplings of gg — H — 7 can be written as

(o-B)Meas “zfn?y

SM — 2
(o-B) Ky

18



iv.e Combining Coupling measurements

Variety of benchmark models with focus on different observables:

Model | Probed Parameters of Functional assumptions Example: gg > H — yy
couplings interest Ky | KF | Kg | Ky | Ku
1 (;ouplings to Ky, Kp VIiVvIVvIV]V K- Kﬁ(KF, kv) /K5 (K, Ky)
2 fermions and bosons Arv, Kyy VIVIVIV] - v 5 6@, dpv, dey, 1)
3 | B B A2 K2
Custodial symmetry Awz, ez, Kzz VIVIY K7z Ay ’fy(’lFZ’ Arz, Arz, Awz)
4 Awz, Arz, 4yz, Kzz VIV - - K77 Apz Az
5 Vertex loops Kgs Ky =1 [=1]-1-1+V Kg . Kﬁ/xf,(xg, )
The ticks correspond to a certain fixed functional dependence — more details in backup
Model 1: One coupling factors for fermions and
one coupling factor for bosons: kr, kv & FaTias TTTE RS A R S
. . . \s-7TeV [Ldt- 464810 WH - vy MCombined
Model 2: Removing the constraint on the Higgs 3

boson width (i.e. that the measured partial widths have to
saturate the total width) onIy the rato A\py = KF/K,\/
and Kyy = m%//m, can be measured.

Model 1 Model 2
ke =08619%2  Apy €[0.71,1.01]
my = 1128850 k) € [1.13,1.45]

Compatibility of SM with both model fits: 12%.

\s=8TeV [Ldt=20716" + SM x Best Fit
' \

=3

7
<
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iv.f Combining Coupling measurements

SM custodial symmetry: W & Z couple
identically to Higgs .ie Az =k /kz =1

Model 3 & 4: H - we&i = H = w
information; Model 4 also includes one degree of freedom

for a potential BSM to H — ~~

Model 3 Model 4

Awz =0.811%18 Az =0.82£0.15

Compatibility of SM with Model 4: 20%.
Calculated using full 4D covariance between determined

values
Model 5: Result for kg & r:

kg =1.04£0.14
K~y =1.2040.15

Compatibility of SM with fit: 14%.
Calculated using full 2D covariance between determined

values

Kg
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1.4
1.2
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0.8
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3 L L L L L L L L
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v.a Differential Cross sections from H — vy

Differential cross section measurements from H — ~~

Analysis Idea lllustrated Unfolding

Simultaneous unbinned Likelihood fit in m.

* Unfold yields into cross sections
using bin-by-bin correction
factors

* Truth fiducial definition chosen to
closely match experimental
selection.

— Minimizes model dependence.

18— ATLAS Simulation Preliminary

Unfolding Factor
>
I

N,

Yts

.

Measured 7 variables: Higgs pr and rapidity, cos ©*, Nigs, leading jet pr, pi 0, Agj;
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doy/ dp, [ib/GeV]

Raio to POwHEG

v.b Differential Cross sections from H — vy

nggS PT, heIiC|ty angle, and IVjets compared with HRes, Powheg+Py8, HJ Minlo+Py8
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Particle level |cos(6¥)

Compatibility with SM predictions:

P-value based on \(2

using full experimental + theory covariance

Nis  PY Wy lcos@'l pp Ag;; pyY”
POWHEG 054 055 038 069 079 042 050
MINLO 044 - - 067 073 045 049 -
HRes 1.0 - 039 044 - - - -

01 02 03 04 05 06 0.7 08 09 1

>3
Particle level Ny,

+ Statistical limited at this point

Good agreement with SM
predictions.
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vi.a Summary & Conclusion

* Combination of precision mass measurement from H — vy & H — ZZ*:

my = 125.5 4+ 0.2193 GeV

Seems to disfavor single Higgs-like boson; compatibility with a single resonance is 1.5% or a tension of 2.4c

between both masses is observed, maybe due to strong non-gaussian behavior of systematic uncertainties.

* Qverall signal production strength combining H — ~~, H — 2%, H — ww*:

p=133G%

Observed coupling compatible with SM Higgs

* VBF coupling strength from combination:

_ 1 4+0.440.6
pver / pegFrun = 1.4703700

— Evidence of 3.3¢0 for VBF production of Higgs
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Assumptions

%

Results with leading order
tree-level motivated framework:

Single resonance, 0", narrow width approx.

5 models with focus on different
observables:

1/2 Couplings to Fermions & Bosons
3/4 Custodial Symmetry
5 Vertex loops

All determined couplings
compatible with the SM
(p-values ranging from 12-20%)

Differential cross section
measurements from H — ~~

7 observables studied, e.g. Higgs
pr and helicity angle

All measured distributions
compatible with the SM.

vi.b Summary & Conclusion

ATLAS
m, = 125.5 GeV

Total uncertainty

Model:
Ky, Kg

+ 1o + 20

Vv

N/ \ /
Kg /

[ | N 2N

Vs=7TeV fLdt=4.6-481"
(s=8TeV fLdt=20.7 fb”

-1 0 1
Parameter value
Combined H— yy, ZZ*, WW*
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