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Outline

* |ntroduction

* Higgs properties
— Mass

— Couplings

— Width

— Spin and Parity
Differential and

total cross
sections

 Summary and
outlook
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bb=1.14+0.5

Tt~ =0.4+0.6
Zy < 9.5, CL = 95%

J=0

Mass m = 125.7 4 0.4 GeV

HO Signal Strengths in Different Channels 2014-:

Combined Final States = 1.17 £ 0.17 (S = 1.2)
_ +0.24
ww* = 0.871923

first printed PDG edition
Zzr=111153% (S=13) with Higgs boson data
7y = 1581523

« Collaborations wrapping up analysis on LHC Run-1 data:
~5 fb! at Vs=7 TeV, ~20 fb! at Vs=8 TeV

* Legacy papers:
— Couplings:

ATLAS: arXiv:1507.04548v1 i
CMS: Eur. Phys. J. C (2015) 75:212 preparation

— Mass combination: PRL 114, 191803 (2015)
— Extended bibliography in backup slides
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CMS,

k922 LHC Higgs Cross-section WG .. 2.

Results and interpretation thanks to the long-term
collaboration between

experiments and theorists. e

ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE

CERN EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

50t ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE
2 CERN EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

ORGANISATION EUROPEENNE POUR LA RECHERCHE NUCLEAIRE
Handbook of LHC Higgs cross sections:
CERN EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH 88

1. Inclusive observables

Handbook of LHC Higgs cross sections: Report of the LHC Higgs Cross Section Working Group
2. Differential Distributions

Report of the LHC Higgs Cross Section Working Group
Handbook of LHC Higgs cross sections:

3. Higgs Properties

S. Dittmaier
C. Mariotti
G. Passarino
Report of the LHC Higgs Cross Section Working Group R. Tanaka
Editors: S. Dittmaier
C. Mariotti
G. Passarino
F P rt H R. Tanaka
OCUS On rropertes J—
2011
of 125 GeV SM

. Mariotti

or MSSM Higgs T

GENEVA

See theoretical talks in plenary and parallel sessions
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DI MILANO

_ _ Uncertainty at 8 TeV [%]
Vs=7 TeV | Vs=8 TeV QCD scale PDF+o,
19.2

Higgs production at LHC .9

EXPERIMENT

from LHCHXS WG
g
15.1 2 4727809 +7.5-69
VBF 1.22 1.58 +0.2 +2.6 -2.8
t/bh === H
WH 0.577 0.703 +1.0 +2.3
ZH 0.334 0.414 +3.1 +2.5
g 0.086 0.129 +3.8-9.3 +8.1
() tqH/WtH non negligible w.r.t. ttH/bbH
() Improved by NNNLO calculations 0.156 0.203 +10.3 -14.8 +6.2
q TJq H £/b

q/ q—/ q W/Z
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EXPERIMENT

from LHCHXS WG
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10_4 | 1 1 1 1 | 1 1 1 L | R AL
e 100 150 200 250
180 200
M, [GeV] M, [GeV]

 my at 125 GeV is an exceptional opportunity:
— many decay channels (also rare ones) are accessible.
— narrow state: no widening w.r.t. detector resolution
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6xBR Vs=8 TeV Most sensitive channel Events
[pb] oxXBR [pb] in 20 fb-!
VH

H—bb 0.575 12.8 0.64 127765

0.216 4.8 WW—lvly (21.3%) 1.0 20000
Ho1r 0.063 1.4 VBF+VH 0.17 340
SV AN 0.027 0.6 770000 (0.45%)  0.0027 54
Hoyy PREE 0.05 1000
H-Zy BEINE 0.036 Z—00(6.73%)  0.0024 54
Hopp [PRINE 0.0049 98
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EXPERIMENT

. . . - A0 19.7 b7 (8 TeV) + 5.1 b7 (7 TeV) _| T T 1 LA I I L B Y I LB |_
H_)VY 3|gn|flcance 5 3_55_ fﬂ"ysy S/(S+B) weighted sum > L ATLASH—->WW?#*]
ATLAS: 5'2 (exp' 4'6) % 3; L zj:fits(weightedsum) 8 800 __ \S=8Tev:| 20'3fb_1 __
CMS: 5.6 (exp.53) [F*° ™. = o | \s=7TeV, 451" -
é 2_ ------ ?2 600 L (a) n;< 1, ep+ee/pp ]
> 1of S - ¢ Obststat -
;\ 1_ i 114702 i i ~ Bkgtsyst
Z_S/ 02; mH=‘124.70i|0.34 Ge\‘l | | | | 400 | . nggS |
5 O - B ww i
H—ZZ’ significance [ OMisid
200 — —
ATLAS: 8.1 (exp. 6.2) : i OTp |
. -100 B B DY 7
CMS: 6.5 (exp. 6.3) O e e g B .
CMS 1s=7TeV,L=51fbT;\s=8TeV,L =197 m,, (GeV) 0: ]
> ask | ! x S ba | T > C (b) Background-subtracted 7
o i 5 150~ ¢ Obs-Bkg —
C‘\D 30~ -Z+X ] o L % Bkgisyst i
2 I [zv.zz . Ay - B Higgs -
L%’ 25;— | |m,=126Gev — g 100 - B
201 = L - i
- ] 50 - E
151 - _ ]
10?— l . J _
si— % m [é H—-WW: significance S I D I B
1 - 50 100 150 200 250
080 100 120 140 160 115;0 ATLA_‘S' 6.5 (exp. 5.9) m- [GeV]
my, (GeV) CMS: 4.7 (exp. 5.4) T
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EXPERIMENT

£ Higgs to fermions .9

Tg) L e L B | L LD
S 10" CMS 1 ® Data H—TT significance
% 108 E-\s= 7TeV,L=5.01fb B vH .
'é 105 \s = 8TeV, L =18.9 fb™ [ ] Background ATLAS' 4'5 (exp' 3'4)
0 . pp — VH; H— bb —— VH(bb) 125 GeV CMS: 3.8 (exp. 39)
10 322 Background uncert.
103 C | I I I I I I T T I T T T | I T T [ | T T T T | T T
— 4 |
102 0 10 = —e— Data 3
10 4\.;2 E |:| Background (u=1.4) E
1 - o T T T T T e e 7T Background (u=0)
O A3
107" B = g 10°E B H125) 50 (u=1.9) E
E ot 0ss Ty = H(125)t (u=1)
1.5:— B ]
@ E
S 'E 10%E E
0.5;— E _____ E
. 15; x2/do;=0.64 _E B .. 7
E’E 15 105_ —>TT _E
85 - - ATLAS # .
= 05F ez i
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ATLAS: 1.8 (exp. 2.8)
CMS: 2.0 (exp. 2.6) log, (S / B)
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Related talks at SUSY2015

EXPERIMENT

Combinations of the 125 Higgs Boson Properties Measurements using the ATLAS
Detectors (P. K. Rados, Monday)

Study of Higgs bosons decaying to bottom quarks at CMS (S. Alderweireldt, Monday)

Constraints on new phenomena through Higgs coupling measurements with the ATLAS
detector (L. Brenner, Tuesday)

Higgs boson properties in bosonic final states at CMS (D. A. Belknap, Tuesday)

Latest results on the Higgs boson in the diphoton decay channel (F. Bernlochner,
Tuesday)

Search for the Higgs boson in the ttH production channel using the ATLAS detector (J.
Bouffard, Tuesday)

Status of Higgs coupling strength determination from ATLAS and CMS (M. Moreno
Llacers, Tuesday)

ATLAS and CMS Prospects for Higgs Physics at the HL-LHC (A. Perieanu, Thursday)
Study of Higgs boson decay to leptons at CMS (C. S. Caillol, Thursday)
Higgs flavor studies and rare decays (H. Okawa, Plenary Saturday)

Overview of BSM Higgs Physics from the ATLAS and CMS (T. A. Du Pree, Plenary
Saturday)
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Ho J = 0 S 3 T T T | T T T T | T T T T | T T T T T T T T | T Isl T | T T T T B
N B -=-=-. ATLAS H—yy ]
| Mass m = 125.7 & 0.4 GeV _| < - ATLAS and CMS --- ATLAS HoZZ—41
H" Signal §trengths in Different Channels g o 5—_ LHC Run1 e g%g Z *gg A ]
Combined Final States = 1.17 + 0.17 (S = 1.2) o - Al comb?ned =4
ww* = 087532 1% - R i
— - L4 —
zz*=111753% (S =13) © IR % Best fit ]
vy = 158107 = oL /) —— 68%CL —
bb=1.1+05 195) - ! 7
THTT =04£06 [ PR S YO i
Zy < 9.5, CL = 95% I N =
1.5 % T
L . . -

- ’, 1
: ~~~ X "’." 1 :
- : ."---X- 'I' —

1 - T

| ..___-___‘0?— —
* First combination of Higgs N i

measurements between 0-5 | | | 11 1 | I 11 |- I 11 1 | | | I | 11 1 | | 11 1 1

) 124 124.5 125 125.5 126 126.5 127
the LHC collaborations m.. [GeV]
DOI: 10.1103/PhysRevlett.114.191803 i

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

— Still statistically dominated
— Systematic uncertainties driven by detector energy scale.
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EXPERIMENT

» Higgs mass is an arbitrary parameter in the SM A(LEP) (Bl  ————  |143°2%
1 o e
) A(SLD =3 38
V(@) =mlaf 2l ¥ V-m’ 12 =(N2G,) =246 Gev A e |0
=m + Aosb —s——503 -_|-628
m, =\2Av = 1=0.13 e 11 R
. . w -34
— constrains Electroweak fits T I 1 gm 2t
— provides predictions on production and LHC average 1 125.1 +0.2
decay widths: couplings o< M/v 6 10 20 10°2x10°  10°
M, [GeV]
;‘ - T ! T T I T T T T I T T T T | T : . : rnl‘wolﬂd |conl-|b :—161 T | T ,I’_ C\l>< 10 : T T T T [ T T T T I T T T T T T T T | T T T | T T T T :
3 - 68% ar!d 95% CL contours : | .. m, =173.3 GeV 1< 9 . :_Z 3
— 80.5 — M fit wio M, and m, measurements | -- 0=076Cev ) — = [l SM it w/o m, measuements mEs
Z L fitw/o M, m and M_ measurements | | —© =076 ©050,GeV d - . -
= C W direct M, anc1! m. measurements i - . 8 :—I: SM fit w/o m, and M,, lpeasurements —
80.45 :— ' : : —: 7 = @ miin world average [ar§iv:1403.4427] E
- ' : — HEH miin DO measurement [&rXiv:1405.1756] 3
80.4 N 6 E_"O* m?** from Tevatron o,; [BrXiv:1207.0980] _E
= 5 " m® fromCMS o_[arXi§:1307.1907v3] -
M, world comb. + 1o = HH p°° from ATLAS o,; [arXly:1406.5375] -
80.35 [ M, =80.385 + 0.015 GeV Qb e — 2¢
- 30 =
80.3 — - =
- 2 —
N . - =
80.25 — .77 L . LI PRy —o
B |'/: L P 0 E PR SR TR N AN TN Y TN T AN T SO T W o [ R R R -
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from Gfitter m, [GeV] m, [GeV]
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HO J=0

Mass m = 125.7 4 0.4 GeV

HY Signal §trengths in Different Channels

Combined Final States = 1.17 £ 0.17 (S = 1.2)
ww* = 0877333

Zz* =1111038 (S =13)

vy = 1.58f8:§§

bb=1.1%+05

7T =04+06

Zy < 95, CL =95%

ATLAS Simulation H— 77" - 41
mu=125GeV 110 < my[GeV] < 140

H mtH

W ogF + bbH

mVBF XXWH

mZ

Inclusive

VBF enriched

VH-hadronic enriched

VH-leptonic enriched

ggF enriched

e by by by s by by v by by by g by
0 10 20 30 40 50 60 70 80 90 100
Signal Composition (%)

UNIVERSITA DEGLI STUDI
DI MILANO

O x BR
(0 x BR)

SM

Allow splitting in categories with different
sensitivities:

— background vs. acceptance trade-off

— signal composition
Combine categories fitting strength of

different processes and different final
states:

c _ Py, S C C :
Signal—zu u (prBRf)SMxAp,fxep,fxLuml
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Channel matrix

ww . ZzZ yy | bb

ATLAS ATLAS ATLAS ATLAS
CMS CMS CMS CMS
VBF ATLAS ATLAS ATLAS ATLAS

CMS CMS CMS CMS CMS

ATLAS ATLAS ATLAS ATLAS
CMS CMS CMS CMS CMS

ATLAS ATLAS ATLAS ATLAS
CMS CMS CMS CMS CMS

ATLAS ATLAS ATLAS ATLAS ATLAS
CMS CMS CMS CMS CMS

SUSY 2015, 25 August 2015 A. Andreazza, Overview of SM Higgs boson at LHC



UNIVERSITA DEGLI STUDI

EXPERIMENT

 Alternative approach for H—bb search.

= 22000F cms Category 1 =
g 20000} . Eatad ]
. . ) — Fitted signal
— BDT base on event kinematics and b content « 18000 ol
P . E
c F ---- Bkg. ]
—_— H [0) 14000 I QCD -
fit to m,, spectrum & 1o000f 0 b, e,
19.8f07 (8 TeV) 10000 (1o bkg-une. 5
o R 80001
M 5 6000 F
(@] 1 0 _ QCD (x 1.65) 400 PR R Lo L -
N~ .
n 4 []Z+jets g; 200 { ;
= 10 D m RN
(0] [single t o L A T = ===>
5 10° T g 0 R AT I
— 10xVBF H(125) -400 IR T P T P Ll
102 80 100 120 140 160 180 200
i m,, (GeV)
10 19.8 b (8TeV)
% 450 cMS Category 4 =
O] 4005 * Data 3
1 0 E — Fitted signal 3
- N o + (m,=125GeV) 7
O 04 @ — Bkg. + signal
s 02 T 300f --- Bkg. =
@ 02 2 ] --.QCD ]
5 04 ) ; ; ; i P W 250F [ 20 bkg. unc. -
o -1 -0.5 0 0.5 1 200k 1o bkg. unc. 3
BDT output : ]
500
100k ‘ I

DI MILANO

19.8 fb (8TeV)

H — bb

Best fit (68% CL) Upper limits (95% CL)

Signal significance

2 50
Channel Observed Observed  Expected Observed Expected &T N S TS SRS T VI SN Ve
VH 0.89 £0.43 1.68 0.85 2.08 2.52 < 3 3
ttH 0.7 +1.8 4.1 3.5 0.37 0.58 poose 4
VBE 2 8+%Z 5.5 25 2.20 0.83 80 100 120 140 160 180 @ \?) 0
8Ty . , . . m (Ge
Combined 1.0370%8 1.77 0.78 2.56 2.70 =

SUSY 2015, 25 August 2015

A. Andreazza, Overview of SM Higgs boson at LHC



EXPERIMENT

* [tH has small cross section
but spectacular final state.

« Multilepton final states targe
WW+ZZ+r1r decay modes

Higgs boson decay mode
Category WW* 71 ZZ* Other
200704 80% 15% 3% 2%
3¢ 4%  15% 7% 4%
201Thad 35% 62% 2% 1%
40 69% 14% 14% 4%
1027104 4%  93% 0% 3%

« Background from tt(+Z/W)

UNIVERSITA DEGLI STUDI
DI MILANO

%) 0 22F T T -
% 100*ATLAS -Non-Prompt +D ta 2012* g 20_ATLAS ljtiw + Data 2012
> L \s=8TeV, 20.3fb" []Charge misiD [l Rare > F\s=8TeV,20.3 fb" -Non-Prompt W Rare

] ] w1 y —
8ol 2074 category Totalunc. Vv _ 16E E 3l category ‘Totalunc. [@Vwv E
r — ﬁH(125) X 2.4 ]tz B E —ttH(125) X 2.4 []tiz 3
L [Ctw 14 E
60 7 12F 3
: 10F- 3
40~ ] 8F =
: 6;_ 2o0e%e? _;
201~ ] 4 =
r 2k =

C_ L + L 0 ! L |

3 7 8 5 6 7 8
Number of jets Number of jets

& T T T T T T T _.Q T T T T T T
5 L ATLAS Claw 4 Data 2012 | qc, | ATLAS Ciw ~+-Data 2012 |

I.l>.l | \s=8TeV,20.3 fo! [ Non-Prompt [l Rare Lﬁ | \s=8TeV,20.3fb" [Non-Prompt [l Rare
2l category “Totalune. [V 4/ category % Totalune. [V
4~ —fiH(125)  []tiz 4~ —fH(125) [tz

2 —

0 O s
Number of jets Number of jets

ATLAS (WW+ZZ+77) p=2.1+14
ATLAS (bb) u=1.5%

-1.2
1.1
CMS (WW+ZZ+t+bb+yy) p=2.8+1.0
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220_|

T
F ATLAS

g 18- ATt Lo =

@ F\s=8TeV,20.3fb" [t M Rare B
16 1l2r,,, category % Totalune. [ =
14 — tiH(125) X 2.4 ]tiZ 3
12 v =
10k =
8t =
6 =
4 =
2 =
0

T T
Ciw -+-Dt 2012

7 8
Number of jets
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Rare decays

_ - +
/b 4

H ------ t/b H

t/b

(0XxBR)/(0XBR)sy | ATLAS

W:t

(0XBR)/(0*BR)sy_

<11 (9exp.)  <9.5(10 exp.)

<7.0(7.2exp.) <7.4(6.5exp.)
(4.7%10° exp.)

<7.7 (6.4 exp.)

_ HoJipyO

H—J/gpy") <540 (430 exp.) <540 (570 exp.)

() expected limits are my personal derivation from
Phys. Lett. B744 184, Phys.Rev.Lett. 114 121801,
arXiv:1507.03031

See H. Okawa'’s talk on Saturday
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EXPERIMENT
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ATLAS
m, = 125.36 GeV

— o(stat.)
sys inc.
- G(theory )

— o(theory)

Total uncertainty
+iconpu

H - vy

_ +0.28
p=1.1 7_0_:26

+0.23 .
-0.23 .
+0.16
-0.11
+0.12
-0.08

H - Z2Z*

B 1+0.40
=1 .4670.34

+0.35
-0.31
+0.19
-0.13
+0.18
-0.11

—
—
_|

H -> Ww*

3 +0.24
= 1'18—0.21

+0.16
-0.16
+0.17
-0.14
+0.13
-0.09

H- 1t

_ +0.42
p=1 .44_0_37

+0.30
-0.29
+0.29
-0.23
+0.16

A R

Ll

H — bb

B +0.39
b=0630%

+0.31
-0.30
+0.24
-0.23
+0.09

-0.07 |

H - pp

_ +3.7
n= 0.773.7

+3.6

-3.6

+0.5
-0.7

+0.4
-04

H - 2Zy

_ +4.6
W= 2.7_4‘5

+4.3

-42
+1.7
-13
+1.1
-03
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Combined

_ +0.15
=1 '18—0.14

+0.10
-0.10

+0.11
-0.10

+0.08

-0.07 |

ATLAS Input measurements
Individual analysis +iconp
m, (GeV)
Overall: p = 11727 |125.4 : L Ees : :
H— vy goF:p =1.320% 4254 : D e : :
VBF:u=0877 |125.4 : —i
WH:p=1.07% |125 4 —
ZH:in=0127 4254 : ¥ : ; :
o +0.40 ({25 36 . . —— - . .
H - zZ* Overall: pu = 1.444)‘33 : : i : : :
ggF+ttH: = 1.7%° | 125,36 D i
a6 : : . : . : .
VBFeVHin =03 11536 | 1 —fe————i] [
Overall: p = 1.16°%* 125 36 : : C ke
H > ww* o : : :
ggF:p:O.QB“é:iZ 125.36 - . .
VBF:p=1.28""" 112536 He—: I Z
e : : :
VH:n =30, [125.36] Ly T T,
Overall: p = 1.43%4% [125.36 E——N . .
H— T o . .
9g9F:n=20"" 112536 H——
R +0.59 . .
VBV = 124 0 |125.36) R e . EESE
Overall:u:O.SZﬁ'jg 125.36 :' . .
VH — Vbb 065 : H : :
WH:w =111 " 1125 D —te— .
o +0.52 . : . .
2Rk =00 0 125 Ml e S ERNE SR I
H— pu Overall:u=-0.7t2'; 125.5 - : " .
P i
H - Zy Overall:u=2.7t:'§ 125.5 - . ‘ .
bb: = 1.51]125 : Lo
ttH ey : A
Multilepton:u:Z.ﬂ'Z 125 : : —e———1 |
L4 nt262 : X . . .
=TS iesa |, ey v meresrneranran)
N P |
\s=7TeV, 45471 —2 0 2 4
\s = 8 TeV, 20.3 b Signal strength (u)

\s=7TeV, 4.5-4.7 fo'

\s=8TeV, 20.3 fb"

Signal strength (u)
A. Andreazza, Overview of SM Higgs boson at LHC
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Combination: production .9

DI MILANO
EXPERIMENT
ATLAS Input measurements
Vi i ATLAS TeV,45-4.7f0"
Individual analysis ticonpu 68%CL: =il \/S=7TeV,45-4.
m (GeV) - 95%CL:  —  \/s=8TeV,20.3f"'
Overall: p = 1.17°% |125.4 : . . Kot —
H- vy 0% o - ——————] ————
ggF:p=132" ""1125.4 : : : i !
VBF: 1 =0.8"7 1254 ; : : : : : +0.23 :
e L S =1.23 :
WH:w =1.0""% | 1254 e HMggr ~0.20 :
ZH:p=0.177 1254 : . i :
A L P L TR — T —_ — oeesllae——
Overall:u=1.44+°'40 125.36 . . |_._| HVBF - 1 .23 i 0-32 :
H - zz* 030 DR R :
ggF+ttH: p = 1.7'%° |125.36 : : : D '
04 . . . : . . . — —_—
VBF+VH: 1 =03"° | o o R S S ol Myy = 0.80+0.36 :
Overall: p = 1.16°%* |125.36 i-‘-' . . E
H — Ww* ) o - MUyy=1.811£0.80 ' -
ggF:u =0.98 125.36 . . X et . . . t H
o o . ; my = 125.36GeV
VBF:u=1.28" " [125.36 : : : . : : T e
VH: u=3.0'7° 125 36 i » i i 0 0.5 1 1.5 2 25 3
Wy g Overmbn=tastilisdsl e : Signal strength (u)
- aFin-207"iosse| ¢ 0 ey arXiv:1507.04548 197" (8 TeV) + 511 (7 TeV)
VBF+VH:u=1.240% | o o e CMS Wl 68% CL
Overall: p = 0.52'%4° | 125.36 : : i : : : ==95% CL
VH — Vbb o : : : :
WH1M=1-1170‘61 125 : : N !—-—| : : : H
ikt 3 N = N LI B M, =08505 | —m-
H — up Overall:p = -0.77 | 1255 : - - - . E
' . .
. : : i : : : 2116 | ig—
H->2Zy Overall: p =2.7° 1255 : - Huer -034 :
bb:y =1.571[125 II . | . [ S +0.38 E
H 1.1 : . B . = 0-92 *
t Multilepton:u:Z.ﬂ:Z 125 : : : H——f——— | MVH -0.36 !
=130 05 g R | i
1.08 '
L. |, | [ Mo, =2.9070g, e ——
e b e e e e e
\s=7TeV, 45471 —2 0 2 4 O 1 2 3 4 5 ¢
) h Eur. Phys. J. C75 212 Parameter value
\s =8 TeV, 20.3 fb Signal strength ()
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Combination: production .9

DI MILANO

Production Signal strength p at my = 125.36 GeV
process Vs =8 TeV Combined /s = 7 and 8 TeV

! 4+0.25  [+40.16 40.10 +0.16] 4+0.23  [+0.14 40.09 +0.16]

ggF 1.23 Zg'51 —0.16 —0.08 —0.11 1.23 Zg'50 —0.14 —0.08 —0.12

41039  [40.32 4+0.17 +0.13] [+0.28 40.13 +0.11

VBF 1.55 ¢35 —0.31 —0.13 —0.11 1.23 =+ 0.32 —0.27 —0.12 —0.09

[40.37 +0.20 +0.12] [40.31 40.17 +0.10]

VH 0.93+0.39 |Zo333 2018 —0.06 0.80£0.36 | 130 20,17 —0.05

[410.51 +0.58 +0.28] [10.52 +0.58 +0.31]

ttH 1.62£0.78 | Zoi50 ~0.54 —0.10 1.81£0.80 |Zoi50 ~0.55 —0.12

~ 7/ N\ ATLAS: arXiv:1507.04548
Stat. Syst. Theory
Parameter Best-fit result (68 % CL) Significance (o) Pull to SM
7TeV 8 TeV Combined Observed Expected (o)

K 1.0303] 0.79*015 0.85%0-12 6.6 7.4 ~0.8
JLVBF 177405 1.0240 3 1.16° 03] 3.7 3.3 +0.4
AVH <0.99 0.96*043 0.92+0-38 2.7 2.9 ~0.2
i <2.19 3.27+120 2.90*1 %8 3.5 1.2 +2.2

SUSY 2015, 25 August 2015

CMS: Eur. Phys. J. C75 212
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HversvH/ HggHsttH

7 7 6 19.7 o (8 TeV) + 5 1 fb (7 TeV)
T T T T T T T T T T
> i q]: H e w tagged
| m ] CMS <5 H— ZZ tagged
1> o H— WW tagged
- - H— trtagged
41— " H— bb tagged
- { SM Higgs
o ~
U W/Z I
o=
o g g t/b
| | | | | |
_1 0 t/b --- Hj --- H
Eur. Phys. J. C75 212 : g g /3

Hver+vi/Mgghsn: ATLAS 0.96*043 , 5

SUSY 2015, 25 August 2015 A. Andreazza, Overview of SM Higgs boson at LHC



EXPERIMENT

« Signal strength mix different elementary processed

* Direct comparison with SM based on elementary couplings
— deviation from SM coded into k factors [LHCHXS Report 3]

o(i—=H—f)= < <§;)(r’(f§"1)

2 __SM 21~SM 121<K)
O =K O. . =xT rH= J r}sLIM
1-BR

— At the level of the Feynman vertices:

— Composite:

K2=159k;, +007 k' -0.66-K,k,, K, (KZ,KW,Kt ,Kb,Kg...)

n o )

K2=106-k’+0.01k, —0.07 Kk,

SUSY 2015, 25 August 2015 A. Andreazza, Overview of SM Higgs boson at LHC



« Simplified model: common parameter for HVV and Hff vertices.

* Similar to Yyge.yn/Hggrr» OUt @accounts for b-t and V-t
interferences.

1 I 1 1 1 I 1 1 1
ATLAS
Vs=7TeV, 4547

Vs=8TeV, 20.3fo™"
my, = 125.36 GeV

IIII|I.II|IIII|I1II|IIII|IIII

\

* SM - 68% CL
-II- Best fit | ---95%ICL

IIII|IIXI-I|IIIILI__|_I|IJ_L_I_|_IIII|IIII|III \

| 3 Copbined

arXiv:1507.04548
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EXPERIMENT

 Difference in strength in
fermion couplings are
expected in two Higgs
doublets models

* Fit K, and two fermions
couplings.

kJk,: ATLAS [-1.08,-0.81]U[0.75,1.04]

KelKg:  ATLAS [-1.34,-0.94]U[0.94,1.34]
CMS 1 -03+0'23_0_21

* Results can be interpreted
as constraints on BSM
models.

SUSY 2015, 25 August 2015

tan B

Update of ALTAS-CONF-2014-010

. Obs., h couplings [xy, k,, k4l [ Obs

------- Exp.

. Ho> ZZ 41, Il qq/bb/vv

.. H> WW- v qq/lv

_______ Exp. -------- Exp.
(] obs., AH-1t [E555] obs
_______ Exp ------- Exp.

: | Obs
[ ] obs,AszZhslvwvbb Exp

-------------

Vs=7 TeV, 4.5-4.7 fb" ]
Vs=8 TeV, 19.5-20.3 fb '
hMSSM, 95% CL limits |

200 250 300 350 400

450

500
m, [GeV]

For example see L. Brenner this afternoon
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General models 2

DI MILANO
EXPERIMENT

 Standard Model « BSM searches

— all couplings in SM lagrangian  _ contributions to loops, kg, «,,

19.7fb” (8 TeV) + 5.1 fb’ (7 TeV) — exotics decay channels I_BSM
CMS - 68% CL . .
= 05% CL 19.7fb (8 TeV) + 5.1 fb " (7 TeV)
i<,y = 0.95701% ——ll— CMS W 68% CL
w -0.13 , N . III‘Il?.7f‘b’:(§"ll'ﬁ\‘/l)+|5.‘1’ﬂ|)"'l(ZTe\‘/)_ 10.14 ' =95% CL
+0.16 ! '\:; CMS }\'WZ = 092_ 0:12 -*-—
K, = 1_05_ 0.16 —I*— Q9> 1 D e
1 - 5 107k oot 1 | k=101 »
Ki = 081+81g —*:— < ---SM Higgs ] +0.14 !
' 102 K =0.87"75 —-l-—
+033 : E ................................................ T
o= 07| === | ™ St hau=099003g et
: ) Mowm o | ; g [ A
K = 084+812 , o 1 Partic?gmass (18%V) }\'lq - 103' o2t L
_ +0.11
K, < 1.87 . Kg =089 ¢4 -
I EENE S R R _ +0.12 1
0 05 1 15 2 25 =1%o T o
Parameter value BRggy < 0. 14— :
o b v e e b b
. . 0 0.5 1 1.5 2 2.9
For more details on couplings see i~ KiK; Parameter value

M. Moreno Llacer’s talk this afternoon
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EXPERIMENT

* SM width for m =125.1 GeV is I';=4.1 MeV

* Width measurements:
— discriminate one vs. multiple resonances
— additional BSM contributions (invisible decay channels)
* Direct limits

— compatibility of mass peak
with detector resolution

19.7 b7 (8 TeV) + 5.1 fb" (7 TeV)

—
o

- T T l

- CMS
"Hoyy+H—->ZZ
- M., 1

-2AInL

Iy, limits at 95% CL.:

ATLAS vyy: <5.0 GeV (6.2 exp.)
ATLAS ZZ: <2.6 GeV (6.2 exp.)
CMS yy+ZZ. <1.7 GeV (2.3 exp.)

Combined
= QObserved
-+ Expected

H—yy tagged 1

—— Observed

=+ Expected
H—ZZ tagged
—— Observed
Expected

SUSY 2015,

- N W & O O N 00 ©
TTPTTTTTTTTTITT TTTTTTTT[TTTT[TTITT

(=)
TT

o
N

Higgs boson width (GeV)
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EXPERIMENT

* SM width for m =125.1 GeV is I';=4.1 MeV

 Width measurements:

— discriminate one vs. multiple resonances
— additional BSM contributions (including invisible decay channels)

* Direct limits

— compatibility of mass peak
with detector resolution

Iy, limits at 95% CL.:

ATLAS vyy: <5.0 GeV (6.2 exp.)
ATLAS ZZ: <2.6 GeV (6.2 exp.)
CMS yy+ZZ. <1.7 GeV (2.3 exp.)

— flight distance measurement

Iy limits at 95% CL.:
CMS 22Z. >3.9%10° MeV

SUSY 2015, 25 August 2015

4_

i

CMS 19.7 b7 (8 TeV) + 5.1 fo ™ (7 TeV)

E 8 _l T T T | T T T T |_
=. . ¢+ Observed
g - [ ] SMsignal
~ | onet00um

"g 6__ B 99—4¢bkg.] |17 ’
Q | [Jqg-4bkg.
L | [z

0200 500
arXiv:1507.06656 CAt (um)
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UNIVERSITA DEGLI STUDI
DI MILANO
EXPERIMENT

* Interplay between gg—H —VV and other di-boson
production mechanisms.

; 10-1§ L e e L B B B B B E . 03X|10|_3| S
® - ' - /s = ] > U ]
O - ATLAS simulation \s=8TeV 8 - ATLAS Simulation Is=8TeV -
.,-9 ol g9 > ZZ — 2e2u X 0.2+ _
= 10 = s X = £ - 99— ZZ — 2e2u 1
5 E gg— H* = ZZ (S) 3 — C 4
£ - r'm'x . 99228 . e o1 g
o H A — - gg— (H*>) 2Z 4 S -0 ]
) 34 | .11':"'-_ === 09— (H'=)ZZ (n =10) | B L ]
© 10 = d o, T1e. off-shell E S C i
E'. ‘I'I.. e ] O,__ - earmmemmmTTTIT d
g . : = T z
10§ e E 0.1 L ' B
i ] 0.2F =
1 ()'5 = E B —gg— H*—> ZZ (S) i
; 3 _03:— E - - gg— (H*—) ZZ (Interference) —:
1 0-6 ] P PR SR T S AN T ST N S . | PR N T T R NN TR SR M NN S S| ]

200 400 600 800 400 600 800 1000
T m,, [GeV] m,, [GeV]
K_2 2
g,on-shell"* V ,on-shell * 2 2
O il (gg —H — VV) x r /T O off-shell (gg —H — VV) XK, off-shell KV off-shell
H H.SM
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EXPERIMENT

Illlllllllllllllllllm

ATLAS 's=8TeV: [Ldt=20.3 fb"
® Data
H—ZZ -4l 4444 SM (stat @ syst)
-~ Total (u_. . ,=10)
gg+VBF—»(H*—) Z2Z
I Background gg— ZZ
Background Z+jets, tt
60

Events / 30 GeV

\\&\Nllll

300 400 500 600 700 800 900 1000
m,, [GeV]

« Upper limits at 95% CL,
assuming Ky, shen=Koft-shell-

ATLAS (ZZ+WW): [, <23 MeV (33 MeV)
CMS (Z2): I, <22 MeV (33 MeV)

UNIVERSITA DEGLI STUDI

19.7 o' (81Fev

100

Events / 60 GeV

, ; . I T T T I

¢+ Observed |
[0
A0 £ =2x107
fAQ_5><1O3 u

- gg+VV—> i
[ ] qg—4/ bkg.
B z+X

: : AQ
p >
N VVH

« Alternative interpretations:
limits on anomalous couplings

DI MILANO

mt /A%
0= [ ot T3
1 H Q \
_ 2 2
A(HVV) « |a; — ei#a0 (gv1 +4\2/2) A (‘7v1 ‘Ivz) m%, €16ty
Ag) (A1)°

SUSY 2015, 25 August 2015
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UNIVERSITA DEGLI STUDI
DI MILANO

0 0.2 0.4

Phys. Rev. D 92 012004

SUSY 2015, 25 August 2015

HO T=0 * Kinematic variables in
Mass m = 125.7 % 0.4 GeV the final state sensitive
HO Signal Strengths in Different Channels to Spln / p a rlty Of the
Combined Final States = 1.17 £ 0.17 (S = 1.2) . .
Ww* = 0.87+024 decaying particle.
7z =1111038 (S=13) .
vy = 158+ 021 « Test alternative
SN hypotheses against SM
Zvy < 9.5, CL=95% O+ hypOtheSiS
CMS Q7T R ToV) 1+ 51 b (7 TeV) h * CMS 19.7 o7 (8 TeV) + 5.1 b (7 TeV)
o i — SASLEA e . @ AL R AL LB
g \ Observed Y4 oo pdf for discriminator variable E o2
— 8 o . ] . - S
2 [ fi:/=|1 Ip, = Psm  _ 14 i (my, my, Qlmyy) | T5
S [z 7 Psy+ Py PEL (my, my, Qlmyy) | S
Lﬁ 6 |:| ¥ _ SM\/Tt1, 1122, 4¢ 8
- [ z+x ro]
L . . >
i Hypothesis estimator: o
i ‘ g=-2In(L, /L) -
p= P(q <q,, 107 +bkg)

q

‘ T T | T T | T ]
qg — X(1) » 2Z ]
— Observed

T30 'a;o
2xIn(L,/Ly)

Determination
of final p value
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Q@M . Spin and P determination .9

g 0_5_ | | I | | | ] g 0.25__| T T T | T T T T T T T T T T T T I T T T T | T T T T | I__
§ - ATLAS i S - ATLAS — Background -
p I e 1 = 2 0o s=8Tev,203 o —F=0 B
© - JP=2" k=0 \s=8TeV,20.3fb . R - * om A ome eeee P_ 0O -
5 R . = - H—>WW*n=0,ep J'=0 ’
n 0.3 — — - B
- YY | <0.15-
0.2 :_ T —— — _: -
- . || ; : - 0.1—
0.1 I 1 1 7 I W
: | _‘._ : 0.05 -------
oF R
L | | | | | | | | - o AR
Cl C2 C3 C4 C5 C6 C7 C8 C9 Ci0 0 05
arXiv:1506.05669 Category
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EXPERIMENT

« Many tested models: different spin (0,1,2)
parity (+,-), Lorentz structure, production

process...

« 0* with SM coupling structure almost
always preferred to alternative hypotheses.

T

40F
30F
20F
10

-10F
-20F
-30F

ATLAS H— 77" — 4]

—e— Observed ls=7TeV, 45"

------- Expected /s=8TeV, 203 f5'

B 0 SM+ 1o

B 0'SM:26 H—> WW* - evuv

[ ]0°'SM+3¢ 's=8TeV,20.3fb'

P
+

—— NN H— vy

-:j rgc 5=7TeV, 451"
=8TeV, 20.3 fo'

q

rfrPr
"EERC .

JP =0 JP=0 JP-2r JgP-2r yPo2r yPo2r Pz
Kq=Kg ®G=0 ®G=0 Kg=2Kg Kq=2Kg

120 X —2ZZ + WW 19.7 o' (8 TeV) + 5.1 fb" (7 TeV)
B I -e-Observed ---Expected : A T
— 100 mmo +1 [ NEER

o i 0" + 26 mJS 26
:l: 80r ~0°t36 [ fx3c Lo
S 60 |
X I : S
. 40 :

of l P rt

ollﬁi ﬁ [;

_40 :

-60 :

(=2
. + 4E +8 42 42 4o 42 45 2 2 Ti4E 42 42 42 40 +2 E.:.%&
— v—<§<\l ('\l (q\l N [\ o N o\ N o\ I o\ C\l;(‘\l (\l g\l (‘\l (o I\ C\l [\l o\l @\l
fo's| gg production qq production

q distribution for O*

q distribution
alternative model
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« State completely different from SM 0* excluded.
* Now look for anomalous couplings giving mixed states.

VvV 2 VV 2

K q +K q * a *(1 x y *(1) 7« ’
A(HVV) ~ a¥V+ 1 Z;\vv)zz VZ] m%’l€V1€V2+a¥Vf}“(’ )f @) +“¥ny£ )f 2)rps

1
\ , \_'_I \_'_I
SM BSM CP-even BSM CP-odd
CMS

£
(7p)
3
iq_'a

SUSY 2015, 25 August 2015

3
+ aiww =a
Phys. Rev. D 92 012004
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S Differential distributions 2

DI MILANO
EXPERIMENT

R B B e e e B
0.8~ ATLAS Simulation

WH->yy _‘

S
C 0 0 . ECJ; C pp — H, my=125.4GeV WH>ZZr— 4 ]
* Moving beyond relative SM comparisons: 57 pio
— Event yield S O T e—
I 3 osk -
X Acceptance correction g o — ;
. . = = = = 041~ -]
— Differential cross sections and Shape distributions :
032620 5080 700 120 140" ‘1&0;4' 780500
% 1k | | II NNlLOPS+F|’Y8+X|H | N % r | | | | II NNILOPS+I|3Y8+X|H | 1 Pr [GeV]
O) E % “+=+ XH = VBF + VH + ttH + bbH ©) I -ﬁ— -=+- XH = VBF + VH + ttH + bbH |
'8_ i -¢- data, tot. unc.  syst. unc. A | -¢- data, tot. unc. syst.unc. |
- [ B Is=8TeV, 20.3 fb o102k Is=8TeV, 20.3 fb" -
Q. ko) r (] . ]
S ; AHoyy O HsZZ-4 ~ Al _l [ YHory g HozZod :
P - ATLAS pp—H S M — ATLAS pp—H ;
sl L T T
A B J] T r A
p— * 0] T P
LU S ; N ST N }I ...........
Ll ! ! ! ! ! | Loy i1 ! ! ! ! ! ! ! | |
(0/3 T T T T T g T T T T T
S 4 S 2
pd pd
% 2 o i 1 ! N ! [m]
° —p ° s —t
E 0 C | PR NS SR SR SR T SR SR S NS SR |T. | I SR T g 0 it T AT ST N ANV SN S [N NS S SN S S NN SR WS | .T. | TS IS T T Y
o~ 0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
arXiv:1504.05833 p? [GeV] p;' [GeV]
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Differential distributions 2

DI MILANO

m CMS Preliminary BN C\MS-PAS-HIG-14-028
- re) B ' - !
—_— P B —— —— 19|7fP 1|(8|Telv_) = = + Data (stat.®sys. unc.) w 9g—H (powheg+JHUgen) + XH
é B CMS ] : 10 systematic uncertainty gg—H (minlo HJ) + XH B
;> 60 — -] \Y E model dependence XH = VBF + VH + ttH 3
= o ¢ Data 4 = F 7
RS N " AMC@NLO + XH ] L i ]
= - - b
.8 50— Wi HRES + XH — N | |
8 n AWWE POWHEG + XH ] 2 1 N 3
— u - POWHEG + XH, FW=5E° GeV* ] = = 3 3 i .
v 40— ? - - - - POWHEG + XH, FW=-5E° GeV™* -] o - \ -
(h] C [ ] XH = VBF+VH+ttH ] 2 10_1 L AR |
C N o) g E
Q— | . o} E .
o 30 - g - ssdend
200" Ze 0z — = 3
o R 1 |B= - |
.‘I= K I - -c 0 1 2 > 3
o 10El 1 l . o N(jets) <4.7
-g - o CMS Preliminary L=19.7fo" at \s =8 TeV
| - C T I T T T T I T T T T l T T T T l T T T T _]
2 B 3 %) 1 + Data (stat.®sys. unc.) w gg—H (powheg+JHUgen) + XH —
Q_ T ﬁ g ; systematic uncertainty gg—H (minlo HJ) + XH E
7)) § S B model dependence XH = VBF + VH + ttH 7
0] L~
o [ = 107k .
T o 10°E 5
(o2 2 = g + =
- — o — — -
a o C ]
T (IR N :
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EXPERIMENT

Fiducial cross section R A
O - ]
— 2L CMS Preliminary .
5 3.5 A -
. = C ata (stat. ® sys. unc.) ]
Total cross section O JE —— systematcuncortany E
arXiv:1504.05833 C model dependence 7
— 2.5 w Standard Model (m =125 GeV) —
o] - ‘ _ oo H _
Q [ ATLAS \s-8TeV, 203f"  PP>H, my=125.4GeV : :
% 50_— é H—)}’V [;' H—)ZZ*—)4I x GggF+GXH GXH=3.OiO.1 pk 2:_ _:
S [ ¢ comb.data syst. unc. XH = VBF + VH + ttH + bbH 15F =
© 451 2 QCD scale uncertainty F ]
- T B QCD scale and N°LO approx. uf] 1 =
- W Tot. uncert. (scale, N°LO approx. ® - -
40 C ]
I e T ST LT EE TR R 0.5 J —
35F n 0:. L | | Lo
i + ___________________________________________________________________ 7 8 9 10 11 12 13 14
A /s [TeV]
30
25k
- g = g E
: x
- NNLO N°LO NNLO+72  NNLO+72 approx. N°LO approx. N°LO
15: | +NNLL thr. | | +NNLL thr. | | | +N°LL thr.
Data LHC-XS ADDFGHLM ABNY STWZ dFMMV BBFMR
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JP = 0

But mixed states
are under investigation

Mass m = 125.7 + 0.4 GeV

m = 125.09 = 0.24 GeV

HO Signal Strengths in Different Channels)] ATLAS CMS
Combined Final States = 1.17 + 0.17| 1.1820.15  1.00£0.14
W Ww* = 0.87155 1.18£0.23 0.8210.21
7 7* — 1,11i8:gg (S = 1.3) 1.4620.36 1.00%0.29
vy = 1581027 1.17£0.27 1.12%0.24
bb=1.1+05 0.63%0.38 0.84+0.44
rHTrT = 0.4+ 0.6 T asioms [1:44£0.40  0.91£0.28
Zv < 95, CL=95% combination | <14 <9.5

coming soon!
+ more rare decay, width measurement, anomalous couplings...
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EXPERIMENT

« At the beginning of LHC Run-2 E>|; 1:|_”,I¢I||TL,I43|H Ty
the 125 GeV Higgs boson = | seTTev.4s4r’ 2.3
. . © - 's=8TeV, 20.3 fb' A
properties appear well established: £ o'l — bserved W
— only major decay mode missing © [ - SMExpected :
evidence is bb ! )
— most production processes investigated " 3 ﬂ E
— couplings consistent with SM expectation B b ]
— JP=0* favourite against alternative b3 b E
J* eigenstates (still room for mixed states) :«.’I'.J il m
10 1 10 10°
Particle mass [GeV]

Is it another Standard Model triumph?
Approach is already shifting towards Higgs as probe for BSM physics:
* Precision EW measurements (deviations from SM couplings)
» Flavour physics (rare or forbidden decays)
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Outlook

* In the next years LHC Run-2

» Potential highlights:

SUSY 2015, 25 August 2015

will provide:
— 100 fb-" integrated luminosity
— at higher centre-of-mass energy
— ~10 times Run-1 statistics
« ~20 for ttH

— establishment of bb and 11 channels
— detailed investigation of ttH process
— precision tests on couplings and Lorentz structure

\Vs=8 TeV | +s=13 TeV

19.2
1.58
0.703
0.414
0.129
0.203

Plenty of room for new results, new ideas

...and, maybe, surprises!

Beyond run-2, see A. Perieanu’s talk on Thursday

A. Andreazza, Overview of SM Higgs boson at LHC

43.9

3.77

1.38
8.868
0.507

0.511




Only summary and some most recent papers
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Mass, Spin and Parity

« Mass

— Combined Measurement of the Higgs Boson Mass in pp
Collisions at sV=7 and 8 TeV with the ATLAS and CMS
Experiments
Phys. Rev. Lett. 114, 191803

« Spin determination

— Study of the spin and parity of the Higgs boson in diboson
decays with the ATLAS detector
arXiv:1506.05669

— Determination of spin and parity of the Higgs boson in the
WW* —evuv decay channel with the ATLAS detector
Eur. Phys. J. C (2015) 75:231

— Constraints on the spin-parity and anomalous HVV couplings
of the Higgs boson in proton collisions at 7 and 8 TeV
PhysRev D 92 012004

SUSY 2015, 25 August 2015 A. Andreazza, Overview of SM Higgs boson at LHC




Couplings

 Couplings

— Handbook of LHC Higgs Cross Sections: 3. Higgs Properties
CERN-2013-004

— Measurements of the Higgs boson production and decay
rates and coupling strengths using pp collision data at Vs=7
and 8 TeV in the ATLAS experiment
arXiv:1507.04548

— 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
Eur. Phys. J. C75 212
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 Off-shell measurements

— Limits on the Higgs boson lifetime and width from its decay
to four charged leptons
arXiv:1507.06656

— Constraints on the off-shell Higgs boson signal strength in
the high-mass ZZ and WW final states with the ATLAS

detector
Eur. Phys. J. C75 335
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Differential distributions

 Differential distributions

— Measurements of the Total and Differential Higgs Boson
Production Cross Sections Combining the H—yy and
H—ZZ*—4¢€ Decay Channels at Vs=8 TeV with the ATLAS
Detector
arXiv:1504.05833

— Measurement of inclusive and differential fiducial cross
sections for Higgs boson production in the H—4€ decay
channel in p-p collisions at 7 TeV and 8 TeV
CMS-PAS-HIG-14-028
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Rare Decays

— Search for Higgs boson decays to a photon and a Zboson in
pp collisions at Vs=7 and 8 TeV with the ATLAS detector
Phys. Lett. B732 8

Search for Higgs and Z Boson Decays to J/wy and Y (nS)y
with the ATLAS Detector
Phys. Rev. Lett. 114 121801

Search for the Standard Model Higgs boson decay to y*u-
with the ATLAS detector
Phys. Lett. B738 68

Search for a Higgs boson decaying into a Z and a photon in
pp collisions at 7 TeV and 8 TeV
Phys. Lett. B726 587

Search for a Higgs boson decaying into y* y—4£€8y with low
dilepton mass in pp collisions at Vs = 8 TeV
arXiv:1507.03031

Search for a standard model-like Higgs boson in the y*y~ and
e*e” decay channels at the LHC
Phys. Lett. B744 184
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— Search for the standard model Higgs boson produced
through vector boson fusion and decaying to bb
arXiv:1506.01010

— Search for the associated production of the Higgs boson with
a top quark pair in multilepton final states with the ATLAS
detector
arXiv:1506.05988
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Signal strength CMS
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HO J=0

Mass m = 125.7 4 0.4 GeV

HO Signal Strengths in Different Channels

Combined Final States = 1.17 £ 0.17 (S = 1.2)
— +0.24
ww* = 0871023

7z =1111038 (S=13)
vy = 1.58fg:§§
bb=11+05

7t =044+06

Zy < 95, CL =95%

 Kinematic variables in the

final state sensitive to
WW, Correlation

spin/parity of the decaying |[FEIESEEEET

particle leptons

 Test alternative

hypotheses against SM 0*

hypothesis. =
e Likelihood ratio estimator

Collins-Soper Frame

YY, use cos@ g

SUSY 2015, 25 August 2015 A. Andreazza, Overview of SM Higgs boson at LHC




Differential distributions
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Differential distributions
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