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 Accelerator and Detectors
— LHC
— CMS and ATLAS

e Study of Higgs Properties using ATLAS and CMS data
— Mass of Higgs
— Production Mechanisms
— Branching Fractions, Coupling

— Cross Sections
e Fiducial Cross Section
e Differential Distributions

* BSM Searches mediated by Higgs
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Leptons Quarks
e, U T u, c, t
Vo, Vo V, d, s, b

Photon Gluons

Interactions by
exchange of
vector bosons

Higgs Boson

Interaction with
Higgs Field
other particles

provides mass to

* Higgs Boson predicted in 1964

* Discovery of new boson by ATLAS and CMS detector announced in 2012 followed by its
Higgs like nature confirmation in 2013

* Noble prize awarded for their predictions to P. Higgs and F. Englert in 2013
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(@ tifl" Outstanding Performance of LHC
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Gluon-Gluon Fusion  Vector Boson Fusion W/ZH (Higgs-strahlung) Top Fusion (ttH)
87.4% 7.1% 4.9% 0.6 % 2
NG SM Higgs boson theoretical production cross-section in pb  for my = 125 GeV E
gglF VBF WH ZH ttH Total <
F5.5% 12.2% 12.2% 13.1% +5.6% =
7 TeV 16.85_574@(72 1.24_3_35) 0.58_%_?33 0.34_:23%9 0.09_%09(;% 19.1 >

+9. +2.2% +2. +3.4% +0.9%
8 TeV | 214 _jsﬁf;é 1.60;%_%5) 0.70;3.35 0.42;?1% 0.13;16081‘;% [ 24.25\ =
070 170 J/0 «17/0 .0/0
13 TeV | 48.5812% | 3.78"> 1 | 1.377 200 | 0.88%55 | 0.5170% \ 55.12) 2
N -
)
7 TeV 8 TeV 13 TeV —
Luminosity (CMS+ATLAS) | ~12fb?! ~45 fb1 ~80 fb!
Cross Section 19.1 pb 24.3 pb 55.1 pb
# of Higgs (x 10° 0.23 1.09 4.41
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(@ tifl" Higgs Production Cross Sections
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(@ e Higgs Decay Modes X ATLAS
Decay Mode B.R. (%) Effective Mass Detection
B.R. (%) Resolution | Sensitivity
(%) (S/B)
H2>YY 0.228 0.228 1-2 <1
H>2Z - 4l 2.67 0.0136 1-2 >1
H>WW" > 2|2y 21.6 1.01 30 <1
HoTt*t" 6.30 6.30 10-20 <1
HD p' 0.022 0.022 1-2 <<1
H - b bbar 57.5 57.5 X <<1
H - c cbar 2.90 2.90 X X
H>gg 8.56 8.56 X X
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(@ tifr Fiducial Cross Section ATLAS

CMS

* Cross sections measured in a phase space covered by observations are
sensitive to the kinematics of production, decay mechanism, detector

acceptance etc.

 Theoretical calculations of cross sections (fiducial cross section)
estimated at par with phase space covered by experimental data
reduces systematic uncertainties on calculations

tot — Ns
A.C.B.Lint

o

fid __ Ng
Ochannel = C.L:
“~int

02 Dec. 2016

A : kinematic and geometric acceptance in the
fiducial volume

2: Branching Fraction

C : detector correction factor (reco., trigger and
identification efficiency, resolution etc.)

N, : number of measured signal events (after
background subtraction)
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Vertex ID

* Vertex assignment crucial for di-photon mass resolution ¥
IZchosen - ZtrueI <lcm H ————--- a

Photon ID .

* ATLAS:

photon direction uses calorimeter data

Shower shape, isolation

p(Y) > 25 GeV, |n(Y)| < 2.37, excluding 1.37<|n(Y)|<1.52
p.(Y,) >0.35m,, p(Y,)>0.25m,,

e CMS:

MVA based classifier to distinguish between prompt photons and fake photons
Shower shape, particle flow, isolation

p;(Y,) > 30 GeV, p,(Y,) > 20 GeV, |n(Y)| < 2.5),

excluding 1.44<|n(Y)|<1.57, p,(Y,) >0.33 my,, p(Y,)>0.25m,,

* Di-photonmass: g — \/2571 E »(1— cosa)

Backgrounds: Y-Y, Y-jet, jet-jet
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(@ tifr Run 2: Di-photon mass distribution ATLAS
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Systematic Errors dominated by photon energy scale, resolution
and background bias
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Run 2 CMS: p-value and Signal ATLAS <>
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* Observed significance 5.60 (Expected: 6.20 for the SM Higgs
boson at m,;=125.09 GeV)

* The maximum observed significance is 6.16 at m ;=126 GeV

* Observations consistent with Expected (o x BR)

7= 0954020 = 095+ 0.17 (stat.) *019 (syst.) 9% (theo.)
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(@ tifr Fiducial Cross Section: H>Y Y
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ATLAS, CMS: Selection Criteria’s
for H> ZZ > 4l

Muons: pr > 5 GeV, |n| < 2.7 Electrons: pt > 7 GeV, || < 2.47
Leading pair: SFOS lepton pair with smallest |mz — my]|
Sub-leading pair: Remaining SFOS lepton pair with smallest |mz — m|

Leading leptons pt > 20, 15, 10 GeV

50 <mypa < 106 GeV; 12 < m3y < 115 GeV

AR((;, €;) > 0.1(0.2) for same(opposite)-flavour leptons ATLAS
m(C;, €;) > 5 GeV for all SFOS lepton pairs

115 < mye < 130 GeV

Requirements for the H — 4/ fiducial phase space

Lepton kinematics and isolation

Leading lepton pr pr > 20 GeV

Next-to-leading lepton pt cCMS pr > 10 GeV

Additional electrons (muons) pt pr > 7(5) GeV

Pseudorapidity of electrons (muons) 7| <2.5(24)

Sum of scalar pr of all stable particles within AR < 0.4 from lepton <04 pr

Event topology

Existence of at least two same-flavor OS lepton pairs, where leptons satisfy criteria above

Inv. mass of the Z; candidate 40GeV < myz, <120GeV

Inv. mass of the Z, candidate 12GeV < mz, <120GeV

Distance between selected four leptons AR(4;,£;) > 0.02 for any i # j

Inv. mass of any opposite sign lepton pair My p- > 4GeV

Inv. mass of the selected four leptons 105GeV < myy < 140 GeV
02 Dec. 2016 Shashikant Dugad, CKM2016

ATLAS

EXPERIMENT |

CMS

20




( tifr

35

25

Events/2.5 GeV

20

15

10

0
80

02

30 -

2e*e

ATLAS-CONF-2016-079

IIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
- e Dat

- ATLAS Preliminary -2 o m. - 125GeV)
. * 2

L H— Z2Z* — 4l — R
- 13 TeV, 14.8fb tt+V, VWV

27, Uncertainty

N

I|IIII|IIII|IIII|IIII|IIII|IIII|I

90 100 110 120 130 140 150 160 170

m, [GeV]

ATLAS
Expected Background: 9.7 £ 0.9
Observed Events: 44

Dec. 2016

Events / 4 GeV

45

40

35

30

25

20

15

10

Run 2: H> ZZ 2> 2u'y, y'ue‘e,

CMS Preliminary

ATLAS |“2

EXPERIMENT |

12.9fb" (13 TeV

~

TTTTTTTTT

lllllllllllll]llllIIIIIIIIIIIIIIIIIIllllllll

]llll]llll]llIlll]llll]llllllllllllll]ll

e Data

[] H(125)

] a9—-2Z, Zy*
M 99-2Z, Zy*
B Z+X

CMS-PAS-HIG-16-033

WIIlIllllllllllIlIIlIIIIllIlIIIIllIl

0O 80 90 100 110 120 130 140 150 160 170

m,, (GeV)
CMS

Expected Background: 13.8 £ 1.4
Observed Events: 33
Significance:6.40

Shashikant Dugad, CKM2016

21



' 2 Fermionic and Bosonic Signal ATLAS
(L tifr S

Sfrengfh USiﬂg HQZZ*94I EXPERIMENT |

ATLAS-CONF-2016-079
N A R R I I I
= oF ATLAS Preliminary ~ |-Bestit
K 4 aF H—>ZZ* > 4| —68%CL -
N 1'85 13 TeV, 14.8 b =++95% CL .
T 1.6 e SM -
I E e E
51'45 ..... |
I _ i
?— 1__ —]
& 0.8F =
0.6 £
0.4 =
0.2 e -
O : | I | | 11 1 | 11 .:..l..L ) S I | L1 1 1 | L1 1 1 L"I’ L1 1 :
05 1 15 2 25 § .
GggH+be+ttHXBR(H — ZZ%) [pb]

4¢ +1.02
O-ﬁd comb =4.54 -0.90 fb

Ttot = 81+ pb

uVBF,VH

CMS, !

02 Dec. 2016 Shashikant Dugad, CKM2016

CMS Preliminary 12.9fb" (13 TeV)
8_ T T T T l T T T T I T T T T [ T T T T ]
- o H—ZZ* - 4l B
- my=125.09GeV 1 ™
~ . (90]
6 ... — es%CL | I
N ---- 95% C.L. ]
5:_ + best fit ERY)
- : ‘\‘ ’ SM . I
4 . 7,
- . 1 <
3 el
Coa K . E
2 -4 O
1t 3 -
O_ 1 1\‘ o :I 1 1 1 | 1 1 1 '
0 2 3 4
ggH,ttH
+1.56
uveryva = 0.91 091
_ +
Meert, tin = 1.001573
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(L tify Signal Strengths using H>ZZ*->4I YATLAS!

ATLAS-CONF-2016-081

ATLAS Preliminary m,=125.09 GeV
s=13 TeV, 13.3 b (yy), 14.8 b (Z2)

-8~ Observed 68% CL

SM Prediction

7z
(o B)ggF

-

—.—

4

—2 0 2

4 6

Parameter value norm. to SM value
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ggH

u

VBF

VH

fiH

0.40
= 0.96":0‘33

1.61
= 0.67" ),

6.36
= 1.84"70,

13.07
= 8. 41+815

v

CMS
CMS Preliminary 12.9fb" (13 TeV)
IlIIIIIIlI]IllIlIIIIIIIIIIIIIIIIIIIIIIIIII
H— ZZ" — 41
! m,, = 125.09 GeV
"
+0.33
| lJ’comb.=0'99‘0-26 8
-
1 O
"
(%))
<
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(%)
=
O
| | I I PP P P S P B A
0 2 4 6 8 10121416182022
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(@tifr H> ZZ 2 2y, yruee, 2ete

CMS-PAS-HIG-16-033 ©j4 [fb]

5.1 (7 TeV), 19.7 fb™ (8 TeV), 12.9 fb™ (13 TeV)

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
CMS Preliminary
+ Data (stat. ® sys. unc.)

== Systematic uncertainty

Model dependence

SSSSS Standard model (m, = 125 GeV, N'LO gg— H)

pp > (H—-4l)+X

_II]II|IIII|I[II|IIII|IIII

IIlllIIIllllIIIllIIIIllIIIIIllIIIIIll

|
7 8 9 10 11 12 13 14
/s (TeV)

CMS at 13 TeV
Observed 2.29*%74  _, (stat) *0-30  , (syst) fb
SM: 2.53+0.13 fb

02 Dec. 2016

ATLAS

EXPERIMENT

CMS

L R I L B
100 ATLAS Preliminary

| AH-yy 0H-ZZ*—4

" ¢ comb.data | syst. unc.

— Gy My =125.00GeV
QCD scale uncertainty

B Tot. uncert. (scale ® PDF+c.)

S, [PD]

(s=7TeV, 45f0"

(s=8TeV, 20.31b"

s=13TeV, 13.31b" (yy), 14.8fb
' | |

ATLAS at 13 TeV

10 11 12

i

00

1 <

(o)

i

o

o

LL.

2

@)

<

(V]

<

—

| <
"2z ]
s
(s [TeV]

Observed 59.0*%7 4 , (stat) *944 ; . (syst) pb

SM: 55.5*%7  , fb
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Run 1 ATLAS: Differential xSec

for H>ZZ', WW*

ATLAS

EXPERIMENT |

CMS

% :I o | T I T T I rrT | T | rrT | T | T | m I: E :I TT | LI | TTT I TTT LI LU I TTT I TTT | TTT | TTT | TTT | TT |: g Q
G 0.061 i:Tl;;S . +-data syst. unc. 1 = 3_5:_ ATLAS +ata oyst. uno. ERFE e
= o _>8 i \7J. e snar 77777] 9gg—H (MINLO HJ+PS) + X H- % - HoZZ >4 ) F7) gg—H (MINLO HUsPS) + X ? %
%I— 0.05E \s=8Te t = 20. Y gg—H (Powrea+PS) + XH ~ 3;_ \s= 8TeVI Ldt=20.3fb S gg—>H (PowreatPS) + XH _; - og/ a
~ . [ 99—H (HRes) + XH - 18 s [ gg—H (HRes) + XH E 8 s s
_8“‘ 0.04_— ====XH = VBF+ VH+ ttH —] E mm== XH = VBF + VH + {fIH E = -+ (t;
- . 2 R — 3 g = .
0.03 = - 10 E
o . 1.5 1 @ st M
0.02 E 1 g 77 2
- . 1 2 = 2
0.01— — C = J o
0.5¢ =
- 4 : : A I o
Cewadrrrdam==l~mrrtga=- IR A A o St B SO PP SR g RO STy pyp purpuge > 'O“S
0O 20 40 60 80 100 120 140 160 180 200 0 0.2 04 0.6 0. 112141618 2 22 24 & S
Q.
P, [GeV] v,
— 10¢F = 50¢
%) I ATLAS gg—H B G| cxs X Anniops.pvs = 45é ATLAS gg—H B G| cxs X Anniops.pvs E
% [ -¢- data, tot. unc. sys. unc. ; g'—HC*XS z MGS5_aMC@NLO-+PYs -— 405 —¢- data, tot. unc. sys. unc. © gLHC—XS i MG5_aMC@NLO+PYs ] q-
o0, . - S_Lrl—\:\fz—)(s SHERPA 2.1.1 § ? LHC-XS SHER:’A 211 ,: c
=T qL Vs =8TeV, 20.3fb" i 2 35F is-8 T‘iv' 20.3 b E '
Q_‘g F_ + %- * \‘ H—->WW*—evuv E '8 E H—->WW*—evuv —_
8 . I ] (o)
[- i B i
107'F E o
o
l s—>
| B ]- * 00
1072 £ = o
1%) W o
S 3 l S L
= 2 ] = I
=] d | L =] =
s 1——+Jr——*lr++r*1*er*— s
[353 [353
o« [0,30] [30,60] [60,300] o 0 [0.0,0.6] [0.6,1.2] [1.2,2.5]
Pl [GeV] ly,|
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( tifr

CMS Preliminary

Differential xSec for
H>2ZZ "and H > W W

129" (13 TeV)

ATLAS

EXPERIMENT |

19.4 fo™' (8 TeV)
T

—
Q

—
<
n

CMS-PAS-HIG-16-033
doyy /dp_(H) [fb/GeV]

—
w
TR T T T T TYTTIT T T T

*
H>Z7Z
Ratio to POWHEG

CMS

-III|IIIIIIIIIIIll/l/illllllIlllllllllllll- %‘ T """I’D‘at‘al‘I T B
1 * Data (stat.®sys. unc.) % 99—H (POWHEG+JHUGen) + XH3 % [ statistical uncertainty ] o
- — . . ] :;:;"_ Systematic uncertainty : g
r Systematic uncertainty Model dependence '8' % B odel dependence ] LID
i D XH = VBF + VH + ttH g Z #7Z ggH (POWHEGV2+JHUGen) + XH | L
L B 7 X . ;
- E © %‘ SN ggH (HRes) + XH | 9
/ 7] XH=VBF+VH m :F
1 wv
] <
4 &
B ) i (7,
- _ \ i g%
0.2 ~ AR\ 7] B
R % §N . *
0;-:—lf’lc?.'i:?;vf.‘ifl-ff“i:irti“f‘i'«‘:-’;f@'.fil'?}-wr;rv s s = §
Iz "
ekl3 g\
£ of *
i s £ - N
S ——— ] o F A \]
0 20 40 60 80 100 120 140 160 180 200 &% 20 40 60 80 100 120 140 160 180 200
p_(H) [GeV] Py GeV]
2015 data (2.3 fb!) data analyzed for H>WW*
ATLAS-CONF-2016-112
2016 data analysis for this channel is under progress
Shashikant Dugad, CKM2016 26

02 Dec. 2016




( tifr

ATLAS Preliminary Vs=13 TeV, [L dt= 13.2 b

ZH

WH

ATLAS-CONF-2016-091

Gombination

02 Dec. 2016

Run 2: H > b b

ATLAS: VH(->bb)

ATLAS

EXPERIMENT |

CMS: VBF H(> bb)

CMS

CMS Preliminary 19.8fo" (8TeV) +2.32b" (13TeV)

L LA L L L L L L B | J 7_|IIIIIIIIII“IIIIIII‘IIIIIIIIIIIIII"]IIlIIl,rl—
ot - T\ VBFH—bb ' ' ']
’ .| I —— 8TeV Observed ]
Stat. Tot. (Stat. Syst.) 1 6: --- BTZV Exs:ct:d E g
|d . —— 13TeV Observed - o
5 [ ---13TeV Expected : _‘ EID
- —— 8TeV + 13TeV Observed 1 i
F=0—4 0.15tggz ( tgjg tgjg ) _ E ---8TeV + 13TeV E)Ey‘;ected '-“l E ('D
4_:95":CL lt . - E
- 3 1 W
3__ ."‘" ’:: ] E
o +0.95 (+0.68 +0.68) _ - B i § ]
F 1 0'33—0.92 (—0.64 —0.67) C p . 4
o - =
: Il‘l ’::' ] U
1:_6%(3L o [ : .
=04 +051 (+0.36 +0.36\ — S . 'l ]
021705 (Zo3s “ozs! - :
|||| |||||||||||||||||| 0—11||11||11||11 l‘\\ a | |111|1—
0 2 4 6 8 10 -12-10 -8 6 4 -2 0 2 4 6 8
Best ft p=ol,, for m,=125 GeV "
CMS Run 1+2:
— +1.2
H=1.3"%7,
U < 3.4 at 95% CL
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( tifr

ATLAS

EXPERIMENT |

02 Dec. 2016
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CMS, !

(@ tifr Probing ttH Production Mechanism ATLAS.

 Probing Yukawa coupling between top and Higgs is very
important

— via ggF with no BSM particles in the loop

— ttH provides direct access at tree level, via associated production
of ttbar

— O3 1ey(ttH) ~ 508 fb ~ 40, ;. (ttH)

« ttH(bb), ttH(W W), ttH(Z Z7), ttH(t * T °), ttH (>yy) topologies
targeted with multi-leptons, displaced b-jets etc. in final

states
g L g o
gp A H  pee H
g QL QL g S ——
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Chs,

(@ tifr 1tH > Multileptons + Jets ATLAS T

H-> t*t (BF:6.3%) H- ZZ"(BF:2.67%) H - WW"(BF 21.6%)

b

Ve
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( tifr

ttH (= bb), ttH (= WW’), ttH (= ZZ7), ttH (= t*t), ttH (2yy) targeted

ATLAS-CONF-2016-068

ATLAS Combined (7, 8, 13 TeV): p=1.7 *%7 .

ttH(H—>yy)
(13 TeV 13.31b™)

ttH(H—WW/1t/Z2)
(13TeV13.21b™)

ttH(H—bb)
(13Tev13.21b™)

#tH combination
(13 TeV)

#tH combination

(7-8TeV,45203f07") | | |

02 Dec. 2016

ttH Signal Strength

ATLAS Preliminary s=13 TeV, 13.2-13.3fb"

—total =~ —stat. (tot.) (stat., syst.)
|| 1.2 12 402
-0.3 t1o (:.011-0.2 )
————i 1.3 07 +1.1
25 47 (L7, %9 )
1.0 05 +09
Cme 21 90 (2%
N U 07 404 08 |
18 7 (Zo4s %5 )
0.8 05 +0.7
: He-H 1.7 to.s ( i0.5 g fo.s )
i 1 | 1 1 | 1 1 1 | 1 1 | 1 1 1
0 2 4 6 8 10
best fit u_ for m =125 GeV
ttH

3l
u= 25+14

-1.2
2,17,
+1.4
n= 00—12
ee, nor
— +2.4
u= 12_23
LLLL, nor

n= 26+13

-1.1
eu, no T,

+1.3
u= 24_12

ATLAS |“2

EXPERIMENT [

CMS Preliminary 2.3+12.9 fo' (13 TeV)

m,, = 125 GeV
— combined p = 2.0 *%8

-0.7 o

(o]

<

(o)

-

O

n

(7))

<

e

n

=

o
—1 3 4 5 6
Best fit = cs/c M

CMS: p<3.4at95%CL

CMS: ttH(yy) n=1.9*13_,

Shashikant Dugad, CKM2016
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(@ tifr Run 2: ttH>bb Signal Strength

CMS-PAS-HIG-16-038

11.4-129fb" (13 TeV)

CMS Preliminary
' u  tot. stat. syst.
- 5 150 +1.05 +1.01
Dilepton - -0.04 "3 oo T1oe
: § 1.02 +0.51 +0.88
Combined 019 Tt 0l Toes
P IR N U BT T RIS N
-2 0 2 4 6
Bestfitu=c/cSMat m, =125 GeV
CMS: u < 1.5 (1.7) at 95% CL
02 Dec. 2016

Shashikant Dugad, CKM2016

Dilepton

Single Lepton

Combined

ATLAS

ATLAS Preliminary ttH (bB), \s=13TeV, 13.2 b

EXPERIMENT |

CMS

R R R I
—_— [ Ol.
Stat.
Tot. ( Stat. Syst. )
+29 , +1.4 +26
00— 46 -2.3 ( 13 -1.9 )
+1.1 , 405 +1.0
-0+ 16 -1.1 ( -05 -09 )
+1.0 , +05 +0.9
21 59 (o5 T07)
[N ENEN N E AN A A 1

IIIIII|III|IIIIII
4 6 8 10 12 14 16 18

Best fit u = 6™/c! for m, = 125 GeV

ATLAS: u<4.0at 95% CL

ATLAS-CONF-2016-080
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ATLAS

EXPERIMENT |

( tifr

®
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(@ tifr Higgs =2 1 1 ATLAS

e SM Higgs has both; bosonic and

//.\; fermionic coupling
- /
¢ “L * Higgs = t* T is most sensitive fermionic
W e | decay channel of Higgs
7 « An important channel to test SM
Leptonic tau T = hadronic behavior of Higgs
decays

tau decay . _
e Possible final states of t decay

* €€, Uy, ey, €t,, ut, T, T,
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(@tifl" Run 1 CMS: H[:ggs STt

JHEP 05 (2014) 104 CMS-PAS-HIG-13-004

CMS H—1r, 4.9 fb" at 7 TeV, 19.7 fb " at 8 TeV

ATLAS

EXPERIMENT

CMS

CMS, 4.9 fb" at 7 TeV, 19.7 fb" at 8 TeV

CMS H—m 49fb at7TeV 197fb'at8TeV

g 1 ! | | | a T ee M‘- 2.0 | | T 1 1
E _1E \\ 1o L m, =125 GeV 0.05+1.60 i H-125 GeV 95%CL
10 E' \ ,/a : " 68% CL
= 2 20 -0.54+1.38 o Best it
g 11 g — o 15 ¢ su 7]
o S ‘e 1
- 10-3 aw 30 : 0.90+1.03
\\\\\,/‘/( § Thth ________________
WL T 3 13083 | F 7T
10 4 - : et 1.0} 9’____- -
——— n i
10° —e— Observed p-value OSH055 { +
: ne !
108 = - Expected for SM H(m ) 1.010.41 sk ]
- H+LL' + I+L7, '
107 E % : -0.33£1.02
.5 Ho1r i
10-8 ' I ' 1 : | 1 0'78i9'27 0 I 'EET TN TN T A A NN TN T B TN AN A N
100 120 140 0 2 4 B0 05 1.0 15 2.0
m, [GeV .
u[GeV] Best fit u Ky

e >3.2 0 evidence for H - t* 1" decays with CMS data
« > 50 evidence for H - t* 1t decays with ATLAS and CMS data combined

* Run 2 data analysis under progress

02 Dec. 2016
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CMS

(L tifr Run 1 ATLAS: Higgs > 1+ 1 - ¥AILAS

— + o -
ATLAS —o(statistical) Total uncertainty VH% T'1
_ —o(syst. excl. theory)
m, = 125.36 GeV —ao(theory) ticonp T T T T T T T T T T T 1 —
+0.3 R : . : : . LD
~03 . L e B .

N [HoT o were 1S I L o HE ATLAS Vs=8TeV,20.3 b S

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 0.1 | : | : |
L | Boosted n=21 0.91+05 : P—-l—‘ : B 0 1 (o)
B I e B e T L : -~
—_ v w=tetilas] e Z(5I) H>tt) | 46432 ; . n
LN |7 Tev Combined)y = 0.9 1113 | |j—frt | . B § 1 38
) 8 TeV (Combined)u = 1.5°35 |03 | | = ‘ ; ~
N 57 : C—t : : Z(_>II) H(_)T{rh) 1.0£3.5 L o)
- H— Tleptlep = 2.0 (1)0 tg:g . '__' . E o
S | 1011 P T S R - . )
O  [Boosted w=30% el e Wi H : N

"""""""""""""""""" io0lios ; ; ; i —IV —TT 813. — @
E-J VBF =178 .._||_| | (=) H(>1t) | 1.843.1 a
T Mooy w-tog | HR - i 1 £
S S S — 0 A ) U I S B W(—N) H(—>tr ¥ io ..
A Y TIE IR S s e (=) H(=tt) | 1.3+2.8 : A
P R ot tats £ ool | ° — ! \ <
I__| VBF n=1.0"%z|03s | '—|_' i : ‘ : B . n ]
< H = TogThaa 11=2.0707 E(g)g | :: | Combination | 2.3+1.6 '_é_._' IE

---------------------------------- 1 R ] | I B (A R N B

|Boosted | n=seielRl | = 65432-1012345¢6 738

VBF w=tanses| o Signal Strength (u) at m,, = 125 GeV

0 2 4

\s=7TeV, 45"’
\s=8TeV, 20.3 b

* Evidence for H - tt decays at 4.50 (3.50 expected) with ATLAS data
* Run 2 data analysis under progress

u=1.43"22(stat) o5 (syst )=0.09(theor)

Signal strength (u)
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CMS, !

(£ tifr Higgs > 1 ATLAS (€

Howw 19T BTeY)
. ?3 16; 2-Jet VBF Tight —e— Data lCMS—i
* Averyrare decay in the SM (BF: 2.2 x 10%) = . Bacgrundodel
— Probe Yukawa-coupling to 2"d generation § :z E
fermions and mass dependence 8
6F -l
— Test of the Higgs coupling to leptons af % N
2f ih ©
. o % o
* Clean signature from dimuon final state = - ;;é ®3
8 oF = -
] . . ?10 120 130 140 150 60 (O =
* Overwhelming irreducible background _ M [GEV] ) =
H— p*u 19.7 b (8 TeV) <
Z/ *9 0T T T ] '\' 8
Y uu '%: :CMS —e— Observed limit ] Vv ~—
| ot Median expecte'zd.limit 1 =2 g
° AnalyS|S strategy: 01F -i1cexpectedllmlt "_i B
. . +2 o expected limit I
— Search for peak in di-muon mass spectrum goosp ] Sa
over smoothly falling background o

95% CL upper limiton cB( H -
o =}
o o
- (o]
T T
|

e Categorize events according to VBF and
ggF signature enriched

o

o

(S
I
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(@ tifr Run 2 ATLAS: Higgs 2 'y ATLAS

Events / GeV

Data/MC

ATLAS-CONF-2016-041
—— — — T > R L L BN BN B BN BN BRI B
10° ATLAS Preliminary ——Data 3 45~ ATLAS  Preliminary =
8 [ ZIy* ] — - e _ -1 4
10 \s=13TeV, 132" EEVN(IK Z+jets B 40 VBF \s=13TeV, 1321 =
107 [ Top Quarks = o =
10° DngibFO;O;w V] x 10 0 9o Dat 5
— eV] x = —e— Data 3
10° — VBF[125 GeV] x 50 30 Background model I
10° 25 Signal [125] x 20 _:
10° - = 20}t =
- == 15 —
o 10f =
1 = =
10" zé _ . ¢l TTTY®
2 = =
102 k ; : - af- =
2 E = 2K st 4 =
o B B T IR
1E E -2 t ¢ X =
st E 4 P
60 80 100 120 140 160 180 110 715 120 125 130 135 140 145 150 155 160
m,, [GeV] My, [GeV]
ATLAS Upper limit x SM
(expected)
Run 1 7.1(7.2)
Run 2 4.4 (5.5)
Combined Run 1 3.5 (4.5)
and Run 2
02 Dec. 2016 Shashikant Dugad, CKM2016
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ATLAS

EXPERIMENT | /
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CMS, !

(@ tifr Direct Search for H > Invisible ATLAS.

A standard model Higgs decaying to invisible particles
— Higgs mediated Dark Matter

02 Dec. 2016 Shashikant Dugad, CKM2016 40



CMS

(@ tifr Direct Search for H > Invisible ATLAS

* BF(~2>Invisible) > Width = Coupling - Cross Section for Higgs
mediated DM production

A2 my f,

ST _ HSS NIN
inv _ BF(H — invisible) « T Ogy = Tt Gme 4 "
H 1 -BF(H — invisible) , H
inv /12 ass? ﬁS O_SI _ /lHVV meN ,

Unlss = —(—— VN 1 67rm r——

647rmH

2 4 2 ¢2

Iy’ i 1 4m%’ iy SI A PMely
H-VV = —4—+ 12— Ty = ,
256mm? my, my, 47TA2mH (my + N )2

A2, vPmyB3
inv _ Hff f ~ — )

Visrr = “agar By = \/1 dmi/myy (x = S, V. f),

Table 11: Parameters in the Higgs-portal dark-matter model.

Vacuum expectation value v/ V2 174 GeV
Higgs boson mass mpg 125 GeV
Higgs boson width 'y 4.07 MeV
Nucleon mass mpy 939 MeV
Higgs—nucleon coupling form factor IN 0. 33+8 gg
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CMS,

3\

(@ tifr Direct Search for H > Invisible ATLAS |

T T T T T 497 (7 TeV) +19.7 fo" (8 TeV) + 2.3 fb™" (13 TeV)

Vs =8TeV, 20.3 b 0.6

BF (H — invisible) < 0.23 at 90% Cl-
! " oo |

0.4

1 10 102
WIMP mass [GeV]

o : . -
- 10 37 : B CDMS-Si, 68%GL " SuperCDMS o - —— Observed C M S ]
o 10 —J CDMS-Si, 95%CL . ?_(E)rgomoo % 18— -
© 38 """ ATLAS VBF H(inv. o C e : 3
3 ! 0—39 Higgs portal moda = 16— Median expected =
3 10 40 R E P fscalar € - -
— i3 ermion = - ]
3 10 HE XK : 7= vector 5 14 - 68% expected ]
= 1 0_ . o : ]
o - Q C ]
c 10742 S 12 95% expected -
S 1043 : _ i
o 10 . C .
© 10 = 4k i
2 — T T T EIIEAAM ) ]

S0P S e Y

oL 10 = 08

= 2

= <

L

m

o}

0.2

Combined qqH-tagged VH-tagged ggH-tagged

<{'_'1()_39 \ T L | T T L | T T L B B B —

-

(@]
A
o

4.9 fo' (7 TeV) + 19.7 fb" (8 TeV) .
+2.3f"' (13 TeV) CMS

{ B(H — inv) < 0.20 BF(H = Invisible) < 0.24 (0.23) at
95% CL

90% CL limits

ATLAS:
BF(H - Invisible) < 0.23 at 95%
e CL

10?
DM mass [GeV]

DM-nucleon cross section [cm
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( tifr ATEAS

ATLAS:
JHEP 03 (2015) 088
ATLAS-CONF-2016-088
ATLAS-CONF-2016-089

Phys. Lett. B 759 (2016) 555-574
Eur. Phys. J. C, 73 6 (2013) 2465
JHEP 11 (2015) 206

CMS:
CMS-PAS-HIG-2016-030
CMS-PAS-HIG-2016-031
JHEP 12 (2015) 1

02 Dec. 2016 Shashikant Dugad, CKM2016 43



(@ tifr Search for Charged Higgs ATLASE

* 2 Higgs Doublet Model predicts 5 scalar Higgs boson (h, H, A, H?)

* Charged Higgs can decay into tv,, tb, cb, cs depending on the
parameters of the model

— Cos(B-a)=>0 =» dominant decay into v,
— Type Il 2HDM =2»dominant decay into tb

9 > b

A
|
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(@ tifr Search for Charged Higgs ATLAS

E‘ T I T T T T I LI T T I T T T T I T LI | T L I T T T T I T T T T I T m_ V. T T I T T T T I T T T T T T T T I T T T T T T T T _I
C
= ok ATLAS Preliminary | & F 1
o ey 3 ' ‘
+ R N TP P xpected limi s — n .
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- |:| + 2 _ - ~1
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T : ; o :
g F . . {s=13TeV, 13.2 b i
o ’
T [ ] | [+ |
L H'>tb i
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Search for Charged Higgs
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(@ tifr Summary ATLAS

* Exploration of SM Higgs properties begun with Run-2 data

e Various Production mechanism and Decay modes of Higgs
have been probed extensively using Run-2 data

* Results presented using ~1/3" of 2016 (13 TeV) data

e Accurate measurements of BF, couplings, correlation
between bosonic and fermionic coupling with more data
from Run-2 would be accomplished
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Run 1 ATLAS: Signal Strength ATLAS
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(@ tifr Run 1: Combined Coupling Strengths ATLAS
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Mass: 125.09 + 0.24 GeV
Spin: 0, Parity: Even

Consistency of SM expectation
with p=1 with a p-value of 40%

Mild excess in ttH and ZH
production modes
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Run 1: Production Mechanism and

Decay Modes
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Reference channel:
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H->gama gama
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