Higgs boson results
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Run 1 selected results:

* Higgs couplings combination

* Differential p; distribution in WW
Run 2 selected results:

* Higgs in yy, 4l

* ttH production

* hh production

* MSSM Higgs in tau channel

* Search for charged Higgs
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ATLAS and CMS —e—i Total Stat. [ Syst.
LHC Run 1 Total  Stat. Syst.

ATLAS H-yy | p— 126.02 £ 0.51 (£ 0.43 £ 0.27) GeV

CMS H—yy —e— 124.70 £ 0.34 (+ 0.31+ 0.15) GeV

ATLAS H—ZZ—4i | — — 124.51+0.52 (+ 0.52 + 0.04) GeV

CMS H—ZZ—4l ——— 125.59 +0.45 (£ 0.42+0.17) GeV

z

From the Planck Scale to the Electroweak Scale

ATLAS+CMS 7y HEIH 125.07 £0.29 (+ 0.25 + 0.14) GeV
ATLAS+CMS 4] I—}E—I 125.15 + 0.40 ( + 0.37 + 0.15) GeV
ATLAS+CMS yy+4l === 125.09 +0.24 ( +0.21 % 0.11) GeV
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m,, [GeV]

m,=125.09 + 0.24 GeV (0.2%
precision from Run | ATLAS+CMS)
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Higgs boson at the LHC
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Higgs Run 1 combination

CMS-PAS-HIG-15-002 and ATLAS-CONF-2015-044

Assume pf =1

ATLAS and CMS Preliminary -—ATLAS
= ecus ;
- +
— ; —*1c 'uf . (Ti . BR _ ll 5 /'[f
u e —*20 i = . . = Hi
9" —-— (7 )sm - (BR )y,
l'LVBF o
Mok * Assume 125.09 GeV for m, value
B * More than 600 categories combined
| m— * Delicate combination of correlations of
u i systematics sources between channels and the
H .
! : two experiments
m il * u(ttH) = 2.3*°7_ .excess dominated by
L1l IllllllllllIllllllllllllllllllllll I I
T B multilepton channel in both ATLAS and CMS

Parameter value

Global:

p=1.09%0 10 = 1.090:q7 (stat) *g'ga (expt) 7003 (thbgd)*poq (thsig)
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Higgs Run 1 combination

Assume =1
: Decay channel ATLAS+CMS
gt 1162013
ATLAS and CMS Preliminary - ATLAS zZZ +0.27
LHC Run 1 oMS H 1.3120.24
L _ - ATLAS+CMS H 41017
: —_ T +0.25
Nt —— o 1.1220 733
—— bb +0.29
B 5 u 0.697927
zz i, ———
" | ——
| —
: roduction process easured significance (o) xpected significance (o)
L VBF 5.4 4.7
Wi 24 27
we —— ZH 2.3 2.9
———
| : VH 3.5 4.2
" : ttH 4.4 2.0
w Decay channel
1111 I 1111 , 1111 I 1111 I | I | I 1111 I L1 11 I 1111 H _) TT 5-5 5.0
0 0.5 1 1.5 2 2.5 3 3.5 4 H — bb 76 37

Parameter value

VBF production and tt decay at 5 0 when combining ATLAS+CMS

AR P OGP (= . Gallo — Higgs Physics 4

e Planck Scale to the Electroweak Scale




Higgs Run 1 combination
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Differential p; (H->WW)

CMS-PAS-HIG-15-010

CMS Preliminary 19.4 b (8 TeV)

- e | L [ T +Differential distributions can
s - Statlstlcal uncertamty give adC!ItIOI"Ia| information on
T T | production mode

e g Systematlc uncertalnty ) _

2, 0.8418 - NN NS SN W N B SO A e Measured for first time in WW
b - Model dependence = . . .

5 channel in fiducial region of ep

. r (PowhegV2+JHUGen) + XH

0.65T 1| N m ggH--(HRes)--+-.XH--.--.--§ ............... T
aAm XH=VBF+VH

selected events

* Unfolded spectrumin
agreement with Powheg (NLO
+Pythia8) and HRES (NNLO +
NNLL resummation) predictions

o(fid.) =39 + 8 (stat.) + g (syst.) fb

Prediction from Powheg 2.0 (ggH
+XH): 4,8 + 8 b

O__I_I_l | 1 1 1 | 1 1 1 | 1 1 1 | : ] I’i ] I\I i g |
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Run 2

CMS Integrated Luminosity, pp, 2015, Vs = 13 TeV

Data |ncluded from 2015-06-03 08:41 to 2015-11-03 06:25 UTC

- LHC Dellvered 4.22 !
[ CMS Recorded: 3.81 b !

| Offline Luminosity

=
¢
.

Total Integrated Luminosity (fb ')
[
=)

Total Integrated Luminosity [fb™]

T T T 7 L T L T T T 7 LI | T T T

ATLAS Online Luminosity y{s=13TeVv
] LHC Delivered
[_] ATLAS Recorded

Total Delivered: 4.21 fb™
Total Recorded: 3.87 fb”!

0.5 -
0.0 e ”—;F : Jo.0 ——— T —
e e o 2405 21/06 19/07 16/08 13/09 11710 08/11
Date (UTC) Day in 2015

* ~2.7fb*used by CMS due to
solenoid cold-box problem

_ ox proble 13TeV/ | 2.3 2.4 2.0 3.8
* pileup~13

_ _ 8 TeV

* Increase of Higgs cross sections

at 13 TeV compared to 8 TeV
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Higgs->ZZ*-> 4 leptons

ATLAS-CONF-2015-059

. OATLAS

EXPERIMENT

* Better S/B ratio
compared to Run |

i
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AR P OGP (= . Gallo — Higgs Physics 8



Higgs-> ZZ*-> 4 leptons

ATLAS-CONF-2015-059 and CMS-PAS-HIG-15-004

> 16 _I TTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT ] TTTT | TTT I_
& b ATLAS Preliminary .* iec. (m _ 125 cov) |
w0 T EH 775 4l —a ]
Ql . I Z+jets, tt ]
=~ 13 TeV,3.2fb tt+V, VWV _
-.9 12 L v, Uncertainty —
2 /
2 ot |
8k .
r ° ]
6 B
4 ;
2
of
80 90 100110120 130 140 150 160 170

m,, [GeV]

Ng=1.0">3  afteraD fitof m,,

SM expected= 4.6 events, observation
compatible with SMinside 1.4 ¢

1 eventatm, =129 GeV consistent with
VBF topology

aR

Events / 4 GeV

CMS Preliminary 2.8 (13 TeV)
T | T T T | T T T T T T | T T T | T T T |_
e Data
14 [7] H(125)
[ aq—ZZ, Zy*
12 M 99727, Zy*
B Z+X
10

80 100 120 140 160 180
m,, (GeV)

2D fit of m,  and matrix element
discriminant to extract the signal strength
n=0.82707 .

Observed (expected) significance=
2.50(3.40)
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Higgs->yy

L B B B U SR I ATLAS-CONF-2015-060, -069

>
= : ATLAS Simulation Preliminary ]
E 0.95F- ﬁ' - - 31800: ¢ ATL,I43 Prleliminlary | H— E
c (¢ MR ¢ =S o ] N 1600 e =
S B - -0—0-.-_.__.__’_._ o 5214002— {s=13TeV,3.2fb" _z
(—g 0.9 . - i_ £1200 - m,, = 125.09 GeV —=
2 B . + i 1000 - =
= - ., i 800 [ E
o 085_— - 1 600 e data =
¢ TTE ++ . 400 - — s + b fit 3
o B E 1 200 E- - - - background, b =
o - H—yy (ggF), m =125 GeV - [ e ey
08 4 js=8TeV = 2100 £ 3
B - i S 0k - 9- E
- e {s=13TeV ] Siof ! E
07— ] 110 115 120 125 130 135 140 145 150 155 160
0 5 10 15 20 25 30 gl R
Number of primary vertices = 90— . . T . .
= gof ATLAS Preliminary — O,y m,=12509 GeV 3
] ] f AH—=yy @ H=ZZ*—41 QCD scale uncenzijnty g
* Improved photon selection vs pileup o 7OF #comb.data ©syst.unc, M TOLunGert seoROrue) |
: . . 60 ]
dependence (i.e. photon isolation), vertex o
identification with ANN 40
* Observed (expected) significance = 30
20
1.50 (1.9 0) ‘0 E
. Vs=7TeV, 451b" 3
* Cross section measured and compared to 0 (G=6 eV, " ’ .
7and 8 TeV (and 4l) S N R R TR R T

Vs [TeV]
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Higgs->yy

CMS-PAS-HIG-15-005

CMS Preliminary 2.7 b" (13TeV)
N TTTT | LI I rrri | rrri I LI I LU I Trrd | LI I rrrr I LI
g 6 +Data Simulation background SM H—yy, m =125 GeV CMS Preliminary 2.7fb™ (13TeV)
210 B jet et I oo+ TRl
S I v jet I VBF H->yy = Combined = 1o
010° vy [ VH - n
- W MC stat. uncert. |:|ttH Untagged 0 — Per Category + 1o
104 B 7
Untagged 1 P':“s,\/,
I Hies,,,. - R . |
e e Untagged 2 u= 0.69 'g::;
102 B m,, = 125.09 GeV
Untagged 3
10 ~ 7
VBF Tag 0
1 o i
VBF Tag 1
107 B B
0 0.1 02 03 04 05 06 0.7 0.8 0.9 1 T | - -
Transformed diphoton BDT classifier score T T T T
. . u
* 8 categories, 4 according to the BDT of the
diphoton, 2 VBF, 2 ttH K =0.69"47 atmy=125.09 GeV
* BDT to determine vertex of the interaction Observed (expected) significance =
1.70(2.70)
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ttH production (H->bb)

CMS-PAS-HIG-16-004

CMS Prellmlnaly 27 fb (1 3 TeV)

o L AN R R IRRR RN & T CMS Prellmlnary 2 7fb 13TeV)
P o lwmisn s gl @Y ] g prrerrroro ey
w20 > @tsb @mt+2b - ata - X 4
5 : mth, Soer | § 300 1 lepton, 5 jets, 3 b-tags ‘m" -"m -
g WDiboson. ATl unc. 3 4 [ pre-fit expectation =g::b =‘S‘:f;e oo
e, u § E o C @@V+iets [tV ]
E o 2501 @@ Diboson gATot. unc. —
Ve Yy g g I ]
L b 7 A””’»,,» E Z 200f -
b . E n ]
q 150 .
q g .
E - 100|- —
: W WP ] : .
: r . sof- 3
0 Ol.1 02 03 04 05 06 07 08 09 N 2
MEM discriminant
: , . 15 :
* probe top—Higgs coupling (Y, ~ 1) é R
« 13 different categories in H->bb according to 8§ RN Z,.7%Z
number of jets and b-jets o TS
. . -08 06 -04 -0.2 0 02 04 06 08
* New boosted category for |+jets (fat-jet), for p; BDT (incl. MEM) discriminant
of the top or Higgs >~200 GeV : . :
©op or Mgy MEM included in discriminant variable
* Exploit Matrix Element Method to separate . .
o or used in 2D fit together with BDT
ttbb from ttH in l+jets
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ttH production (multilepton)

CMS-PAS-HIG-15-008

CMS Preliminary 2.3fb" (13 TeV)

L A Y PR i

S 1o~ dimuon B |
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* * 2 __ ANk __

* Targets WW*, ZZ" and tt Higgs decays, excess i N ]
observed in Runlin Same-sign muons 5 S I S N
Signature with =23 leptons, or two same-sign leptons £ ot ]
* Identification of signal leptons from background g | %ﬁ
leptons using Boosted Decision Trees o | T

\}
wl
N

6

* Fake leptons background determined from data in N(jei 0. >25 G;V)
T

control region

Same-sign dimuon sample
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ttH production Run 2 summary

H->bb multilepton channel
CMS Preliminary 27" (13 TeV) CMS Preliminary 2.3 b7 (13 TeV)

: m, =125 GeV
: . 1.4

Lepton+Jets —e—— combined u = 0-6:_1
: trilepton

Dilepton | u= 5.8+33 =
. -2.7
: dilepton
Combined —— U= _0_53_;) ——
RN T S N R SRS v v e e s b b by
-10 -5 0 o -4 -2 0 2 4 6 8 10
Best fitu = O/OSM atm, =125 GeV Best fit w= O/OSM
i i . — . .96
CMS combined (yy+multilepton+bb) Run ll: = 0.1595 g, (0bs.), 1.00°%° ¢, (exp.)
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Double Higgs production

- e -h 1
V| 33 6% BR hh—xxyy I
(mp = 125 GeV) 5 10
WA 124.8% :
—2110'2
---h ag :
15110“'3
/'h ?:10_4
h e 4 y
A - -.\ 10°
. - .
\‘h | | | | 10®
et pb o WWo99 T ZZ v
_-h * Process sensitive to self-coupling A and to
X _ . possible new physics (X)
--.\ *In SM: 6(23 TeV) ~ 38 fb, 6(8 TeV) ~ 10 fb
S * Exploit decay channels with highest branching
*h ratios (need h->bb)
* Both resonant and non-resonant searches
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hh->bbyy

e ATLAS-CONF-2016-004
$ = ATLAS Preliminary .o Di-Higgs N
o 5:\F13TeV32fb1 ----- Single Higgs DA
% - 2-tag signal region :ggrr;tmuum Blka. : % ooF ATLAS Preliminary —— Obs. limit E
R + Data - I 20f Vs=13TeV, 3.2fp" -E:s::m:: » E
- ] % 18- [ Exp. limit ;2;;: E
o = g 16F E
- . § 14f 3
2" E E 12 E
: - 3 10F E
1_ s — R 8;_ _;
: . 3 ef E
L:; o \/ — 25.-. c e b by by b by | .-E
= + 4 * 280 300 320 340 360 380 400
8 0+ ‘+H + A my [GeV]
710 120 130 140 150 760 0
m,, [GeV] o 10 g
= [ ATLAS \s=8TeV,2031b" -
"/:r 10:_ —e— Observed =~ - bbtt exp _:
z E T Expected - WWyy exp
i bbyy ﬁnal state % E + 10 expected —— bbyy exp :
: X _
* Search for resonant production shown here, T M, 20 expected — — bbbbexp
where marginal excess (2.4 6) was reported in - ]
Run |, 5 (1.5) events observed (expected) in 10 E
mass region L .
* Combination from Run | "

* No event observed in mass regionin Run Il | L o e L L

m, [GeV]
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Double Higgs production

CMS Run | Double Higgs Combination

* Compilation of Run | final states from CMS for spin-zero resonant states

* yybb most sensitive channel at low mass, bbbb at high mass
* Set limits on radion, scalar particles in warped extra-dimensions models

17.9-19.7 o™ (8 TeV)
T T —

T
CMS ————  yybb (arXiv:1603.06896)

" Supplementary = = N
1 05 Assumes SM Higgs BR — bbbb low mass (PLB 749 (2015) 560)

and narrow width for X ————— bbbb high mass (arXiv:1602.08762)
ttbb low mass (PLB 755 (2016) 217)
ttbb mid. mass (CMS-PAS-HIG-15-013)
ttbb high mass (CMS-PAS-EXO-15-008)
=i=h=esie radion Ag=1TeV
--------- radion Ag=3TeV

—
o
™

—

-

—
o
w

— Observed
--- Expected

-y
o
\S]

WED: gg— X, kI=35
no radion/H mixing

—
o
T

95% CL limit on o(pp — X" — HH) (fb)

3
=g
3
)
)
=
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Search for MSSM H/A->TT

Inclusive search in T, Thadr ThadThad ATLAS-CONF-2015-061
%%805“'w'“w'“|““|“'w“'w'“w'“'w“'w'“
p & | ATLAS Preliminary, {s=13 TeV, 3.2 fo™
70~hMSSM scenario
M - H/A — tt, 95% CL limits

777/] —e— Observed

2 ----- Expected
// o

20

>
O
§ %// ——— ATLAS Run-| (Obs.)

40 :_ 77 sy ATLAS Run-, SM Higgs _:
mT _ \/mT(E"““ ) +mT(Em“S n) + mT(n o) - boson couplings (Obs.) ]
> R B e B L B B L = -
» 10° i Dat — ? 7
$ 0°E ATLAS Prellmlv?ary El H?Aa—> " %E 30: 3 ]
- (s=13TeV,32fb m, = 500 GeV, tanp = 25 - = S .
i) 2 HA- T [ Jet—l;t fakes - S: ]
£ 10 s ez E 20 3 W -
> [ ti, single top . C i & i
w I Diboson L S : .
108 [ Z—ee/py E 0 ; -
V7227 Uncertainty = 1 EI§ 1
------ Pre-fit background ] : ]
1 E - :

3 Eregr’| ( ||||||||||||||||||1|||||||||1|||||||||—

- = e 7 200 300 400 500 600 700 800 900 1000 1100 1200
~~~~~ E m, [GeV]

* hMSSM scenario, where the light h has

mass=125 GeV

0200300400500 600 700" 600" 900" 1000 * limits better than Run | for m,>~700 GeV
my' [GeV] and limits extend up to 1.2 TeV

Data/Pred
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ATLAS arXiv:1603.09203

9700000 b
,,,,,, H* Q.
C
©
—
00000 t
> 10— : : ————
8 . ATLAS [ Diboson [ tt & single-top
10°F _ [ Z+jets [CIMisiDj— 3
e \s=13TeV,3.21b" @ MisD e/ > T ---- H" - 1v 200 GeV (x5) ]
@ 10° I H" = v 1000 GeV (<107
T, 0 e Data _:
L%) 109F ™ lgriameoens | E
10 A -
1 3
107 e T (L l—
= 1 2 DIUnlcerltai;\'(yI + I T I
w 1.5}
PR e e & '+++*+++ |“||II
5 0.5, PR
() 0 | L ¢ L L L L i BT
10% 10°
m; [GeV]

* Search for H* with mass greater than

M, , @ssociated production with a top

* H*-> tu, and both Tt and top decay
hadronically (no e, in the final state)
* No signal observed in transverse mass

60p

550

500 3

450 .

40 ATLAS E
- \s= 13 TeV, 3.2 fb™ .

35;_ H* — tv; hMSSM scenario ]

303_ Observed exclusion -
T Runtresult - Expected exclusion J

ogp. — - Observed I+ 1o E
- ---- Expected [ ]+x2c .
Ol bv v bvv e bvv v bov v b b bv g o 19

20500 220 240 260 280 300 320 340 360

m,;- [GeV]

Values of tanf in the range 42-60 are
excluded for masses ~200 GeV, at tanf3
~60 mass values excluded up to 340 GeV

sh PLANCK 2016 e
5 From the Planck I
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Summary

* Run 1, combination gives signal strength p=1.09 + 0.07 (stat.) + 0.08 (syst.). The VBF
production is measured with a measured significance of 5.4 o, H->tt measured with 5.5 0
from the combination.

* Run 2, channels 4leptons and yy measured by ATLAS and CMS at 13 TeV, fiducial cross
sections measured. ttH measurement from CMS from 3 combined decay channels,
M=0.15"095 o (0bs.), 1.007°%° o (exp.)

* Run 2 luminosity still limited but methods for analysis prepared. Fiducial and differential
cross sections are part of the analysis now. Some Run 2 limits on new heavy Higgs states

aready competitive to Run 1

M tntegrated Luminosity, pp, 2016, /5 13 TeV Only a selection of results shown here, more in
. e
E 4007Preliminary 1400
£
3 300] Run 2016 has started.
£ a0 Expect ~25 fbby the end of the year
5 1 More results by the summer conferences, still very
TR RERCIE R PR e exciting times ahead for Higgs physics

Date (UTC)
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Backup: Run 1 combination

CMS-PAS-HIG-15-002 and ATLAS-CONF-2015-044

’\. 10_ T T T T | T T T T | T T T T | T T T T | T T T T T T T ] s 8_
3 o ATLAS and CMS 3 2 [ATLAS and CMS
ol -~ LHCRun1 == g“t:' expegted = 7-LHC Run 1 Preliminary
(% 8;— Preliminary — Tosene —; L Observed
o 7E = 6:_ ----- SM expected
E  6f E
s 5
N F E
o A =
T 8F —
Q - v/ e ]
< % oo T E
5 R ;
I OZI | \/ | 1 .:..I.hl J | Y 1"|-"|“| 1 1 1 1 | 1 1 1 1 | 1 1 1 1 :
0 0.5 1 1.5 2 2.5 3 -0'5
BR*®/BR?* norm. to SM prediction BRgqy,

From the Planck Scale to the Electroweak Scale
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Backup: Higgs->ZZ*-> 4 leptons]

RN 1 4
CMS Preliminary 2.8 (13 TeV) CMS'PAS'H'G'15'004
— 1 1 | 1 1 1 1 1 1 1 —
2 .
O] 14|~ e Data ]
< L [] H(125) .
; 12 ] 99—2Z, Zy* ]
I B B 99—-77Z,Zy*
Q N B Z+X ] . .
w 10 ! —] CMS Preliminary 2.8 (13 TeV)
: : g 1 g T T T ‘ T T T ‘ T T T T ‘ T T T g
8~ — T Ee ]
N ] 210 N\ /L 3
6 — 3 S S N 1
B ] k! L ]
4 —] 1072 T\ N =
ol ] - :
[~ I ] 1078 = E
080 100 200 300 400 500 600 800 - .
10°* = —— Observed 4e =
- ] My (GeV) - —— Observed 4u 3
2 gmﬁ""‘s""m?"f"y‘ T e ?'\S‘T?V;’ | —— Observed 2e2. ]
3 o Hei2s), ver ] 10°° —— Observed combined s
c [] H(125), other | oy =
2 10k D222 o Eoeee Expected 3
E W g9-22,2y* A = .
r B Z+X ! | | ‘ | | | ‘ | | | ‘ | | ‘ | | ‘ | |
[ 118 <m, <130 GeV | 1 18 120 122 124 126 128 130
1= =
é : m,, (GeV)
Events with 2 jets

Diet
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Backup: Higgs->yy

CMS-PAS-HIG-15-005

- 1

- CMS ,P.r?I{n."??r.y, T 27 flb ; (1,3Tev) CMS Preliminary 2.7fb (13 TeV)

q_) H_)W A : qJ _I | T 1T | T TT | T 1T | T 1T T 1T T 1T | T 1T | T 1T | T TT | I_

) B ~ All categories summed ] S i ’

= 1000=m,=125.00 GeV, {i=07 /. eighted sum : § i H—yy i

I ¢ Data . 1
lj‘>j 800" —— S+B fit sum g el N U7 W A f
% e B component g i
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Backup: yy+MET

ATLAS-CONF-2016-011

Search for new physics in diphoton+MET i.e. heavy scalar
Higgs decaying in Dark Matter candidates + h

=
|
|
|
|
|
|
=

§ 200 __ LI I L I T l. T I. L l LI I UL I LI I LI l T T l—_
DN = 180k ATLAS Preliminary —— Observed -
m - B
h X 160F H-ohyxh=vy ---- Expected 3
5 - T - {s=13TeV,3.21b" W .
& 70F ATLAS Preliminary —e— Data = 140 —
- - : T = m, =60GeV s E
7 C Vs=13TeV.3.21b" —— Signal + total bkg ] a C + 20 .
o - Intermediate Non-resonantbkg + h J 5 - B
i 50 --- Non-resonant bkg 3 S 100 =
a0F = E 80;— _;
. 3 -
30 - | 3
: O E
20 = S ]

3 Yol

— (0]

10

_IIII|IIII|II

llllllllllllllllllllllllllllllllllllllllllll
9

T e e Tae e 6o 260 270 280 290 300 310 320 330 340 350
m,, [GeV] my [GeV]

Diphoton mass for intermediate
MET, no signal found

F A PANOL I (SRSl E. Gallo — Higgs Physics spare

Scale to the Electroweak Scale




