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UCSD
* | will not put emphasis on Run 1 results that were

available since more than one year
— We had quite some time to discuss them

Disclaimers

 Will report the many latest results based on 13 TeV
data

 We had very nice Young Scientist’s talks that | will
not be able to cover

* Apologies for the contributions | may miss or not
well represent
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Tevatron LCSD

e Still carrying out precision measurements | R:Hirosky

— New Tevatron top mass combined measurement
updating 2014 result:
M,=174.30 £ 0.35 (stat) £ 0.54 (syst) GeV

— Working on update of W mass

— Continues to investigate on the excess reported in the
measurement of tt A,
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tt asymmetries at Tevatron
L ———
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Run 1 Results LCSD

* Only recall the combined ATLAS + CMS results here (talk of P. Francavilla): mass

a n d C 0 u I i n S ATLAS and CMS @ ATLAS+CMS ATLAS and CMS - ATLAS+CMS
p g LHC Run 1 - ATLAS LHC Run 1 - ATLAS
7 L -« CMS & CMS
~7r T 7 9 — 1 | . e
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¢ Many more reSUItS from Run 1 On: _1‘”_‘0'.‘5‘”8 ’ . Pa{rameter\}alue Parameter value

— SM-like Higgs-CP studies Spin/CP
CMs 19.7fb" (8 TeV) + 5.1 fb' (7 TeV) ATLAS H __;és;:ﬂjl
s W e =t %
3 %/////// 2l | /I //%2/ . q| = e
Ve T 7 " P
/L\pm e Hzz P EWW HZy b Hyy 1 HZZAHWW @ =a) 12 .—F rL.i
— All measurements agree with the SM o l I

-30F

— BSM Higgs (additional Higgs bosons and decays) B e
 Also no hints of any statistically significant excess NS ke i
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ATLAS + CMS final Run 1 results: mass <

Measurement of the Higgs boson mass ﬂ

- Mass of Higgs boson measured with <0.2% precision PRL 114 (2015) 191803

- MH=125.09 + 0.24 GeV [ +0.21 (stat)) +0.11(syst) ]

- Dominant systematics: energy or momentum scale and resolution for y,e,

1 I L T T T I 1 1 1 1 I 1 1 1] L] I T 1 L] T I 1 Ll L) L) I I

ATLAS and CMS —e—i Total 'Stat. mm Syst.

LHC Run 1 Total Stat. Syst.
ATLAS H—yy ————{ 126.02 + 0.51 ( = 0.43 = 0.27) GeV
CMS H—yy —e— 124.70 = 0.34 ( = 0.31= 0.15) GeV
ATLAS H—2ZZ -4l ' - | 124,51+ 0.52 ( = 0.52 + 0.04) GeV
CMS H—ZZ -4l e 125.59 = 0.45 ( = 0.42 = 0.17) GeV
ATLAS+CMS yy I-EF—I 125.07 = 0.29 ( = 0.25 = 0.14) GeV
ATLAS+CMS 4l i 125.15 = 0.40 ( = 0.37 = 0.15) GeV
ATLAS+CMS vy +4l == 125 09 i 0 24(i0 21 i O 11)GeV

1 1 ' 1 l 1 1 1 1 I L 1 1
123 124 125 126 127 128 129

HiggsHunting2016 - Paris - P Francavilla my [GeV] 4



ATLAS and CMS -e- Observed t1c
LHC Run 1 B Th. uncert.
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ATLAS + CMS final Run 1 results: couplings

JHEP 08 (2016) 045

Y

LHC Run 1
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(o3
As expected, correlations due to signal mix of

production modes in the analysis categories:
+ ggF VS VBF or WH VS ZH in H-vy;
and decay modes:

« TTVS WW in ttH .

With central values and covariance matrix it is possible to derive in an approximate

way all other results
Sep 2, 2016
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LHC is performing wonderfully in 2016 E

* |Instantaneous luminosity same or more than expected
* Already delivered more than 25 fb! per experiment

ATLAS CMS

CMS Integrated Luminosity, pp

w
o

Data included from 2010-03-30 11:22 to 2016-09-01 04:41 UTC

1'_,_‘ ~ I I l | | | | — 45 T T T T T 45
o C 7 —_ ~
=, [ ATLAS Online Luminosity ] 7 == 2010, 7 TeV, 45.0 pb™'
%‘ D5 = 2011pp Ys=7TeV I £ 40 —— 2011, 7 TeV, 6.1 140
Q | = 2012pp Ys=8TeV ] 235 -\ = 2012, 8TeV, 23.3 ! 135
I= [ == 2015pp Ys=13TeV ] 'g m— 2015, 13 TeV, 4.2 fb !
E 20 ——2016pp Vs=13TeV - £ 30} 2016, 13 TeV, 27.7 b ! 130
e - g 25| 125
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Max instantaneous luminosity 1.2-1.3 x 1034 cm~s*
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Status of main Higgs decay channels

* Almost all results of Run 1 are published

=
LCSD

 Most of Run 2 results are preliminary and more work is needed to

finalize

them

Runl1l:7-8TeV

Run 2: 13 TeV

Decay / Production | Untagged VBF VH ttH Decay / Production | Untagged VBF VH ttH
H->vy H->vy A+C A+C Only A A+C
H>ZZ->4l H>ZZ->4l A+C A+C A+C A+C
H2>WW-=>2(2v H>WW->2I2v Only CMS | Only CMS A+C
H>tt H>tt A+C
H->bb H->bb Only A 2015
H>pp H->up Only A Only A
H>2y H>2Zy
H->Invisible H->Invisible Only C Only C Only C

Done 2016 13 TeV data at least 1 exp
Not done 2015 13 TeV data at least 1 exp
13 TeV data not used yet
Sep 2, 2016 Marco Pieri UC San Diego 10



Measurements
of the SM-like
Higgs boson
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|ATLAS H-yy 13 TeV fiducial cross sections <,

Y. Wu Diphoton baseline region
%6000"I""I""l""l'"'I.’."
(O] . ';:9 ATLAS Preliminary
% 5000 o ":"" Inclusive
‘5 4000 —:3 packgroung fs=13Tev, 133 1"
o H-syy, m = 125.09 GeV

diphoton baseline | VBF enhanced | single lepton 3000
Photons m<li3lor 152 <in<23/ 2000
x> 035m, and pr=025m 1000
Jets 7 pr >30GeV, [y| <44 f 0115720 130 140 150 160
= mjj>4OOGeV, |ijj|>2.8 = § 00 ! + 4 T N
Ottty TN G
7 |Adyy,jil > 2.6 5 § —200kosy * : ’ : y §
Leptons . . pr > 15GeV no o w10 [Ge\‘,;’O
Inl < 2.47 "
VBF enhanced region
Fiducial region | Measured cross section (fb) SM prediction (fb) > 00T T
Baseline 43.2 + 149 (stat.) + 49 (syst.) | 62.8 ji:j [N°LO + XH] <°\3 E . g::gwm VAB:Mhize'imi"afv |
VBF-enhanced | 4.0+ 1.4(stat.) + 0.7 (syst.) | 2.04 £0.13 [NNLOPS + XH] 2 8op — Signal + background G::;Tev 33n’
. ) a2 — Signal ’
single lepton 1.5 + 0.8 (stat.) £ 0.2 (syst.) | 0.56 £0.03 [NNLOPS + XH] & 60f Hyy, m =12509GeV ]
40: ph LI
20f
L ) ¢ *e
o-..l...A....[....l....-
110 120 130 140 150 160
g 28 +§ T T Y T T + T ’. ;
§ —20’ 1 ) ’1 1. !
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ATLAS-CONF-2016-067
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- ATLAS H>yy 13 TeV differential distributions

* |n diphoton baseline region

e

UCSD

'E -V"’I'"'I"l'l'I’YI"I'I’V"IIV!II"'I ;1.5"'l"']"'l"'l"'l"'l"'l"']"'l'
= golLATLAS Preliminary my=125.09 GeV | > ATLAS Preliminary my = 125.09 GeV
oy  -¢- data, tot. unc. [] syst. unc. B N3Lo + xH S +- data, tot. unc. [T] syst. unc. - zg_)H-N1N:OOPS + XH;
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' # STWZ, BLPTW + XH S - XH =VBF + VH + ttH |
60 I I I B GoSam+Sherpa + XH - 4 .
i B Powheg NNLOPS + XH 1 k3
[ B NNLOJET + XH °
40F | -+ XH =VBF + VH + ttH |
i anti k, R =0.4, p_> 30 GeV. g
oS tgE 0.5¢ ‘ T
20k . B ATLAS-CONF-2016-067 - b ATLAS-CONF-2016-067
____________ o "*o o} 1
-‘_‘l s 2 2 2 M 1.% b-----l-'-.1-----l ------- .-l-n-.-r‘-11-:-[-1-:-145-.---’-!11-]
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LCSD

ATLAS H->vyy 13 TeV signal strengths

Y. Wu

l T T T T I T T T T l T T T T I T T T T I T T T T I T T T T l T T T T I T T
Main sensitivity from high-pT ggF ATLAS Preliminary —e—i Total
. | =13 TeV, 13.3b™
and VBF categories fs ©
) S gy =025 112
% 200i' | N L L L D e e
o - —e—Da ATLAS Preliminary ) , - +1.27
2 1o v Ba‘t’igm“"d Vs=13TeV, 133" _J uVH B ' d 1 Ko 0.23 ;%5
) E — ggna:'fBackground Hoyy, m =12509GeV 050
£ ol S Sewegmedsinst Ty 3 My — =224 1%
N 1402 eventf:gte:oriseimo I_: VBF Huer o
e, mEmeEms=ms== = 3 +0.29
120F- = Hogn e b, =059 1%
F ATLAS-CONF-2016-067 3 [ --- m  rrrmmmmmmesssssssomsommomoomo oo
100~ — +0.22
805_ _E l'lRun-Z T e “Run-Z =085 -0.20
60— = He. e Mo =117 0%
40i _: I L 1 1 1 l 1 L 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I L 1 1 1 I 1 L
- v —2 -1 0 1 2 3 4 5
20— =
0ff——t S 1 . = Signal Strength
e °F E
s E Total observed (expected) detection
3 0 - . epe .
L 4 signhificance of H->yy isabout 4.7 (5.4)
110 120 130 140 150 160
m., [GeV]

* JHEP 08 (2016) 045
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CMS H-vyy LS

CMS preiiminary 12.9 fo' (13TeV)
T A A - Significance @ 125.09 GeV: 5.60
AN 2.0 observed (6.20 expected)
_ - Maximum observed significance is 6.10
~— Observed at 126.0 GeV
Cmeced L\ T - Best-fit signal strength @ 125.09 GeV:
Expected
----- Oobs/ Osm = 0.9140.20 = 0.91 +0.17 (stat.)
AN e +0.09 +0.08
................................ “0.07 (Syst) Tps (theo.) ['A. Calderon,
116 118 120 122 124 126 128 130 1':”;?H (C;'(S;V) CMS Prellmmary 12 9 fb (13Tev L. Corpe
> FrrrrrTTTT T TETT I L L L
CMS Preiiminary 12 9fb (13TeV) (G 9000F ,':_:’17260 Gev.ic09s Al categones
T T T T ' 1 ~8000F- $ Data
B H-yy - Comblned +1c € 7000" — S4B fit
Untagged 0 _0.95 _*:_‘: —8— Per category + 10 | b 6000;_ I--i-licgmponent
Untagged 1 | 1.04 ;;; e peng | 5000;— [ ]+20o
onaggeo2 |oau s 08555 |
Untagged 3 _1'33 +:: my, Profiled | 2000%- ;O+O 14
VBF Tag0 | 1.58 2 1000E- —0.18
VBF Tag 1 | 0.04 o | S 9+8 Zg

TTH Hadronic Tag | 2.10 ;':

TTH Leptonic Tag | 1.15 **°

100 110 120 130 _ 140 _ 150 _ 160 _ 170 _ 180
my, (GeV)
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CMS H-vyy fiducial cross section CeSD
2o (L_WA. Calderon

«wo® CMS Preliminary
I 8 RERRN AN A RN R AR
Y g e 5
. . . g r L max(|n'|, [n?]) < 1.44 | Data
- Different event categorization: 3 mass £ w- T +
resolution categories. - Pz-eeme
- Event yields corrected for detector ool [ omme,
inefficiency and resolution s g
 Minimal dependence on theoretical o
modeling £
1007 | | 1?.7 fb"(|8 TeV) : 12.9 flb"(13 TIeV) 20~ b
‘_e :II LI I‘II'I L LI LI LI TTTT II: :IHIE: : - I ) I I
; x CMS Freliminary y 00 0.0‘05 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05
o 90F 4 omyl
- H- T R . .
0L 4 Dot ey 47 - Fiducial cross section measured
ol S ima09 51 A profiling my,
C - norm. LHC Higgs XSWG YR4 ) - .
- - acc. AMC@NLO . E -
601 . I N +18 - +16 +-8
50— -
1+ Theoretical prediction for m;=125.09
o E GeV
30~ 0% - R
Acfo ~30% | Ofig = 73.843.8 b
| I;I - Jél - lél - I1|0I - l1|1I - l1|2l - I1|3‘ - I1|4I I
is (TeV) 6
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ATLAS H>Z2Z2-541 13 TeV

RARR AL LAY RRARN RARRS RS LLLLE RARRN RAR
351 ATLAS Preliminary & 02 o ew Y. Wu

> :
qJ —
Q) = ]
0 - H— Z2Z* — 4l oo, E
% 30 - 13 TeV, 14.8 fb" -ilvt Y .
"E B 2 Uncertainty 1
o 25 .
b . ATLAS-CONF-2016-079 -
20 o =
s I I Clear signal
; ' above 1
10F | ' =
: ! und
5F I |f .
0
80 90 100 110120130 140 150 160 170
m,, [GeV] S
Fiducial and total cross-sections for pp=>H with mH=125.09 GeV
Measured Predicted )
) o ) : .
ol =454t 02 g o¥ = 3,074020 Measured Itngher than SM pr.edlctlon
s 2 - Total uncertainty 0(20%), dominated
0ot = 81716 pb TrotsM = 33.3757 Pb by the data statistical unc.
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ATLAS H>Z2Z2-541 13 TeV

ATLAS-CONF-2016-079

Events passing 4l selection 2 ATLAS Prefmr e W G T
S 10 ATLASPrellmlnary:ggnm
@ [HozZ >4
8 - 13 TeV, 148"
[~ Ndet=0 H H
: in 0j:
m,, [118-129] GeV 6 Higgs v.s. ZZ
| p,>30Gev | 4t
2

0

>=1 leptons i ; ; . -1-0.8-0.6-0.4-0. 204060.
—Ee | Ot || et || m<120GeV | | m>120GeV | 1-0.8-0.6-0.4-0.2 0 0.2 0.4 o:;TSZ;
Discriminant | | Discriminant | | Discriminant | | poeiminant
Just counting BDT-ZZ BDT-1j BEVEZ)VEN BDT-2jVBF 210 g7 AN
d>J |:ggF+ﬂH .
W [HozZ = in VBF:
BDT_ZZ: BDT_1jet: BDT _2jet_VH: BDT _2jet_VBE: 10 me\;\:;:bmm jets,
Pru - Py P Pri v.s. ggF
¢ My M ¢ Prjp ¢ P
+ KD= * ARy * My ° Prag
10§(MEyz,/ . An; . An 1
ME,,) + Any * Ang;
L. . m'iin(ARZi) . z:iiin(ARli) -1
Sensitive to: 0
VH gsF ggF/VBF VH VBF 10 080604020 02040608 1
BDT VBF
Measured Predicted
] O ggF+bbH+tiH * BH — ZZ") = 1. 80+ Pbl : U SM,ggF+bbH+tiH * B(H — ZZ") = 1.31 +£0.07 pb :
I over - B(H — ZZ*) = 0. 37*8 28 pb: : swver - B(H = ZZ') = 0.100 +0.003 pb |
I ovu-BH —ZZ)=0""pb I osmvh - B(H — ZZ*) = 0.059 + 0.002 pb |
h L — —-— — — -— — _ — =3 — — =3 — B — — L} _— _— —_— — — L] -— -— L] — — — — —



CMS H>ZZ->41 13 TeV ~

LICSD
. - A. Calderon
* Similar analysis strategy as Run 1 .
- — - CMS Preliminary 12.9 Ib"[13TeV)'

— Kinematic discriminant: Mz1, Mz2, 5 3 “F | . owe 1
angles from decay chain, matrix element, < 40F (4e, 44, 2€210)  — hazs .
used to enhance the signal purity of 9 b Cla9-22.2r
different production modes 5 & —fotnb

— Extraction of signal through 2D fit of m4l ~ “ *F E
and the discriminant gg/qq (D) 25F- E

20F- =
CMS Preliminary 1291 (13 TIeV) 15 f— —f
R = o B W i = = = E E
3 s 1oF E
T 1072 :i::j":::v ' = E
3 -
S0 4 800
10°® S é m,, (GeV)
10° E Maximum observed significance is 6.40 at
o0 HoZZ o ; 124.3 GeV
- T obemvedan T i Best-fit signal strength @ 125.09 GeV:
e e g = o/osy = 099193
1074 o lExpec:ted 1 y | % ’
118 120 122 124 126 128 130
m,, (GeV)
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CMS H>ZZ>41 13 TeV =

* First Higgs boson mass measurement at 13 TeV

Sep 2, 2016

-2 AInL

CMS Preliminary 129" (13 TeV)
F\: " A. Calderon
- m, .
7 ) -
R Mgy D ]
6: Mg Dinass: Diyeg E
5:— """" My, Dimass, Dhy (Stat. only) —
4 ~
3-

N\ A §
0

123 123.5 124 1245 125 1255 126
m, (GeV) 7

124.50 7032 (stat.) T5 15 (sys.)
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CMS

CMS H->ZZ->41 13 TeV

A. Calderon

=
UCSD

511" (7TeV)197be87éVL129fb’U31éV)

= 5 T L LI R IR I
) _ i
«  Fiducial volume closely matches < | ?Msf’ Qf’;@’jjﬁ{ E
reconstruction level O A ienenn  DO[O ~30%
— Minimal dependence on theoretical modeling L Model dependence |
H H . . — SRS Standard model (m = eV, N° - ]
« Maximum likelihood fit to the uncategorized SIS s moce (m =125 GV, V10 9 :
m,, distribution, assuming m, = 125.0 GeV A E
_ +0.74 +0.30 +0.01 - :
Ofia. = 2.297 e (stat.) T o5 (sys.) Ty s (model dep.) fb i ]
ks PP —(H -4l +X
SM prediction: oz3 = 2.53 +£0.13 fb N E
7 8 9 10 11 12 1(§ 14
s (TeV)
CMS Preliminary 12,90 (13 TeV) CMS Preliminary 12,9 (13 TeV)
< A R L AR R A R R R R o) C T T \ Hj
(0] 1E {  Data (stat@sys. unc) 77 ag H (POWHEG+JHUGen) + XH bl 1022— }  Data (stat@sys. unc) //// gg >H (POWHEG+JHUGen) + X E
% E === Systematic uncertainty Model dependence ] b‘g E === Systematic uncertainty Model dependence ]
= 10_1 EXH VBF + VH + tiH | 10;-\:|XH:VBF+VH+HH =
Q‘ 2
o 10 E
- o
S oo 72 L E
@ 33T i
T 2

0 20 40 60 80 100 120 140 160 180 200

p.(H) [GeV]




. A
CMS H>ZZ>4l 13 TeV, width >

. CMS Preliminary 129" (13 TeV) 16 CM'I,; f{s:l?n’u;n'a‘ (S ‘}g‘gval’(]?YTﬁ\ly)
> E r .
- 8 45 e ;n;‘:s::to 25 i 14 105 GeV < m,< 140 GeV
« Using on-shell only = 4F N ~ Observed
(105 < m4| < 140 GeV) - 3.5;— 20 12— - Expected
3;— 10~ B
1.4 25F 15 -~ my unconstrained
= 03755 GeV (68% CL) i o H
r, < 3.9 GeV (95% CL) b 0 6 T
3 5 T
05F 2
3 & _“icLT,a ____________ 1
1231235124 1245125 1255126 1265127 0 005 1 i5 2 25 3 35 4 45
m,, [GeV] Iy [GeV]
CMS Preliminary 12,9 fb" (13 TeV) 30 1 16 CMS Preliminary 12.9 16" (13 TeV)
H ARRRS AR RARAN RARAE RARLE RARAE RLAE LARRN RA ‘1.1"_
* Using on-shell & off-shell S iscevemetsocey
12~ ...Expected
My= 0.01070914 Gev (68% CL) 1 “t
= 8
Iy < 41 MeV (95% CL) . ;
- 6
é_ —95%CL .
Mass fit not —————-> £
dependent on - 0 o o ]
R« FEETI PR ERENE SRR SRR TE FRE R RN A
the mass range 123123.5124124.5125125.5126126.5127 % 0.010.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
my, [GeV] ry,[GeV]
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Events

Data/Expected

H->WW-2I2v

=
LCSD

Both experiments are working hard but analysis is more complicated

than yy and ZZ

ATLAS and CMS analysis on 2016 data are in progress

Only results from CMS based on 2015 data shown at Moriond ep in

the 0- and 1-jet channels

CMSPreI/m/nary L=23/fb(13 TeV)
350 DY Fake
tW and tt ww
300 VWV VZ/y*ly
[ ]Higgs + Data
250 Systematics !
200 . ﬁ
0-jet _
150 - L i d 3
F o 2 4-;..., 1.1 3
1ooﬁrﬁ' =t ]
50 e ¥ ol R
C SR e OO S
T .| e | I s a2
Wl S — - P T T -c
08 ottt R S Sz < e
06 A . St —
50 100 150 200
m, [GeV]
Sep 2, 2016

A. Calderon

o Anélysis strategy:

— Using 0-jet and 1- 0]et categories only
for now (2.3/fb 2015 dataset)

— Perform a 2D fit: mll vs. mT

> Results with 2015 data:

 Significance @ 125 GeV: 0.70
observed (2.00 expected)

» Best-fit signal strength @ 125
GeV: 0.3 £ 0.5

Marco Pieri UC San Diego 23
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ATLAS VH H->bb

pT'<150 GeV pTV>150 GeV
2jets =3jets 2jets 3jets =3 jets
O-lepton - - BDT BDT -
| -lepton - - BDT BDT -
2-lepton BDT BDT BDT - BDT

—> WH

C
M
W
)

o S . —————— o » S S——
- " ~o- Data

ps ATLAS Preliminary et s ATLAS Plolnmnary - S 1000} ATLAS Preliminary - VHRY) it ) ]

- f5=13ToV fLan=132m" = Otoscn . - 5=13TeV Lot = 132" Sooes @ F =13 TeV fla- 132" — ]

g lep., 2 jets, 2 tags == Singe top . § 2lep., 2 jots, 2 tags < 1lep., 2 jots, 2 tags s Sing'e fop

> v - W cch) ] 1 < v 2 150 GeV C Muttiet

w P} = 150 GeV -z-anumm o W B00— P, = - Wedbbocohl)
QW 2 -Jl.mm»
Pn-ﬂlb-dn.mund cee+ Pre-fit background ]

O-Iepton o |-lepton

|

post-fit

-
LS )

bt g ﬂdm—t* A, —-? jk’%

Bi12f 1 'TL
G b Lﬁf WL‘..M+:+-
§048 ‘.“ “‘j - + E 1 1 A | L

-1 -08 -06—04 -02 0 02 04 06 DBB 1 -1 08 06-04 02 0 02 04 06 %BT 1

W w

Data/Pred.
=
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X
ATLAS VH H-bb results LCSD

E. Shabalina , o o
Systematic uncertainties of similar
ATLAS Preliminary Vs=13TeV, [Ldt=1321b" . . g
L I B e B Size as statistical ones
_;:; Tot. ( Stat. Syst. )-
2 lepton - —e— -0.243 299 (+054 +02%)
( N
Viephon [~ et 0252052 (“064 “067) VZ fit result
Olopton | et 047+37 (332 +04) - nyz = 0.91 £ 0.17(stat) 032 (syst)
combination - ot 021031 (+038 +03) _ significance obs (exp) 3.0 (3.2) SD
0 2 4 6 8 10 9 y
Best fit u=ol/c for m =125 GeV
‘Q 10" I BAAAS RALAS RARAS RASSS RASAS BALSS RALLE LA S Tr T
% . ATLAS Preliminary -+ Data . .
g (6=13TeV [Lot- 132"  EEVHOD) (1=1.0) significance
: e obs (exp) [0] H
= b bcce) 0.40
bt ATLAS run | .4 (2.6) 0.5170 37
ATLAS run 2 0.42 (1.94) 0.21+2:3¢
CMS run | 2.1 (2.5) 0.89 + 0.43
ATLAS+CMS run | 2.6 (3.7) 0.7012-2°
R U SIS e w
:3_ ) N TUTPTTIEES CRygy TOUTT FOTIT FOT PUUT FRUUT TP L
<4 35 -3 25 -2 <15 -1 05 0 05
log, (S/B)
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CMS VBF H-bb D

* Analysis strategy is the same asin Run 1
oo S 13 TeV results (2.32 fb-1 of 2015 data)

>
[0} C
O] 2000F . « Data
S i, oingleB [ gime u = o/ogy = -3.7 (+2.4, -2.5)
@ 1600F s ---QCD . . )
e T, CAT-1 mabowm Run-1 + Run-2 Combination:
S E = o bkg. unc.
W 1200F e _ _
- o, u = o/ogy = 1.3 (+1.2,-1.1)
800 <
600F , l l CMS Preliminary 19.8 fo" (8TeV) +2.32 fb™' (13TeV)
o 100 _I 7_I T | T I T TT |“I TT | TT Il|| T | T TT | T T "' T | T |,ll_
I , c ~ | VBFH- B ° . L]
' [0 =SSP P S gy npy i) e g P S -_ - - " .
o 1 | —— 8TeV Observed P
S 50 # < 6 - --- 8TeV Expected D
B T R VN —Ta0 200 C}I - — 13TeV Observed D]
my, (GeV) 5F " 13TeV Expected ]
- — 8TeV + 13TeV Observed ' —
CMS Preliminary 2.32fo' (13TeV) [ ---8TeV + 13TeV Expected ! ]
> g CAT5 - p 1
©  5000F 4| 95% L _]
(O] r ¢ Dat = — —
o 4500:_ DOU bleB (mi:i125GeV) - -
2 F ---- Bkg. - -
4000 ---QCD = 4
é E &:..;4 CAT_ 1 [ 26 bkg. unc. 3 __ ]
35001 ot [ 1o bkg. unc. B i
g o e Run- :
3000 s 5 L i
2 1 T ]
o L i
"'(IB - | | | -
(OU 0 11 111 11 11 1 Il

\‘I~ A | |
-12-10-8 -6 -4 2 0 2 4 6
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ATLAS VBF H-bb (plus photon) =

O Require high pr photon in the final state

O provides a clean signature for efficient triggering

, 0 gluon-induced component of non-resonant bbjjy is
b suppressed

b O destructive interference further suppresses central
W photon emissions

0O Dramatically increases S/B in VBF mode

2 ATLAS Preliminary —— Data :
© Vs=13TeV, 126" mum?sy(000) |
= o High BDT = Nookes Bkgd upper limit @95% CL obs (exp) U
€ —— Uncertainty B
& % E ATLAS run | 44 (54) |-0.8+23
40 Mpb 4 . +2.8
" . ATLAS (VBF withy) run2 | 4.0 (6.0) | —3.9°3;
. CMS run | 55025) | 287035
10 CMS run 2 3.0 (5.0) | —3.77%2
3ol ] CMS run [+run2 34(22) | 1.3112
@ 02 1
g%
£ 02 -
S-03 1
60 80 100 120 140 160 180 200 220 240

My, (GeV] [ Z+y measurement with the same signature]

deficit of event 125 GeV it _
ehci ir?h?grfgg{]f;gion e obs (exp) limit: 2.0 (1.8), n=0.31£0.8
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ATLAS ttH multi-lepton oo

Great interest in ttH because cross section increases at 13 TeV by a
factor 4 (similar increase for main BGs)
Best-fit [,y 2.5 + 0.7 (stat) ¥ g (syst)

- Main systematic uncertainty: fake backgrounds, jets, pile-up E. Shabalina
- Observed (expected) significance to non-ttH hypothesisis 2.2 (1.3) c :
comparable to Run 1 significance in the same final state: 1.8 (0.9) &

Phys. Lett. B 749 (2015) 519

Observed (expected) Upper limit on L., (95% CL) is 4.9 (2.3)

ATLAS-CONF-2016-058

ﬂ T T T T T T T l T T T T l T T T T I T T T l T T T T I T T
< 90 = B o e
& "I ATLAS Preliminary + Data B (TH (u-25) ATLAS Preliminary Vs=13 TeV, 132 fb"
w - 4 CJrw @y
80¢ . [T Diboson [ Non-prompt ] —_
Post-Fit B oo WOt ] tot. stat. tot (stat, syst)
or 7/ Total Uncertainty ' 2¢0Thag [P 4.0 +12; (+11 12 , +11 :';')
60}
v 201 Thag +36 +28 +23
s0f ha F—e—= 6.2 7,7 (53, 33)
“of 30|  pels 05 *7 (+12 +12
1l B v 16 (—1.0’ —1.3)
(V) 20 277 R Vs
4| - < 2.2 (68% CL)
,,,,,,,,,,,,,,,, === mrmmrTm T emmmm T mTmmmTmTmTmeTaA
] | inati +1.3 +0.7 +141 |
] ICombmatlon | F-eo-- | | 25 _11.1 (4).7 '1 _0.9) |
L ----- o— -_— -5- L} -10- -_— -1§ L} -22 -_— -2-5 -I

best fit B’ for m =125 GeV
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ATLAS ttH H->bb

O Event selection ﬂ
(b)
(5)

O Single lepton channel: 1 lepton (e or p), from 4 to 26 jets with 2 to 24 b-jets

O Dilepton channel: 2 opposite-sign leptons (ee, py, ep), from 3 to 24 jets with
2 to 24 b-jets

ATLAS Simulation Preliminary
1s=13TeV, 132"
Single Lepton
2t4),2b 2/4j,3b 2i4j,24b
S/B = 0.0% S/B = 0.3°/o S/B = zm
i - ®
o ! w ! o 1!

g — o I o I |

215j,2b 215j,3b 215),24b
SB=0.1% S/B = 0.6% S/B = 3.6%
- - -
o ! o ! o O Categorise events by jet and b-jet multiplicity

' m R O take advantage of low S/B regions to constrain
0 0 0 systematic uncertainties

O maximise sensitivity by separating regions with
different S/VB Y Y SER eree
O Build MVA discriminant to separate signal
from background in signal-rich regions

26j,2b 2/26j,3b .26),24b
SB=0.1% SB=13% S/B = 5.2%

o I o.
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ATLAS Prehmlnary ttH (bb), \s = 13 TeV 132fb1

ATLAS ttH H->bb

Uncertainty source

bttt A At B
— Tot.
Stat.
Tot. ( Stat. Syst. )
) 029 014 426
Dilepton —_ e — 3 (-
+1.1 ;405 +1.0
Single Lepton| e- 1.6 1.1\ 05 -09
+1.0 ; +05 +09
Combined| e 21 59 ( 05 07)
0 2 4 6 8 10 12 14 16 18
Best fit u = a™/o™ for m, = 125 GeV
o e
© 10°EATLAS  Preliminary 4 Data
@ E s 1 i -
g - 1s=13TeV, 13210 tiH (o, =4.0)
2 10°k Mt (@ =2.1)
[C]Background
77 Bkgd. Unc.
10°E --- Bkgd. (u=0 fit)
10°
12 -tiH (bB) Combined
- Dilepton and Single Lepton
.. Post-fit
. sdaaaala T FFTTEFTETE TETEE W
g 2
o 15t
& @[5 8 25 =2 485 1 05

tt+ > 1b modelling K e

et Havour tagging . 20
tt H modelling +0.32  —0.20
Background model statistics +0.25 -0.25
tt+ > le modelling +0.24 -0.23
Jet energy scale and resolution +0.19  —0.19
tt+light modelling +0.19 —=0.18
Other background modelling +0.18  —0.18
Jet-vertex association, pileup modelling +0.12 —-0.12
Luminosity +0.12  —0.12
ttZ modelling +0.06 —0.06
Light lepton (e, ) ID, isolation, trigger +0.05 —0.05
Total systematic uncertainty +0.90 —-0.75
tt+ > 1b normalisation +0.34 —0.34
tt+ > le normalisation +0.14 —0.14
Statistical uncertainty +0.49 —0.49
Total uncertainty +1.02  —-0.89

significance
obs (exp) [0]
ATLAS run | 1.4 (1.1) 1.5 + 1.1
ATLAS run 2 2.4 (1.2) 2.1759
CMS run 2 (2.7 o) —2.0+ 1.8




ATLAS ttH combination ~

LJCSD
- ATLAS-CONF-2016-068

—r—— e ——
ATLAS Preliminary 1s=13 TeV, 13.2-13.3 fb"
—total ~stat. (tot.) (stat., syst.)
tH(H-yy) | Pt M2 [ 412 402
(13TeV 1331") 03 Lo (5o %02 ) Channel Significance
tH(H—-WW/tvZ2) —e—i—i 25 *13 (407 411 _ Observed [o] | Expected [o]
(13TeV 1321") tH, H— v —0.2 0.9
ttH(H->bb) et 21 %0 (92,%97) tH, H— (WW, 77, 2%) 2.2 1.0
(13TeV1321") ttH, H — bb 2.4 1.2
ttH %%"}‘3",‘)‘3“0" - 1.8 2; e 08 ) ttH combination 2.8 1.8
ttH combination e - 1.7 08 (02 M
(retev.as203m), . | o, f (A_?'sl .—0.16‘)
0 2 4 6 8 10
best fit ho for m =125 GeV
NN~
ATLAS Preliminary 1s=13 TeV, 13.2-13.3fb"
significance u
(3TN 19500 obs (exp) [O]
e | ATLAS run | 233(1.53) | 1.7+08
(13Tevi132n")
. | ATLAS run 2 2.8 (1.8) 1.8 + 0.7
(13Tevia2m')
B Expected (u0) + 10 +1.0
ttH Combination| B8 & | seees Expected (u=0) + 20| CMS run I 3'4 (|°2) 2.8_0’9
{13 TeV) v +07_
1 Combinaton ' - ATLAS+CMS run | 4.4 (20) 2'3—0.6
(7-8TeV, 452030 :

95% CL limiton p __at m =125 GeV
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CMS ttH, H>yy =3

A. Calderon

o ttH(yy), through H—yy event categorisation

— small branching ratio, but very clean final state (small systematic uncertainty)
— tagged H—yy categories selecting hadronic and leptonic top decays

L B e e s e T
I I I

7 H=1.9*15 ., (2016 dataset)
- Hoyy ]

121~ M,=126.0 GeV, [i=0.95 TTH Hadronic Tag - CMS. Preliminary

CMS Preiiminary 12.9fb™ (13 TeV)
FrrrrprrorpTTT TTTT T rprTTTT

12.9fb" (13TeV)
—————

Events / GeV

- { Data . ‘ ' R
10f — S4B fit - Hoyy - Combined + 1o
o e B component
8H EEtic - —#— Per category * 1o
» ]
[ |:| i2 o T N [N N 1
° Z- ] +0.25 M_MSM
MggH 0.77 -0.23 _ 0 95 +0.21
ucombined - -0.18
_ m,, Profiled N
ol 1.61702 =
e l"l’VBF 6 0.8 HVH 1
8E
6E = [ T
4 =i
2 19142
0 Hin 12
2 3 \ | ! !
“f00 710 720 130 140 180 160 170 180 -2 0 2 4 6 8

my, (GeV)

g =3)
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d
~ . NN p WS Preliminary 12916 (13 Te)
ttH(multileptons) targeting Higgs 2 | T s
decays to WW*, Z2Z*, tt @ e
— lower rate, low background multi- : S

lepton final state

Further categorization based on lepton
flavor, presence of b-jets, hadronically-

decaying 7, lepton charge

The signal is extracted via a 2-
dimensional fit to the BDT
discriminators.

Dominant S\éstematic uncertainty: non-
ground estimates in some

prompt bac
channels.

CMS ttH multi-lepton

T 1Flips

Data/Pred.

BDT (ttH,t/ttV) bin

Events

Data/Pred.

=
LICS

A. Calderon

CMS Prefiminary 12.9 b (13 TeV)
21 | aan S LN LERR R R R RN LR RN R

Postit. [i
-¢-Data
I ttH
mTTW
mTTZ
mwz
[CJRares
N Fakes

0.5F 3

05 1 15 2 25 3 35 4 45 5 55
BDT (itH, t/ttV) bin

» Observed and expected asymptotic 95% CL upper limits on and best t value
of the signal strength (2015+2016 datasets)

Category Obs. limit Exp. limit +1¢ Best fit  £1c
Same-sign dileptons 4.6 1.7799 45 2.7t 0
Trileptons 3.7 23712, 1.3712_,
Combined categories 3.9 1.47% o4 231707 4
Combined with 2015 data 3.4 1.3106_4, 2.0108_,,

Sep 2, 2016
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CMS ttH H>bb with 2015 data

95% CL upper limit on u

Best fitu=-2.0 £1.8 2.6 (3.6 exp.)
CMS Preliminary 2.7 o7 (13 Tev) CMS Preliminary 271" (13 TeV)
’ 555 Expected +16
A e [ e Expected +26
Lepton+Jets S Lepton+Jets = Observed
Dilepton = Dilepton
Combined — Combined
1 1 1 1 | 1 1 1 1 I i 1 1 1 I
-10 -5 0 5 1 10
Best fitu =o/c__ atm, = 125 GeV 95% CL limit onp =o/c_ at m, =125 GeV
am H SM

Summary of CMS results

- ttH (H>bb) ttH (H->vy) ttH multi-lepton

+1.5 +0.8
-2.0£1.8 1.9 "1 2.0 1V
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ATLAS H->pp

O Analysis strategy

O split in categories with different S/B
O VBF category defined first using MVA discriminant

c
®)
W
)

i :g.; ATLAS Probminary ..r..,.'. ' - new in run 2: ~10% improvement of sensitivity
Wi (GenTd R . O therestis split into 6 categories in muon n and pr(up)
0 to take advantage of different dimuon mass resolution
10° g . . .
e 51.3% (2.4%) eff O Signal extracted from simultaneous fit to
10° . . () . . . . .
e for VBF signal my, distribution in 7 categories
u: (total bekg) ;& AR AL LS RS RS A
. : 5 - ATLAS Preliminary — Observed 5
10¢ ' = [ 1s=13Tev,1321" ~-Expected
e ; 1 -t‘l o =
156 ' E & = Houp 20 3
- e o C ---- SM Higgs ]
05E . E X L 1
02 0 02 04 o5 oawmj 2 10 N
o E ‘ l 3
E . ]
> SRR AARAL AR ASAAL RSN g = - -
&  45( ATLAS Preliminary 3 - N R e
é 40f- VBF \s=13TeV, 132" 3 3 10 e 3
£ asE 3 ) E T 3
o 8 —e— Data 3 e o tays - NP TNPEPPN PO T
30§ —— Background model 3 115 120 125 130 135 140 145
25 — Signal [125] x 20 3
4 Ge
20; E m,, [GeV]
15F- 3 upper limit @95% CL obs (exp)
10f- E
sE- \G ATLAS run I+run2 | 3.5 (4.5)
0: ala P - ds ‘.4
af 3 ATLAS run 2 4.4 (5.5)
S Shathatitt it e st b bk
2 CHNHHY T TR ATLAS run | 7.1 (72)
A v
-4F t 3
110 715 120 125 130 135 140 145 150 155 160 CMS run | 7.4 (6.5)

m,, [GeV]
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ATLAS vy + ZZ combination

—e—— Combined Fito

=
LCSD

Y. Wu, D. Gillberg

Observed local
significance for total
Higgs production: 10c,
for VBF-only: 4o

Combined cross-section agrees
better with prediction

Total unc. ~ 18%
Similar to the precision at 8 TeV

12

-e- Observed 68% CL | SM Prediction -e- Observed 68% CL | SM Prediction
cggF L
GVBF/ ——
O\hhad ———
] L
- Individual "~
— - assume SM Br
. oXxB- .
top ——
———
l Ll Ll A1 . Ll l L1 l 1 lllllllllllllllllll]xllllllllll I 1l l AAALALLL
4 -2 2 4 6 5 4-3-2-10 12 3 45
- AL SEIUMAME R e ]
& 100k ATLAS Preliminary — G,y M, =125.09GeV ]
31E | A H-oyy 0H-ZZ*-4l QCD scale uncertainty J 1
b& 80_— ¢ comb. data syst.unc. ' Tot. uncert. (scale ® PDF+a,) .
I ATLAS-CONF-2016-081 ’ i
[ Vs=7TeV, 451"
- Vs=8TeV, 203" |
o \s=13TeV, 133" (77), 148" (Z2*) ]
7 8 9 10 1 12 13
31/08/2016 Vs [TeV]
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ATLAS yy + ZZ combination CSD

ATLAS Preliminary m,=125.09 GeV
First fits with simplified (s=13TeV, 13.3 107 (yy), 14.8 b (Z2)
temp|ate Cross sections -8~ Observed 68% CL SM Prediction

o=

(+) | bbH -

a
e
o) @
@ @
m M
|
|

(Runi-like) B 7

= ' y
—b B |

(G-B)Q?I;F —
—.[H+ Tad V] : :

(H + leptonic V) (c -B)” &
VH

VHlep ®

e —

¢-B
(+) tH TSI AU T N A NN A S AN A BN A
—4 —2 0 2 4 (S
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Diphoton excess at 750 GeV E

e Lot of excitement and lots of work from both
experiments during the first months of the year,

until ICHEP R. Covarelli,

K. Grevtsov

e Some excess was observed in 2015 data

— 3.9 0 ATLAS at 750 GeV (3.4 at 734 GeV after
reprocessing)

— 3.4 sigma at 750 GeV CMS (combined with 8 TeV)
— Global significances below ~2 sigma
— Mass was the same at Moriond

* No excess seeninyyin 13 fb?! of 2016 data and all
related channels (e.g. Zy) and limits derived
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Born in 2015; deceased in 2016

277 (13 TeV,3.8T)
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750 GeV: Summary for Discussion
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BSM Higgs searches

e Searches for BSM physics in the Higgs sector
— BSM decays
— Direct searches for additional Higgs boson

— Higgs properties modifications (non SM couplings, CP
studies, Higgs width) from SM-like Higgs bosons
measurements
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CMS LFV decays LCSD

 Some small excess (~2.40) in H->ut was reported by CMS in Run 1

* AsinRun1 pt, and ut, are analyzed (2015 data only)

pr, 0 Jets
1.32% (exp.)
2.04% (obs.)
pe, 1 Jet
1.66% (exp.)
2.38% (obs.)
wr, 2 Jets
3.77% (exp.)
3.84% (obs.)
we, 0 Jets

2.34% (exp.)
2.61% (obs.)

L 1 Jet

2.07% (exp.)
2.22% (obs.)

ut, 2 Jets

2.31% (exp.)
3.68% (obs.)

H-ut
0.75% (exp.)
1.51% (obs.)

e, 0 Jets

+0.86 ¢
0.87 0859%

wt, 1 Jet

0.85 o
0.81 10859

pr, 2 Jets

158
005 18 %

[ 0 Jets

1.20 o
041 5 209%

e, 1 Jet

1.03 o
0.21 f‘us %

[ 2 Jets

116
148 11169

CMSs ———— '1?.7‘ft|:"|(8|Te|V)
.o ® Observed
[ X Expected |
. -Expecteditcr
[ \:]Expectedt% |
.
EX
EN
= -
I .

PRI SRR RRRRI RIS RIS R
0 2 4 6 8 10
95% CL limit on B(H—ut), %

cMs____ ImeTw

—_—————

H-ut

1039
084 10%99%

-1

e b bt b b b by
5-1-050 05 115 2 25

Best fit to B(H-ut), %
Sep 2, 2016

D. Taylor

13 TeV

. CMS Frelimina 231" (13 TeV
230fb1(13Tev) |:‘|||’|,|ry||||||||||||||||(|||)
% 30 T CMS rreiiminary —e— Data p, urhad’ 0Jets| |
L i . o ' )1
(0] C g ] Post-it background unc. 4.17% (exp.) :
0 r ut, 0-Jet [ sMm Higgs 4.24% (obs.) : ® Observed
r [z — E —
T 25 n = z_;[ M 1 Jet ! X Expected
..(e r [ K 4.89% (exp.) : X o I:l + 1 std deviation
c r ]
§ 20- - 6.35% (obs) | | [ ]+2stddeviation
w : \: Misidentified leptons HThads 2 Jets !
: === LFV GF Higgs (BR=1%) 6.41% (exp') E X ®
15— = LFV VBF Higgs (BR=1%) 7.71% (obs.) :
L — 8 TeV [Phys. Lett. B 749 (2015) 337]:—|
C ut , 0 Jets :
e '
10 C 2.24% (exp.) E. X Observed
L 1.33% (obs.) E ------- Expected
sk e, 1 Jet :
L 4.36% (exp.) | eX
L 3.04% (obs.) :
0_ [ l.lTe, 2 JetS H
15 g 7.31% (exp.) 5 X o
Q| 05E 8.99% (obs.) '
i@ o @i H—urt E
o E S '
8 -0.5F l HH+ ] ot T 1.62% (exp.) ,#F
g I I 120% (obs) |, |
L H HE NN | ) I | I ) - I Ll 11

cl.

50 100 150 200 250 300

collinear Mz, ) (GeV) 0 5 10 15 20 25

95% CL Limit on Br(H—ut), %

No excess observed but previous excess not excluded yet
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* SM BR(H = inv.) ~1.2e-3 D. Taylor
H- 4v

CMS Higgs invisible decays

VH

VBF a H
. . -1 -1 -1
. Ded|cated VBF tr|gger o o 4910 (7 TeV)+Sl19.7fb (8TeV)+23fb (13 TeV)
o F  _.__ ]
* Large n separation 2 18F Observed CMS 1
(o] T mmmeen . . . B
. High dijet invariant mass E 1ef Median expected Preliminary -
5 14 - 68% expected =
Q C .
3 12 95% expected 3
3 I -
2 osf
Z F
. . T 0.6—
Combination of several T E
. o e
analysesin 7,8, and 13 TeV X os

|

Combined VBF-tagged VH-tagged ggH-tagged

Combined: BR, <0.24 (0.23) at 95% CL
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ATLAS Neutral Higgs searches: HIA>TT  ~

* TooThog ANA T, T, ChaNNels (they dominate the sensitivity at high mass)
« b-tag and b-veto categories. High-E™* category also used for t_ 7,
« M variable used in both channels »y* = R CERS 1) 4 m2(EDS 1) + md(r1,m2),

» Backgrounds:
multi-jiet and W-jets/top estimated with data-driven methods.

L ]
Tlep’chcd
* T oo mulh-Je’r and fake taus in other backgrounds: data- drlven me’rhods
T [ LA LI A 5 [ LU ] 2 [ ]
ro% ATLAS Prel rnmary —— Observed ro¥ ATLAS Prel mmary _— ODserved % ATLAS Prel mi nary e Observed
x10-H/A-.ﬂs;s%cumns - Sppected :10—H/A—on959’CLimlls —_— et H/A — Tv, 95 % CL limits ~=~ Expected
F E {5=13TeV, =133 " -;2“ 3 F E {5=13TeV, =133 1" -’& 3 10°F s=13TeV, =133 1" T E
< I gluon-gluon fusion 7 2015,3.2 1" (Obs.) ] < - b-associated production  — 2015, 3.2 b (Obs.) ] F hMSSM scenario 12015, 3.2 o (Obs.)
I T i C 2
I T
o o
X X
© o
10
107" 107"k ]
[_] ATLAS Run1, SM Higgs
boson couplings (Obs.)
o mw(Exp)
102 10-2_ -- wm(Exp)
PRRETSRET S ST T S S S S S SN C PN BTSN | : N Y
200 400 600 800 1000 1200 200 400 600 800 1000 1200 300 500 1000
m, [GeV] m, [GeV]

m, [GeV]

ATLAS-CONF-2016-085 results: both model independent and MSSM scenarios:

« ggH limits: 2.0-0.013 pb for m,=200-1200 GeV
« bbH limits: 2.1-0.014 pb for m,=200-1200 GeV
* ATLAS also reported the results of the search of H/A->tt based on

Run 1 data and taking into account the interference
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ATLAS Charged Higgs searches =

UCSD
+ + . . .
H* ->tv H*->tb L. Fiorini

MmO = : :

c F \\\\\Q ,.-' 3 b= Wl""l""l""l""l""l""_l
SONF" = E - ATLAS Preliminary 7|
45t 3 10 MSSM m** [[] observed exclusion —
40 E:: _i E H->t Expected exclusion §
355 ATLAS Preliminary - [ {s=13TeV, 13.2b" % i:; i
30E 1s=13TeV, 147167 3 } ]

C H" — tv; hMSSM scenario] \
25k Observed exclusion 1k R i E
o0F 2015result e Expected exclusion RAMMDMMI TS ..... oty ) 3

- — - Observed 1o : 300 400 500 600 700 800 900 1000
15 - ---- Expected T 1+2 E _ m,¢ [GeV]
10—iljllLJllllllllLlLlllLiLlLLLlllLlLlLl1 Observed mhmOd- eXC|USIOn:

200 250 300 350 400 450 500 550 600
m,,. [GeV] tanp<1.7-0.5 @ m . = 300-855 GeV

Observed hMSSM exclusion:
tanp>42-60 @ m : = 200-540 GeV

No signal observed and improved exclusion limits obtained
Next for ATLAS and CMS will be to address the intermediate region
~160-180 GeV (calculations now available)
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CMS H*>WZ

c
®)
W
)

12.9fb" (13 TeV)
%) T T T T T T T T T
g e data .le CMS |
. . i [V Non-prompt - Prefiminary
* H+ decays predicted at tree level in Y imwz —me0cevsno-to
40 | zz A\ Stat. @ Sys. unc. n

Higgs triplet models
Georgi-Machacek
Leptonic WZ
VBS topology
High dijet mass

1000

my [GeV]
1a00.CMS Preiminary 15.2 o1 (13 TeV) CMS Preiiminary 15.2 b (13 TeV)
) o ~Observed 1 | & - 0 T o lobserved -
= 1600 3 'éfl. > 18 Expected
N . = m:io =
L 1400 E " e +2 :
1 1200 = c 4E -
- 1000 3 w12 E
& 800 = i3
@ : 0.8F
X 600 = “E
I E 0.6
. 0.4
200 =
T 02
200 400 600 800 1000 200 400 600 800 1000
m,,. [GeV] m,.. [GeV]
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ATLAS: high mass searches

. Largely epr0|t jet substructure in many different channels

g 1 ATLAS-CONF-2016-062 - g ‘ ATLAS-CONF-2015-079]
= ATLAS Preliminary ——e— Observed 95% CL upper limit ; f ATLAS Prellmlrl‘ary — Observed CL, limit |
S 1oL fE=13Tev, 132" Eenes |95°’°(CL wwperlimt N | o e Expected CL, limit
| I xpected limit (+ 1o) = 10E o |
3 t+ 'VE
I [ ] Expected limit (+ 20) . 2 f [expected £ 1
(—(: 1% Scalar Singlet (NDA) ?5 @ H Expected+2 ¢
@o’ LR Scalar Singlet (Unsupp.) ] %
o 10 E g
] )
X102k = T~ e _ E
10°° 3
WW->1lvqq i ZZ->4l
500 1000 1500 2000 2500 3000 10400 500 600 700 800 900 100C
Mscalar (GeV] rns[(Se\q
LIS IR L B B B A S B S S S S S R R B - LIS LN S S L B S B S N S S B H B B B B B S
ATLAS Preliminary ~ —e— Observed (CLs) - — Ob d Limit
10k ggoHoZZollag Expected (CLs) 10 ATLAS Preliminary PO Lo
s EEito (s=13TeV, 132" —— Expected Limit
\s=13TeV, 13.21b —+26 N Y [ Expected +1 ¢

95% C.L. limit o(gg—H)xBR(H—ZZ) [pb]

—
o
»
IIHI T llll”ll T III"HI TTTTIl

17->1qq

L 11“1111 PEERRTTT BENET YT BT

500

e Large improvements compared to Run 1

Sep 2, 2016

1000
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2500 3000
m,, [GeV]

—H-=2Z - v
w wH ] Expected 2 ¢

10

o(gg — H) x (BR — ZZ) [pb]

1072

10°

1 1+ o+ 1 3
500 1 000 1 500 2000 2500 3000
my, [GeV]
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X
ATLAS results on hh->bbbb LCSD

Combine resolved and unresolved exploiting IBL detector for b-tagging

* Main backgrounds: multi-jet and ttloar for both searches

* Resolved Analysis: » Boosted Analysis:
« multi-jet: data-driven « multi-jet: data-driven
 ttbar: modelled with MC  ttbar: data-driven normalization,

shape from MC
» Systematic Uncertainties:
* b-tagging is the main systematic uncertainty for both analyses.

> FT T T > R R R R R R R R R IR IR IR IR 310‘:va ™ B ™7 ™ ™ T 713
‘ imi - = _— 3
3 0k ATLAS Preliminary  —+ o= +4 8§ @ ﬁ';ﬁg ’?g%':gﬁ,maw é] 38’:_91 = £ ATLASPreliminary —— BukRS, ki, =10
o & Vs = 13 TeV, 2016, 10.1 i’ Mottiet 3 S g i) - ¢ 1 w——— Observed Limit (95% CL)
- F : o L S " Signal Region, Boosted 4-tag . 12 i {s=13TeV, 1331 .
% ‘. Signal Region: Resolved — G(300) x10 - D;! sy L.g ,,,,,, Expected Limit (95% CL)
107 - —— G(800) x10 1 o HOYS = xpected =
:): ,E . SM B 500 i ‘2 - ':G(ZOOOMOO‘ T 1035 E + %0 E
+ ; Stat+Syst Uncertainty g P =
"‘ 1 @O 10} = L
°F — 3 : vl
= ] 3 . §1025
r == & E
'E : : [ t F
E - 1t g I
10 ‘L PR .' - : 10:
v » _ I 3 g 4 - :
1 T | :
14 et o ~ 2 o
§ | : ‘+I+ ] & {'J"w?TH 3 T | I B . PP EPEPRPEP i
= 0 '2&, 1 ) ) 55 tes O 0500 7000 1500 2000 2500 3000 3500 500 1000 1500 2000 2500 3000
m, [GeV] m,, [GeV] mg. [GeV]
* Results: » Excluded mass range:

« 95% CL limit is (pp = hh =» bbbb) <330fb «observed: 360 GeV <m(G, )< 860 GeV
29 x the SM, expected may be somewhat larger
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CMS double Higgs searches E

 Resonant and non-resonant searches have been performed at 13 TeV
in different channels using 2015 data

* bbtt has been updated with the full statistics before ICHEP

95% CL upper limits as function of the anomalous
triliear couplings (~200 x the SM)

12.9fb™ (13 TeV)

N\ bkg. uncertainty
— k, =1 (SM) 6 x 50
--- k, =20

— - 12 9fb' (13 TeV
> 2L CMS bb pt, ¢ Data 10°F : : ( : )
() 10 g limi h | ¥ - CMS : '
G [rreiminay chame DgCD _- - : . bb T, + bb et, + bbt HTh
— 10 Drell-Yan pre Immary Comblned channels

£ Other bkg. A b e
= 10
O
Z
©

- 88888888888888888838 IR LLLLLLE L]

-

102
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10 i--0--- Expected CLs

Expected £ 1o
Expected t 26
# Theory prediction
L | L L Il L
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95% CL on ox BR(hh—s bbrr) [fb]

E IIIIIIII IIIIIIIIIIIIIIIIIIIIl IIIIIIII
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My, [GeV]

LR IIVIJ

—
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In summary, still
no deviations from SM expectations
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Future prospects
D. Gillberg, D. Sperka

Run 1 | Run 2 \ | Run 3 ' HL—LHC
= 13Tey I 13.5-14 Tev 14 Tev 14 TeV wergy] During the HL-LHC
stev | plossoosotanin e ‘ beam intensity will
7TeV  ——df R2E project P2-P7(11 T dip.) 'r;"gel?nc éééé —_ .
ol Eng. P1-PS I increase to x7.5 the
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 m . . .
— design intensity
- experiment - 7 experiment upgrade "’_"‘;E; o
P, | emsew [ e ]t | * Major detector detector
— o — - o | Upgrades needed
—

Simulated Event Display at 140 PU (102 Vertices)

Higher PU, up to 140 interactions
Per beam crossing and more
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Signal strength and couplings projections

=
LCSD

Based on 8 TeV analyses, next iteration will surely be more accurate
With Yellow Report 4 the LHCHXSWG has already improved the theory

uncertainties
by a factor 2

Important to also make
projections on some ratios that
have reduced theory errors,
lumi error and others...

Precision on signal
strength

ATLAS Simulation Preliminary

Vs =14 TeV: [Ldi=300 ib” ; [Ldt=3000 b

T ~9%
~4%

H— ZZ (comb.)

H— WW (comb.)

Precision on Higgs rate
gg RS

coupling ratios:
Axy = Kx/ Ky :: g
ATLAS Simulation Preliminary 5H
Vs =14 TeV: [Ldt=300 b ; [Ldt=3000 fb

'~”'~‘,J,)‘.5'%‘"”"H .
~2%

4 BEES

H—-2y (incl) Az
j - 1
T Az 1

H->tr (VBF-like)

u )‘12
13
H—pp (comb. Mz o
e S R B [ -.g
0 02 04 0 005 0.1 015 02 02 °

Au/p

ATL-PUB-2014-016

K
AAXY=A(K—§)

» Two scenarios for systematic uncertainties were considered:

» Scenario 1: systematic unc. unchanged

> Scenario 2: theoretical unc. scaled by 1/2, experimental unc. scaled by 1/V[c

CMS Projection
T

CMS Projection
—

Expected uncenainlie; on — ;w 'at fs=14 TeVlSoenamH Expected uncenaintie; on — Isooo b';t |sl= MTeVlScenano;
Higgs boson signal strength F— 30015 at is = 14 TeV Scenario 2 Higgs boson signal strength F—1 3000 b" at is = 14TeV Scenario 2
Hovy Hovy f——rdt—
H-ww H— WW f—————————|
Hozz HoZ2Z —t—
H— bb Hobb fmooo
Hott Hott
L " L I | - M L P B
0.00 0.05 0.10 0.15 0.00 0.05 0.10 0.15

expected uncertainty

expected uncertainty

End of Run 3 (300 fb): 6-14% uncertainty on signal strengths
HL-LHC (3000 fb'): 4-8% uncertainty on signal strengths

CMS Projection

CMS Projection

T

Ky

Kw

K,

Expected uncertainties on
Higgs boson couplings
—t
—
Kz /——+—

9

— T T —T
F— 300" at is =14 TeV Scenario 1
F— 300" at is =14 TeV Scenario 2

T ——TT
Expected uncertainties on
Higgs boson couplings

Ky

Kw
Kz —F—
Kg ——t—

—— —T—
1 30001b" at Vs =14 TeV Scenario 1
F—1 30001b" at {5 = 14 TeV Scenario 2

expected uncertainty

Kp Ky [——t+—
Ky Ky
K K ——
. L L NP B . I N B N
0.00 0.05 0.10 0.15 0.00 0.05 0.10 0.15

expected uncertainty

End of Run 3 (300 fb?): 5-15% uncertainty on couplings
HL-LHC (3000 fb): 4-8% uncertainty on couplings




H->pup and rare decays

* Ho>pp is the most promising channel to test the Higgs
couplings to the second generation fermions

ATLAS H>pup and H>2Zy

H—-pp,

7.00 eXCess
expected in 3 ab™
~21% error on rate

SM sensitivity (10)
expected with
~70 fb* (2018)

> 10v]lvilrvv]vlv]Tvilvvvlvvv
8 10™ E ATLAS Simulation Preliminary
0 109 Vs =14 TeV
e J Lt =3000 fo" WH — wu, m =125 GeV
2 10° =2
o Wi
u>.| 107 —WW-= uvuv
10°
10°
10*
10°

102.1...]... P e NN
80 100 120 140 160 180 20|
ATL-PUB-2013-014 m,,[GeV]

H—Zy—eey, 3.90 excess expected in 3 ab™!
~25% uncertainty on rate
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Expected Significance

UCSD

CMS: significance as

function of IntL

Similar conclusion

CMS Preliminary Standard Model H -puu
L I | T T ]

C ys = 14TeV ]

- . | T T T S N N
0 500 1000 1500

Integrated Luminosity [fb™]
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Double Higgs production

-
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W
)

The Higgs boson self coupling ATLAS, simple cut and
count analysis, can be improved
---_..:’
AHHH “S~ _

! | ! | ! | !
g o5l ATLAS Simulation Preliminary _
- 1
0 _ \s=14TeV, 3000 o™ ] CMS uses bbyy and bbtt
o [ ™ H(bb)H(yy) ttH(yy) |
g 20 ™ bbH(yy) X ]
o | Z(bb)H(yY) ™= bbyy
w - Others | « Projections carried out usin cated simulation of upgraled CMS detector
157 . > Combination of bbyy and channels
B HH_>Wbb T \s=14 TeV, PU=140 10 e X \S'=1'4 ‘T?V, !’L'J=‘1"10
- 1.30 excess ] % 5OE_CI\IAS Simulation | I—_ﬁlgﬁé:‘;“l _ % CMS Simulation | ‘ l
10 expected w. " g i @
3 ab-l (8 events) : g o'
i %0 10°
5: - 205 10°
C 102 S 10 e . e ]
— : : . ' : g ] ——
%0 100 150 200 230 00 105110 116 120 725 10 i E s M —
. . . laevic : , A A A
Combination with many other m,, [GeV] soT

decay channels will improve
the sensitivity. ATL-PUB-2014-019

HL-LHC (3000 fb): ~20 significance, ~54% unc. on cross section
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Final reach for Higgs self coupling E

* We currently estimate 1.5-2 o per experiment at the end of HL-LHC,
more channels, improvements in the analysis...

* Generic statements that we may reach 30 with 3 ab!

— A complete analysis should be made at some point to clarify the issue

* But note that the sensitivity is expressed for double Higgs
production, NOT for triple Higgs coupling

 Still we will be sensitive to large deviations

N 40 , - |
o(pp — HH + X) [fb] o(pp — HH 1 X) /o™
1000 ¢ VE=14TeV, My =125 GeV | [ £ 14 Tev, My = 125 GeV
gg — HH
30 R
gg > HH e
100 | qq’ - HHqq' 25 qq’ -+ HHqq' ---------
20 + ‘ . q@ - WHH
i 1 qq — ZHH -----
15 .
10 +
1}t qq > WHH - P 0
qq —» ZHH .0 e 5t
0.1 I o ) ) ) ! 0 e ,—._._._._,_____A___,_._._A_._;:.’_’.'_“T:.-.]--_—_-_—_-;;_;‘_.:.'_.‘_:‘T.-'.—"‘ ..................
5 3 101 3 5 -5 3 e - ]
Aunn/ M Meree/ Mdtm

arXiv:1212.5581 [hep-ph]
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What to keep an eye on

e Largest discrepancies observed (only at the 10% level and fully

compatible with statistics) were in ttH and H->bb

* Analyses of Run 2 data for now seem to go in the same direction

p-values of combined ATLAS+CMS fits

Parameterisation p-value DOF Parameters

Global signal strength 40% 1 u

Production processes 24% 5 pggF, PVBF, HWH, HzH) HitH

Decay modes 65% 5 uv, ptl, yWW, T, bt

Decay modes with H —  75% 6 u7, p?%, y"W, 7, yb, piv

HH

pv and pr per decay 90% 10 pt, ulZ, wW, wiE, Wb, ul?, wE, uf™W, u

wy / ur ratio 75% 6 v /up, pf, uE, wf W, uEs, ptt

0; - B/ product 20% 23 (¢-B)y (0 B)i%, (0-B)gt, (¢ B)gry,
(¢-B)h (0 Bat,  (0-B)igp
(B (@ B)F,  (o-B)iy,
(c-B)zh, (e-B)ZE, (0-B)2W, (0 B)7h,
(¢ B)iiz, (7 B)iigi, (¢ B)it, (- B)gy,

Ratios of ¢ and BR relative  16% 9 o(gg—H—27), OvBE/ OggF, OWH / OggF,

too(gg — H — ZZ) un/Tggr, BYW /BZZ, BYY /BZZ, BTT /B2,

Ratios of o and BRrelative  26% 14 0(gg — H — ZZ), oypr/0ggr, Owr/ Oggr,

too(gg = H — ZZ) and it/ Oger, BVW /BZZ, BYT/BZZ, BT /BZZ

7/8Tev o Y, Y Y, o 1Y
i "

Coupling ratios 12% 7Kgz, Azg, Mg, Awz, Ayz, Az, Apz

Couplings, SM loops 74% 6 Kz, Kw, Ki, Kz, Ky, Ky

Couplings vs mass 55% 2 M,e

Couplings, BSM loops 11% 7 Kz, Kw, Ki, Kt, Kp, Kg, Ky

BSM loops only 87% 2 Kg Ky

Fermion and vector cou- 64% 2 Apy, kKyy

plings

Up vs down couplings 72% 3 Agu, Avu, Kuu

Lepton vs quark cou- 79% 3 )\Iq, )\vq, Kqq

plings

[1cy|

L

L

-2 -15 -

ATLAS and CMS
LHC Run 1

——
_+_

—e— ATLAS+CMS
| =% ATLAS

—a— CMS

— 10 interval
- —— 20 interval

IIII|IIII|IIIIIIIIIIIIIIIlIIIlIIIIIIIIIIIIlI

-0.5

0

0.5

1

15 2
Parameter value

2.5

=
LCSD

Interesting NMSSM model proposed by C. Wagner and collaborators with
stop quarks in the gluon fusion loop would account for it
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* Thanks to the excellent performance of the LHC, ATLAS and
CMS are collecting a lot of data and analyzing them promptly

Summary

* Lots of measurements and searches have been reported by
ATLAS and CMS

* New interpretations are starting to be carried out (simplified
template cross sections)

e Fiducial and differential measurements will become more
important with higher statistics

* No significant deviations observed (yet)
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Outlook

Higgs boson properties are among the most interesting
measurements at the LHC

After discovering the Higgs boson, we should measure its
properties as well as we can

Precise measurements may reveal BSM physics:

— SM extensions, dark matter, ...

Keep searching for BSM effects in the Higgs sector

— BSM decays, additional Higgs bosons

It may take longer that we are used to, in some cases
precision physics takes time

— in many cases systematic uncertainties will start to dominate soon
(did not happen in Run 1)

— theory community will play a major role in the understanding of
signal and backgrounds

| believe that we have a very exciting experimental program
ahead of us
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