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The scalar sector

The study of the scalar
.................................... sector requires:

Quantum of the field
= Higgs boson

m A precise characterisation of
the Higgs boson properties

( )

Additional d.o.f.
= W and Z polarisation

[ )

Yukawa interaction m The search for extensions of
— fermion masses

_ X y the scalar sector itself

m The study of the shape of the
scalar potential
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Focus on latest 13 TeV results from 2016 dataset (~ 36 fb-1)

HIggs boson mass and width (H—=yy, H=Z2"=44) m A precise characterisation of

Couplings to fermions and bosons discussed in Silvio’s talk the Higgs boson properties

Production of new scalars H—=tt, H—=/ZZ, h'—yy

H—aa—bbtt, H—aa/za—ttte = The search for extensions of
LH=LL+invisible the scalar sector itself
Charged Higgs Hx—tb

Higgs boson pair proaduction (HH), m The study of the shape of the
resonant and nonresonant proguction scalar potential
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ATLAS-CONF-2017-046
JHEP 11 (2017) 047

M4y

B o(mu)/ mu=0.18% : precise measurement!
0 excellent detector performance in lepton/photon energy scale determination
0 single experiments are better than ATLAS + CMS Run | combination
0 still dominated by statistical uncertainties

L. Cadamuro (UF)
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Fxtended scalar sectors
Why just one doublet?

H A H+/H-
m Extensions of the scalar sector can solve some known h
problems of the SM
= Two Higgs Doublet Model: 2HDM ]
- |
O an extra doublet is added = 5 bosons! | Ho\V (2HDM)
0 7 free parameters: boson masses, tanf (VEV ratio), H—-1t/bb (MSSM)
cos(a-P) (a = mixing angle), m12 (soft Z2-breaking mass) (ggf and bb associated
0 Type | and |l depending on the which fermion type the doublets production) I
couple to H—hh
. . A—/h
I Minimal Supersymmetric Standard Model: MSSM I
0 fixes the relations between bosons and a th associated production
= two parameters: ma, tan3 H= — tb at high mu.

Il_lli — TVt at /OW I H+
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Fxtended scalar sectors
Why just one doublet?

A H+/H-
m Extensions of the scalar sector can solve some known
SEETITITIIT
problems of the SM n
m [wo Higgs Doublet Model + Singlet: 2HDM + S h’
0 extra doublet and singlet = 7 bosons! I I
Higgs boson — light scalars decays
New light scalars = SM particles decays
= Next-to-Minimal Supersymmetric Standard Model: NMSSM In general, scalar sector

extensions and generic BSM

scenarios predict new states
and new Higgs boson decays
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CMS PAS HIG-17-020

ATLAS

Heavy H—TT

(
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searches for high mass Higgs bosons

EXPERIMENT

B UTh, €Th, ThTh final states (ATLAS)
+ ue (CMS)
0 Ptn: single lepton trigger

O Thth: Single mh, pt > 80/125/160 GeV (ATLAS)
double h, pt > 35 GeV (CMS)

m Signhal appears as an enhancement in
the total transverse mass

tot \/(pT 4 pT E%liSS)Z (pT +pT EI%liSS)Z

= Main backgrounds

0 Z—1t (from simulation)

QCD multijet with mis-ID tr (data-driven)
its precise estimation is crucial for the
analysis sensitivity

[

March 2nd 2018
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CMS PAS HIG-17-020

Heavy H—71: results

EXPERIMENT

35.9fb"' (13 TeV)

31
9 cms

| Preliminary
102 3

10

95% CL limit on o(gge)-B(dp—tt)(pb)

]
—e— Observed

------ Expected

[ ] 10 Expected
[ ] 20 Expected =

Expected b quark only -
Expected t quark only —

5
Rt :
107 2 :
F 5 '
c | ’
N 8_: 1
102F 3! !
E 2 :
=, :
[ 3 :
10°E, ©! L . . C . E
100 209 300 1000 2000
' m, (GeV)

4

reach lower m¢ thanks to

lower trg. thresholds
(on ¢th and th7h)

o x B(¢p — 77) [pDb]

[ [ | [ [ | [ [ [ [ | [ [ [ [ | [ I_
ATLAS ATLAS 2015 -e- Observed

10E Vs=13Tev,36.1 1b" - - Expected=

C ¢ — 1t 95% CL limits x1o ]

| b-associated production +20 ]

~ .

| lllllll|

—h
<
—

I T T TTTTI
| lllllll|

I IIIIII|

s

| | I | | | | I | | | | I | |

1000 1500 2000

o1
o -
o

A

f1h best
" E-’Thl'h best

35.9 b (13 TeV)

CMS

Preliminary

95% CL Excluded:
Observed 1 + 10 Expected
---- Expected + 20 Expected

401
30}
20f

10}

. hMSSM scenario

ATLAS -
- Expected -
—&@— Observed

L
500

! I ! ! ! ! I ! ! ! L
1000 1500 2000

m, (GeV)

L. Cadamuro (UF)

searches for high mass Higgs bosons



CMS PAS HIG-16-018 Heavy Scalar beI H —) bb

m H—Dbb in bb associated production to overcome the large multijet background : 4b final state

m Efficient b-tagging (¢ ~ 65%) is crucial for the sensitivity
0 use events with = 3 b-tagged jet, recorded with b-tag triggers

p ——
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arXiv:1712.06386
Eur. Phys. J. C 78 (2018) 24
CMS PAS HIG-17-012

H—-ZZ (ATLAS, CMS)
4¢ [ 2¢2v (ATLAS) + 2¢2g (CMS) final states

4/
O signal in mae
0 bkg: ZZ

212V
O signal in mr
0 bkg: ZZ, WZ

212Q

O signal in Megqq
O bkg: Z+jets
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T |
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] Z+X
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signal + interference
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m evuv final state

@ Main
backgrounds
(single-t, tt) from
simultaneous fit
iIn control regions

use mr (e,u,prmiss)
to look for a
signal

107!

1072

'E ATLAS
2L Vs=13TeV, 36.1 fb"

—  X—>WW-— evuv += 2 jets VBF SR

+ Data
Topx 1.12

B ww x 1.00

% SM(sys @ stat)
W+jets

VBF NWA 700

VBF NWA 2000 |

10?

Search for both ggF and VBF production with dedicated categories

L. Cadamuro (UF)

Explore different mp in [100 GeV, 4 Tev] and N

More on searches for high-mass resonances in John's talk

searches for high mass Higgs bosons

March 2nd 2018
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arXiv:1712.06386

Eur. Phys. J. C 78 (2018) 24
CMS PAS HIG-17-012
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production X branching fraction
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ATLAS-CONF-2016-089

tb H*, one leptonic W decay
= 4b + 172 final state
Complex final state!

Signal and control
regions based on the
number of b-tag and
additional jets

[

Events

simultaneous fit to
constrain backgrounds
and systematic
uncertainties

Data / Bkg

Sensitive to low my+,
low tan3 MSSM regions

NN

o

o TRQ T TS

m Boosted decision tree to look for a signal

O input: variables related to the kinematics of jets
0 dedicated training for each mass hypothesis

[ [ [ [ [ [ [ — [ !
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CMS PAS HIG-17-013

CMS Proliminary 35.9 fb™ (13 TeV) s 1 6EN'I$ Frelminary all ﬂ?-] 0 Tev)|+359 f.b-; el
% ' 'CII Pl '1 ot L L L '_E = O |
% 25883;_ ass —¢— Data _i E - H— vy — Observed 2
= Low mass search € 18000} 1y M B Expected = 1o
e r : = 16000 - — R [ |
0 sensitivity crucially " 1a000F 1 I 1o Expected = 20
depends on dedicated 12000 F- 1 B i -
_ : 10000 | — ]
low-mass yy triggers s000F : § 1: :
= Look for an excess in oOE 1 =% 8L 2.80local -
- - > 1.30 global -
the m,, spectrum 2000E = : -
. LL 400 T T ':':' ' I __
- Anquss strategy s % = :
similar to H—=yy = -
D 0
0 MVA method to " ool ﬂ
identify yy signal g Eai
q 90 95 100 105 110
m, (GeV)
Continuum Z—ee, with
background mis-ID electrons
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CMS PAS HIG-17-024 H —Jda bb TT NEW !

é )
Low mass search (15-60 GeV) in a decay channel never
m Three 77 final stgtes: €Th, UTh, €U explored so far
+ > 1 b-tagged jet - /
. -1 )
0 rely on the lepton signature at e - _ 3591 (13TeV)  _ [T 359 fb’ (13 TeV)
] = | | | = o\o n o - _
trigger 3 14 CMS Preliminary —+ Observed Z—> = < 5: CM —e— Observed Median expected
. ~ i - Z— eel| -tt+jets —_ Y - i 68% expecte 95% expecte
o jets too soft to reconstruct both £ '™ Ckes  EHomers 8 g rermineny Mo e
of them S TOF Mo <75 GeV — m,=40 (B=10%) []Bkg.unc. § 1 I
o | i 4 3 T Combined :
m Four categories in mVisp; to 43 E
. C_ — == [
separate signal and background ‘2‘ ____________________________ 5 ‘6"0"’10
| e el P 1
= Main backgrounds | = e — £
P e e, e S5 2. T 7 £
0 tt (simulation) ARl R 1 3 7
_ _ , “ bl . b e Dy i 2 _
0 Z—tr (simulation + corr. inZ—up) § oo T R SUVEYSU TSN U VUSRS OO OTOR |
0 mis-ID jets as tn (from data) m, (GeV)
m Look for a signal using visible 7t
mass Best sensitivity for ma > 15 GeV
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arXiv:1802.03388 H —) ZX / XX — 4 ,g
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oren H(125)vinvisible decays
m Searches performed using ggF, VBF, and VH > 071 a8 oo Zees -
production G F 5213 TeV. 36.1fp" ™2ZZ ™ Non-resonantll -
o 3L - =% Others —
0 current best limit on B(H—inv.) = 24% from CMS Ny 0 = Ul e N Sttat +Syst. S
Run | + 2015 combination (JHEP 02 (2017) 135) L 10° gy - DM, m, =500, 100 GeV0.27.
0 searches under update with the full 2016 dataset |j>j 10 - il win B =03 _;
= Search for a signal as an enhancement in the T _
Ermiss distribution . -
10°°

= New ATLAS search with full 2016 dataset using 2 14 + : + — T T[T T
7H 7 — _c\: _ O o L ...... _
L 2 1 ----\x\\*%‘\\‘\\ﬁ&\‘\\\\&\ N\
= Main backgrounds 2 ; R R R

o VV, from simulation with data-driven correction
0 Z+jets, data-driven

m Sensitivity improved by 40% w.r.t. Run | results in
the same channel

L. Cadamuro (UF)



HH in the SM

g D000 AHHH _ -H 8 «~—---H
tV>—@ ty A
HN ~
H

HH production = direct determination of

NNLO + NNLL with top quark mass effects at NLO

HH production at pp colliders at NLO in Q&D
M, =125 GeV, MSTW2008 NLO pdf (68%cl)

Higgs trilinear coupling AHHH

® Gluon fusion: dominant production mode

m |Large destructive interference
— tiny cross section

0 not sensitive to SM prediction with current data

o
w
00
3_
N |-
ol
W |-
W
o |-
o
N
ol
MadGraph5 aMC@NLO

100
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HH beyond the SM

Two production mechanisms:

o Mx[GeV]

400 600 800 1000 2000 3000
Warped

MSSM/2HDM Singlet model Extra
Dimensions

m Several BSM models accessible with the
same signature

0 model-independent searches + interpretation

= Anomalous Higgs boson couplings
0 strong effects on cross-section and shapes

0 described with EFT approach
m Need to cover a broad mx range

0 complementarity of several channels

HH is an ideal place to look for BSM physics
Sensitive with current LHC data

L. Cadamuro (UF) HH production March 2nd, 2018



CMS PAS HIG-17-008 An eXam ple H H —> bb‘}/y
m Focus on the CMS result (full 2016 dataset) [:]

0 search also performed by ATLAS with 2015 dataset CMS Preliminary , , 5.9 . 13 TeV)
~ pp—HH—bbyy Cq=Coq=Cp =0

18
m Rare but clean final state

O main background from continuum jjyy estimated from |
data

16

.................................................................................

— (Observed 95% C.L. limit

) SEEEEES Expected 95% C.L. limit ..........

L
X
©
D
@
et
D
o

3

-+

12

m Use excellent m,, resolution + mpp signature to
look for a signal

0 categories based on myy and the number of b-tagged
jets to increase the sensitivity

O regression of mpp with multivariate method
o fit in the (my,, Mwb) 2D plane

Expected + 20

10

| Theory Prediction (k, = 1)

-l-l-l-l-l-l-l-l-l-l-l-l-|-l-l-l-l-l-l

Theory Prediction (k, = 2)

o(pp—HH)xB(HH—Dbbyy) [fb]

..........................................................................

-r-r"r-[-r-r-r-I-r-r-r-l"r-l-|)|/|-|"|-|-|-|-1-]-1-1-1

2 : =
Obs (exp) : 18 (17) X oxnsSM 220 -15 -0 7 0 5 10 15 /20
Ky Ky
Constrains anomalous coupllngs Changes in the signal kinematics Anomalous AHHH

(from interference) affect the upper limit and y: couplings
. Cadamuro (UF) HH production March 24,2018 JREN




CMS PAS HIG-17-009 An example H H — bbbb
oot

m Focus on the CMS result low mx g medium mx 35.9 1o (13 TeV)

-1 10 =
(full 2016 dataset) caoo o R I FITET
s fems oo = F 0o spin¢
I:I SearCh aISO perfOrmed by < : Pfellmlnfy R . ' -\zi : Pre/lmlnary -------- Expected Upper Limit

- Expected + 10

Expected £ 2 ¢

ATLAS with first half of £ 2500

@ | G

201 6 dataset 200‘_ '_ _ :,ll\: ——eo—— (Observed Upper Limit
: L X L Bulk Radion A= 3 TeV, ki=35
= High BR, but large - @
190 onmmmmininioon - =
baCkgrOund frOm QCD : EEEQEEEEEEESEE:EEEH:: it W >’|\< E
mutlijet L o s

0 data-driven estimation

s Use mpb to define the SR
. u O — — — — — — 1 11 1 1 1 1 1 1 1 : 11 1 1 11 1 1 11 1 1 1 1 1 1 1 1 11 1 1
S|gnal region, and Mppbb ’ A Y 500 400 500 600 700 800 600 1000 11|00(Gl 1V2)oo
: m, (Ge
to look for a signal

0 kinematic fit to improve
the resolution

Boosted jet topologies also used in a separate analysis to extend
the search to mx ~ 3 TeV

L. Cadamuro (UF) HH production March 2nd, 2018



CONF-2016-049 HIG-17-009 PLB 778 (2018) 101
CONF-2016-004 arXiv:1710.04960 B2G-17-006

CONF-2016-071 JHEP 01 (2018) 054 HIG-17-008

Obs. (exp.) 95% C.L. limit on o/Osm 2.3-3.2 b S 10°
= — WWyy ATLAR M3,
i — I LT bbbb NF-2016.049  PAS-HIG17-009
133 fb 1 Yy 104 Ak " °0 arX?v:17G10.04960
AT L AS o4 . :"’ 2 bbyy CONF-2016.004 PAS HIG.17.008
EXPERIMENT 35 0 fiy- ;"l e ’ ".:::\ bbVV WWyy somaisei)
o 10° "g ’1‘. "\ —— 359
\5 AL VL1008 bbVV JHEP 01 (2018) 054
342(308) | o restoramomons ¢ ey i .
Hooplngs 2 [ bbrr RN ” TN
£ bbrr ~ & ‘g\
79 (89) - Vo
5 bbb RN
O\O 10 : ::: _____
31 (25) '603 ---- Expected Sp!n-o W »
— Observed (*) : Spin-2
300 400 500 1000 2000 3000 4000
117 (161) 18 (17) - m, [GeV]
m Five channels currently explored
747 (3806) 0 common techniques and channel-specific challenges

O complementarity = benefit of a combination!
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Conclusions

An intensive programme of exploration of the scalar sector is ongoing at the LHC

1) Precise characterisation of the Higgs boson properties
o0 mun known at 0.18% precision

2) Search for extensions of the scalar sector itself
0 heavy and light scalars, BSM H decays, H+

3) Search for HH production

O resonant and nonresonant

m Challenging experimental measurements giving rewarding physics results
0 many different signatures investigated
0 possible only thanks to the excellent performance of the ATLAS and CMS detectors

m This exciting exploration is continuing as more data are collected and analysed

L. Cadamuro (UF) Higgs properties and decays, searches for high mass Higgs bosons, and HH production March 2nd, 2018
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PRL 119, 141802 (2017) VBF H - _>WZ

: : high mj; and An jet pair
H+ couplings to vector bosons in scalar sector T i et

extended with SU(2) triplets £¢ pair at mz

extra ¢ + pymiss

= VBF production and decay to W=Z

15.2 b (13 TeV)

12.9fb™" (13 TeV)
1 T ]

_fQ et — |

CICJ 80 e Data VVV CMS i é 10° —— Observed —

. > wz Nonprompt ~ AN e Expected ]

= Clean final state! S ez — m(H7)=700 GeV, 5,07 '; e :

- mOStIy WZ+jetS i Z+y " N\ Stat. @ sys. uncertainty 1\ 2 :
background 40 - i i
0 normalised to data e ﬁg 102 —
sideband . i %\\\\ - § :
m Look for a signal in : ° i

mT(WZ2) _ _ - -

O oy .a. | | | | | | | | | | l | | | | |
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m(H") [GeV]
m, [GeV]

L. Cadamuro (UF) searches for high mass Higgs bosons March 2nd, 2018 24 .




ATLAS-CONF-2016-088

CMS PAS HIG-16-031

EXPERIMENT

Fully hadronic final state (2b, 2j, 11n)

m main background: mulitjet with mis-ID tn (data-driven)
m Trigger: Ermiss (ATLAS), single th + Etmiss (CMS)

m Use mt(th) to look for the presence of a signal

Y, P— . - . eoCMS Preliminary 129" (13TeV) o OMS Prefiminary _______12.9fb" (13 TeV)
© £ ATLAS Preliminary e Data ' - L o 1 1 < I
©10 MisID j - © i ®© [ t%Hb’:'odfw‘ ] 8 C .
1C—> 1 04 \@ =13 TeV’ tt & single-top ----: H" — tv 200 GeV (x5) 50 B MS?M n!h N 50 N N
= 14.7 fb” W-jets c- H' S v 500 GeV (x5) - - Tytlets final state ] [ )
£ 10° poesy. Bl VisD e/ — o H — tv 1000 GeV (x10) E o Clmanee ' i -
@ oy e e --... : 0 M exel § 40 ~
S 102 e C xcluded ] C ) i
g 10 _ pp — t(b)H', H' — v
h-- - [ Expected median = 1o - ‘ots final stat T
10 305 5 30 T, +jets final state B
C ] —&— Observed 2
1 O N : Excluded -
10~ 20 20~ mssMm mmod+ 155 Expected median = 167
2 2 | | | .| | | | | | | | 1 - I Expected median + 20 _
o 1.5 Uncertainty $ } : ’ . 10~ —miSSM . 125.3GeV
g ettt R I A ;
CU O-5 - + - 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1 17
- ob—r—— 1 | ' ' ' T 90 100 110 120 130 140 150 160 200 250 300 350 400 450 500
102 103 mH+ (GeV) mH"' (GeV)
m; [GeV] Low mass (t— H+b) High mass
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arXiv:1712.06518 A —) V H

EXPERIMENT

production modes

Search using the full 2015+2016 dataset 3 of amas | wew T2 F [T T T
%’ . {s=13TeV, 36.1 fb™ ti, single top o) = (s=13 TeV. 36.1fb" —e— Observed (CLs) 3
. : € 9 fiep, = 2jets, 2tags M Wableh Wa S T F Aszh,h>bb = Expected (Cls) -
m H—bb, giving the final states £¢ bb, vv bb, O'F toGwem cmoc  EESSE 3 £ [ ghongion fsion e rocted = 2
10° Bl multijet — ~ —
- e®%, -3:2:9 a é ﬁ )
tv bb VRt ST % pure ggF production
: LB 107! =
m Target both ggF and bb associated o] 1€
107° é
107 _

102k

m ma from 220 GeV to 5 TeV g s

: o 0; 19200 400 600 800 1000 1200 1400 1600 1800 2000

O both resolved and boosted topologies S 7 00 1000 . (Gev m, [GeV]
depending on pt(H) "

m Categorisation on the number of tagged jets ¢ ° & ower,, — =iins 5 O Giamev cerw e Omeneacly -

. L 10;_ 100 GeV <m, < 145 GeV T pbrbe.co) _; - A—>Zh,h—Dbb ;Exgected 1

o 1, 2, =3 tagged jets : w3 [ o T Expected £ 20

m Look for localised excesses over the pure bbA production

background distribution
o mr (VH) for vv bb

o(pp—bbA—2Zh)-B(h—bb) [pb]

102k

0 ma for £¢ bb, ¢v bb (with W mass constraint) 218 L
5 o5 10500 400 600 800 1000 1200 1400 1600 1800 2000

m, [GeV]

Results also interpreted in 2HDM models
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CMS PAS HIG-17-013

CMS Preliminary 35.9 fb-1 (13TeV)
j T T4

CMS Preliminary 35.9 fb-1 (1 STGV)
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CMS PAS HIG-16-007 MSSM COnStralntS - Run |

CMS Preliminary <5.1 15" (7 TeV) +<19.7 b (8 TeV) CMS Preliminary <5.1 15" (7 TeV) +<19.7 b’ (8 TeV)
n 60 7 « 60 \ = | ;
S 50 Z S 50
40 |- / 40
30 : / 30 m, =126 GeV
20 %zﬁ‘/’z 20
o~ 7]
odel not strictly applicable m,=125 GeV
fop 1T 7 10 m Channels are
B m, =124 GeV " .
B Observed exclusion 95% CL 13 GeV CO m p I em entary I n Coverl n g
O I . 6 h
—— Expected exclusion 95% CL m, =122 GeV .
o " 771 Model not stricty applicable 5 — different models and
4 b 4 Observed exclusion 95% CL
| n(126) (RIG-15-002) % Expected exclusion 95% CL 't
| X (o)
3R A/H — bb (arXiv:1506.08329) 3| ~—— Expe parame ers
\ . H* — tv (arXiv:1508.07774)
\ A/H/h — uu (arXiv:1508.01437)
oL 1 AH/ — 7t (HIG-14-029) ol A/H — bb (arXiv:1506.08329)
\ H — hh (bbrt) / A — Zh (Ik7) A/H/h — uu (arXiv:1508.01437)
) (arXiv:1510.01181)
\\ H — hh (bbyy) (HIG-13-032) A/H/h — tt (HIG-14-029)
1 | H— WW/ZZ (arXiv:1504.00936) H — WW/ZZ (arXiv:1504.00936)
130 200 300 400 500 600 1000 100 200 300 400 500 1000
m, [GeV] m, [GeV]
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?HDM constraints - Run |

CMS Preliminary <5.11f" (7 TeV) + < 19.7 fb" (8 TeV) CMS Preliminary <5.11f0" (7 TeV) + < 19.7 fb" (8 TeV)
2HDM Type |, cos(f-a)=0.1, m =m,=my+ 100 GeV 2HDM Type I, cos(f-a)=0.1, m =m,=my+ 100 GeV
2 191 1 -1 :
& 8t [ ] Observed exclusion 95% CL . 8 [ ] Observed exclusion 95% CL |-
7L ———— Expected exclusion 95% CL § 7 ——— Expected exclusion 95% CL .
6 H—> WW/ZZ (arXiv:1504.00936) |- 6 [ ] I*_‘IUZ\%V(V"/”ZC;Z 5‘)((’_021)504 00936) |
— arAlv. .
ST AR o (HIG-14-029) I 5 ] A/H/h— t (HIG-14-029) I
A—>ZH->Ilbb (arXiv:1603.02991) [ ] A—ZH—lIbb (arXiv:1603.02991)
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“‘f\\\\mngK \\\\\\\\\\\\ AR . . ()()rr]F)IE}fT]E;thEirS/ N (3()\/63r|r]€3
| 2 _— _ .
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] ] ] |
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HH decay channels

.% | : Searches performed at /s = 13 TeV

P—

:
bb B(HH—xx yy) I m Phenomenologically rich set of decay
mg = 125 GeV | 310 channels
WW : .
02 = Good complementarity
ole - O essential to cover many decay channels to fully
- 10 study different SM+BSM signal hypotheses
T = Common techniques...
=10 o0 identification of b-jets
77 . 0 MuH reconstruction
- 0" w ... and channel specific challenges
0 0
T ‘0'26 °| 0.1% | | | o partially reconstructed final states (bbWW, bbztr)
v 107° .
rarer b WW g9 - > vy 0 large multijet background (bbbb)
Trade-off > 0 small branching fractions (bbyy, WWyy)
between B rarcr

and purity \——— Keep B high enough
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HH in a EFT approach

m Extensions of the SM Lagrangian with
dim-6 operators

= Anomalous y: and AvnH couplings and
three contact interactions (cz2, cg, C2g)

C’L
L = LSM*ZP@

m Five-dimensional parameter space to
be explored

0 12 points defined as benchmarks of
representative shapes

I
I

a.Uu.

d.Uu.

Shape benchmark 2

0 200 400 600 800 1000 1200 1400 160

0

m,, [GeV

Shape benchmark 7

O 500 400 600 800 1000 1200 1400 160

0

m,, [GeV

Shape benchmark 4

a.Uu.

O 200 400 600 800 1000 1200 1400 1600

m,, [GeV

(few representative examples,
12 benchmarks in total)
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CMS Projection \s=13Tev SM gg — HH

[ 1 1 1 | [ 1 1 1 | [ 1 T 1 | [ 1 T 1 | [ 1 T 1 | [ 1 T 1 | [ 1 1 1
—— ECFA16 S2 —— ECFA16 S2+
— Stat. Only
Mwbb E— 1.43 ¢
w_ | 0.39 ¢
W von H 0.45 ¢
Wb | 0.39 ¢
[ 11 | I [ 11 | [ 11 | [ 11 | [ 11 | [ 11
_2 _1 0 1 2 5

expected uncertainty

Median expected

. SM
limits on pu = oy /oanH

Significance (Z-value)

Uncertainty

as a fraction of

Channel

ECFA16 S2 | Stat. only | ECFA16 S2 | Stat. only | ECFA16 S2 | Stat. only
HH — bby~(S2+) 1.44 1.37 1.43 1.47 0.72 0.71
HH — bbrr 5.2 3.9 0.39 0.53 2.6 1.9
HH — bbVV 4.8 4.6 0.45 0.47 2.4 2.3
HH — bbbb 7.0 2.9 0.39 0.67 2.5 1.5

= Projections of early Run Il results (2.3/2.7 fb-1)
to 3000 fb-1

0 conservative: improvements already achieved in full
2016 dataset analyses

Decay channel combination is

essential for an evidence of HH
production
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ATL-PHYS-PUB-2017-001

ATL-PHYS-PUB-2016-023 P r'OS pe CtS WCO [ H H measuremen tS A@)S

ATL-PRYS-PUB-2015-046

EXPERIMENT

§. 3“: . e - — INcl)n-lrelscglnalntII—II—'I plrecljicltioln:
— CATLAS e Expected Limit (95% CL)  —
2= o g.Simulation Preliminary B Expected+ fo _ ,
|§ M 1 Expected + 26 - = bbyy, bbrt and bbbb studied
" \s=14 TV, 3000 fb" :
T - 4 = parametric simulation of the
T “f - detect ded
o B - etector upgraded response
i\ 1 50 3 = full analysis on parametric
= r - simulation, assuming 3000 fb-! of
© 1 data collected
- m best significance is 1.050 from
0.5 bbyy
O maintaining the resolution on my, is
o) I B T B B crucial to increase the sensitivity
-10 -5 0 5 10 15 20

M/ kﬁl\HﬂH
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