————

o — — p— S e o el e B, el N e e e R

—————————————— &

- ———— —

WS
L /PN

B
S
K

RS

/4

3 \ . >
0’3*,
an

)

bt
TR
2

S' 3
.’ -
" ("

i

T

=

—

Chen Zho

LHCP, 1‘4 Noveml:")el;‘é(‘)z

ty

- \\4)
- 4
7/

L
» AN

N\

Univers

....,. 3 .4. | /.'.m. :
- :,,Al.uha.‘N =]

155 r\,'

Alexandra Carvalho

Peking U

N RA
ﬂ | \ N
oIl | 5 : . - . Y pIoUS|0S uon}y 1oedwon

SRR o N N\

A\ )
\ 3| | \ .\\
o L DUREIE «u._..,l:\l gLy 1 -=

0
. .
S " ¢
, - [
e \
- / 8 -
OS ; e -
- - U |
. - . \ .
. ; L ’
» N » Y
=) N N0 2 5" »
" 5 . . b4 . -
S -5 . ’ . N ’
> J A N
£ - . »
=3 $ - 4
'
£ b N | . )
v ’ ’ ‘
Y - . . ¥ —
> N Y 5
. ' ),
. ’ —_']
. -
- - -
R

N

CMS




2 Why Higgs pairs?

* The Standard Model of particle physics is a formidable description of known matter and
the three of four elementary forces in Nature

* The Higgs mechanism is the simplest way to unify ElectroVVeak interactions

L+
-*.; 1 — ( (:)() > ‘_.-*(4)’5‘(1)‘) - ’“2 PTP + \ ( I)-;-(I))g

In 2012 the H boson was discovered, leaving the H potential as the last unmeasured piece of the SM

e Given H boson mass is ~125 GeV,if A = 0.012, IF the SM describes all that exists:

* We ‘predict’ the masses of the photon,W and Z bosons. Keeping an elegant and
renormalizable formulation for their interactions...

... 'he measurement of the H potential is a closure of the SM, OR a door to
understand physics behind it

The search for non-resonant H boson pair production is the only direct method to probe A at LHC
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Higgs pairs in the Standard Model

The main production mechanisms at the LHC are gluon fusion (ggF) and vector boson fusion (VBF)

ggF: loop induced processes, destructive
interference

OggF (SM) = 31.05 fb

. 0.025 =
3 : —k, =1, SM
002 : — k, =0, only box diagram
— Kk, = 2.45 , maximal interference

0.015 h k, =5, soft spectrum

— k, =20, mainly triangle diagram
Symmetry 2022, 14(7), 1467

0.01

0.005

350 400 450 500 550

M., [GeV

Deviations of KA from the SM prediction:

-> softer signal, cross section enhancements

VBF: tree-level process, The VVHH contact
interaction is also probed

OvBF (SM) = 1.7 fb

A measurement of
2V is also a test of

the doublet structure =f ™.
of the H field ! 5 )

m,,, [GeV]

Deviations of K2V from the SM prediction:

-> harder signal, cross section enhancements

Measurements of KA and K2V are entangled with kt and KV —> better measured in single H production


https://www.mdpi.com/2073-8994/14/7/1467

4 What if there is more than the SM interactions

* One possibility is that New physics induces other terms into the H potential

e Other type of H couplings, specially on ggF production (BSM-like couplings)

More violent variations iIn
signal topology and cross
section variations [1,2]

* We approach the modeling of these in the Higgs EFT (HEFT) scenario

=> linear variation of couplings

* Two methods of search:
e Upper limits in representative signal topologies (shape Benchmarks)

 Parameter scans: We give priority to scan the ttHH coupling (c2)

==> deeply connected with KA and Kt in most complete theories



The CMS saga towards the H potential

arXiv:2407.13554, accepted by PLB

More
* . Tchannels!
Several results in More
full run2 data! channels!
Theory ﬁ
PRD 94 (2016) 5, 052012 updates lTphdeac:::ys
HEFT PAS-HIG-20-01 |



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.94.052012
https://doi.org/10.1038/s41586-022-04892-x
https://arxiv.org/abs/2407.13554

Input channels for CMS legacy HH combination

PAS-HIG-20-011

* We have a rich coverage of Higgs pairs final states and production modes

Direct Di-Higgs searches

bb

WW,| 25.1% R EYS

Branching ratio [%]

o] 9.6% 3.52% 0.669%
1

1.03% §0.395%

1.14% § 0.432% §0.332% § 0.070% |
0.098%1 0.037% §0.029%F 0.012% 0.001% |
A 4
- | T

rarer 77 VY

rarer

e There is no time to cover all channels,
for an overview, | will talk about main
channels and the brand new additions

PRD 94 (2016) 5, 052012

\Final state \Reference \

bbyy Y ® [JHEP 03 (2021]) 257
bbTT % ® |PLB 842137531 Includes
bbbb (resolved) @  |PRL.129.081802 HEFT and
'bbbb (boosted) Y ®  [PRL.131.041803 shape-BM
'Multilepton % @ |[JHEP 07 (2023) 095

bbZZ (42) * HEP 06 (2023) 130 Most added
bbbb (VHH) - CMS-PAS-HIG-22-006

bbWW (leptonic) Y@ | JHEP 07 (2024) 293 specially for
'bbWW (hadronic) % @  |CMS-PAS-HIG-23-012 this
TTVY % @ |CMS-PAS-HIG-22-012 publication!
WWyy ). ¢ CMS-PAS-HIG-21-014

Production modes:

* GGF
® VBF m V-associated



https://link.springer.com/article/10.1007/JHEP03(2021)257
https://www.sciencedirect.com/science/article/pii/S0370269322006657?via=ihub
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.081802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.041803
https://link.springer.com/article/10.1007/JHEP07(2023)095
https://link.springer.com/article/10.1007/JHEP06(2023)130
https://cds.cern.ch/record/2853338?ln=en
https://link.springer.com/article/10.1007/JHEP07(2024)293
https://cds.cern.ch/record/2904879?ln=en
https://cds.cern.ch/record/2893031
https://cds.cern.ch/record/2840773?ln=en
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.94.052012

/

The HH combination in the SM-like scenario (kl/kt)

* The most complete CMS combination to date!

e Latest theory developments!

* The constraints are dominated by the ggF production

 o¢ CMS Preliminary j8h'(IsTeV) | o tMS. 1 8 (5ieN)
— S L e . B ] B
£ [ — Observed e Median expected ; = ety g’)) _
T Excluded BN 68% expected Ll I i et (2 5
L | = Theory prediction === 95% expected | e ;
f ¥ SM prediction B
a10°F - . :
=t : 1.41
5 | :
S 1.21 &
E 1.0F :
4 10°F - i
O 025 : 0.8F .
32 Excluded Excluded | :
> ] osf y
Ky =1 K
Ky =Koy = L -
) S ' : . s | Ll | | | | |
-10 -5 0 5 10 5 1 > 0 2 4 6 8 10
K, K,

All results are compatible with the SM hyphothesis

W'W vy
Obs. (Exp.): 95 (54)

bbZZ, 4l
Obs. (Exp.): 33 (41)

Yyttt
Obs. (Exp.): 31 (26)

Multilepton
Obs. (Exp.): 22 (20)

bbW*W
Obs. (Exp.): 16 (18)

bbyy
Obs. (Exp.): 8.4 (5.6)

bbt*t

Obs. (Exp.): 3.4 (5.3)
bbbb

Obs. (Exp.): 7.5 (4.3)

Combined
Obs. (Exp.): 3.5 (2.5)

CMS Preliminary

PAS-HIG-20-011

K}L=KI_KV=K2V=1
—e— Observed
......... Median expected

138 fbo™' (1 3 TeV)

BN 68% expected
......... 95% expected

|

IIlllll

| | lllllll

1 10

95% CL limiton o(pp > HH)/ ¢

100

Theory



Results in SM-like scenario, coupling to vector bosons B AS-HIG-20-01 1

* When considering the k2V coupling the >
constraints are dominated by the VBF channel

CMS 138 b’ (13 TeV) g CMSI Prell;minarly | | | 138 fo! I(13 Tc?V)
> L l T T T I T T T I T T T I T T T I T T T I T T T | T T e _' L LI LI LI L UL LI LI UL LI ' i
MC\I 4l . Gbserved —— 68.3% CL (10) . v 3.0F e Observed —— 68.3% CL (10) ~
I Expected  sessen 95.4% CL (20) : B Sxpe;?ted """" 95.4% C4Lo (Zg)L '
- ¢ Best fit cixie 99.99994% CL (50) - o5 SENEOSUE R O0I :
i BEEE e ; 1 | We prove the existence
; = 200 - of the k2V coupling !!!
2—_ 0\’\‘\‘\ u"‘-----”‘: \'\; _- 1.5__ ~‘ ’ P — Rl L LTV T _ h e N —: L
: / : [ § S k2V = 0 is excluded at
: e e T : 1.0F - - @ } % more than 5 sigmas to
1 “/ 3 beb e A S any value of kl or kV
O b B ] OO - Kt _ KV _ 1 —
K- =K. =1 IR PR U EPETE EPETETS EYETEr TR SN BT ST R
B i 8 6 -4 -2 0 2 4 6 8 10 12
_1 1 I 1 1 | I ] 1 1 I 1 | 1 I | 1 ] I 1 | 1 I 1 | 1 I ] 1 | K)\.
0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
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e Constraint in c2 between [-.0.23 0.63]

@ 95% CL

e Slight preference to c2 ~ 0.4,
e Statistically compatible with the

SM (c2 = 0)

Results in BSM

B CMS Preliminary
L L] L] 1] l 1

=like scenario

138 fb' (13 TeV)

L K =K=1
i Ky =Koy =1

95% CL limit on o(pp — HH) (fb)

10
L Excluded

L) l L) Ll Ll Ll I Ll Ll | 1 l

w— Observed = = sssus Median expected
Excluded B 68% expected
«~= Theory prediction  ====-- 95% expected

¥ SM prediction

Excluded

CMS Pratiminary o i ey
N I I B — T T T 1T 1T T T T 1T 1
Median expected [ 68% expected
10° =e= Observed

Agnostic to k’s
constraints

10°

95% CL limit on o(pp — HH) (fb)

95% expected

Lial

Considering k’s

Lconstramts

| | | | | | | |

9 101112 1 2 3 4 5 6 7
JHEP03(2020)91

Benchmark scenario

1.0 05

CMS Prellm/nary

PAS-HIG-20-011

138 fb' (13 TeV)
>0 U2 '€

T T
[ K, = KV_KZV_1 —Observed

Expected

e Shape benchmarks: Despite limits variating
more than one order of magnude due signal

topology variations, no excess is found

Stay tunned for more results with scans
involving ttHH coupling in HEFT !!!



10 Adding indirect constrants

arXiv:2407.13554, accepted by PLB

Measurements of KA and K2V are entangled with kt and KV —> better measured in single H production

 That is not the whole history

. . . 9 m - B q - - q
e At one loop the single H production (with much ‘ H
. . . o o t | B . H vV /:;._____ H
higher cross section) and decay is sensitive to . i
PR . 9 QQOQQ/— q - - q
variations in kA ** ; : . L
* m !
InLo~> " oo™ o e A TS H
' H\\:\\\ "
11} . q L - t
— WH

— o Changes signal topology and production rates
— goF
(E e Signal topology modifications can be modelled when

| o the search is made considering an specific glanularity
1 i on fit (Simplified Template Cross Sections - STXGS)

Ultimate precision on the H potential in the SM scenario in a given dataset can only be

achieved considering a global fit including all H and HH production modes

**These effects are considered in the HH combination regarding single H contamination on HH analyses


https://arxiv.org/abs/2407.13554
https://inspirehep.net/literature/1625741

11 H+ HH combination

arXiv:2407.13554, accepted by PLB

* This result was made prior to the HH legacy combination
* The main channels for H pair production are considered
e Several production and decay modes for single H production are considered

e A few including glanularity sufficient to consider a differential dependency in kl

. : Integrated Targeted H Maximum
nalysis B - : ,
luminosity (tb™ ) production modes granularity
H — 4l 138 ggF, VBF, VH, ttH STXS 1.2
H — 7y 138 goF, VBF, VH, ttH,tH  STXS1.2
H— WW 138 gel, VBF, VH STXS 1.2
H — leptons (ttH) 138 ttH Inclusive
H — bb (ggF) 138 ggF Inclusive
H — bb (VH) 77 VH Inclusive
H — bb (ttH) 36 ttH Inclusive
H—o 1t 138 gel, VBF, VH STXS 1.2

H— uu 138 gegF, VBF Inclusive



https://arxiv.org/abs/2407.13554
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e |n a combined measurement we are able to

H+ HH combination

* Achieve a better precision on ki

* Also under minimal assumptions on the

other H couplings

CMS 138 fb™ (13 TeV)
S FITT R E R R R ]
:CL Observed single-H comb., 5.8:“2:2 _
= HH comb., 1.0 s
QA : — single-H and HH comb., 31?8 ]
4r :

3l |

oL i

1F g
0:.... LR

4 10 12 14

Ka

arXiv:2407.13554, accepted by PLB

Best fit 10

Hypothesis Expected Observed
Other couplings fixed to SM o 31734

. 1 0+47 1.8
F:.Oatlng (Kv, sz, Kf) Oiig 451—111;
F:.oatmg (kv, K¢, Ky, K :"OJ—F}LS 47 411:%
F_.oatmg (KV, Kov, Kes Ky, Koy Ky) ~~-OJ_F1:8 4.7:1:2

13c|v|s 138 fb' (13 TeV) . CMS _ . = 0 U?TG,V)
- . 1 I 1 1 1 I I I I I l 1 I 1 1 1 | I | | 1 =
N - Observed single-H comb. ¥N - Observed single-H comb. ne
- 4 ¢ Best fit value =
1 o Ky=Key= HH comb. i =K =T i comb. — 68.3% CL (10)
Sef — single-H and HH comb. B . --- 95.4% CL (20)
i g 3 - single-H and HH comb. ...... 99.99994% CL (50)
1.1p g [
1.0 . L e |
0.9 T e +SM B 1 '1 @ ]
[ ¢ Best fit value ]
0.8 —68.3% CL (10) O ; 4
' --95.4% CL (20)
0 7 i 1 | | i I | | I | | | i | ) q q i | i i 1 1 1 N S 1 | | 1 | 1 | 1 | 1 1
: -5 0 S 10 15 0.8 0.9 1.0 1.1 1.2 1.3
K, Ky


https://arxiv.org/abs/2407.13554

13 Conclusions

* The measurement of the H potential is one of the key physics topics in High Energy Physics
 That is achieved directly by the searches for H pairs at LHC
e CMS performed several searches for H pairs

 Brand new results form the legacy combination from using full Run 2 data!

5 EMS |P|roljelc t.io,nls I.Dr]e{i'?iﬁé,’r},’ e e _ CMS Projections Preliminary (14 TeV)
- ) - S L 5 B W [ ) . L, L .00 B e R i e
- —— S2 scenario : \_'5 - S2 scenario :
4.5~ — Stat. Only / ks, 6: = 000D 2000 b — 3000 fb
] < —
4 - Nt |

Significance (pp — ggHH) / ¢

K=Ky =K,y =1 7

| | | I | | | | I | | | | | | | | | | | | | | | | | |—
500 1000 1500 2000 2500 3000
Luminosity [fb™]

| |




14 The theory saga on ggF sighal modelling

GGF H pair production is an one loop process,, making its simulation challenging

* First modelled using form factors to emulate the loop [year] R years/
 Full model at NLO precisions to SM-like processes [year] INKS refs

L

* Including BSM-like processes in HEFT [year]

* JTotal cross-section computation had evolved considerably in the last years

5 60 .
gy [ We use N3LO with top mass effects,
é — | I State of art: N3LO w/ That got sligtly updated since last comb.
e S L L L B L B BN
I :_ l J I { { Heavy tOP mass aPPrOX c | —— NNLO FTapprox (post Powheg-box erratum)
B . . == NNLO FTapprox (old) N
5 - Still needs evolving:
ol Uncertainties in top 1 ;
e . mass dominate the of Bemmmmmmsi ANl |
: M. Spira uncertainty | E
o [LHC WG3 workshop] |
B : LHC WG4
S e le NLQHTIL Mg F'T o F'rap%% % 2022 ; (TWIKI)
i Tc tion: arXiv:2003.01700
LO 1998 2013 2016 20|8 202' } U;%Sés?t:?r?t;/ogrirv 2008.11626
|988 6 Errata: arXiv:2204.13045 / arXiv:2309. 10525—

—5 0 —2. 5 0.0 2.5 0.0 7.5 10 O
K



https://indico.cern.ch/event/1376030/contributions/6080298/attachments/2953486/5192364/spira.pdf
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHWGHH

15 How to look for Higgs bosons?

* Higgs boson decays:
e At CMS we can identify as objects:

Other
= e * Photons, electrons and muons are
0% clean (low BKG) signatures
ZZ
= * Jets and hadronic tau leptons hold big
. portion of branching ratio (BR)
WW

e Decays to photons and b-jets are fully reconstructable

* Most of the final states that involve a lepton also involve
a non-identifyable neutrino and loss of information

* To recover, Multivariative (MVA) is imperative

Balance between resolution, reconstructebility and
branching ratio define each channel importance

" ‘Possible bbWW (leptonic) event



https://cms3d.web.cern.ch/B2G-20-007/

4b final state Largest Br = 34% X Large QCD bkg

Four resolved jets  PRL129.081802 Fully boosted PRL 131.041803

e b-jet identification with deep NN [ref.] » Select events with energetic two large-cone jets
* Fully data-driven background estimation * ID with GraphNN-based jet flavour [ref.]
. ==> Considerably BKG reduction
 Simultaneous fit of: CMS szt | © imultaneous fit of : . 138 1" (13 TeV)
> LA N L L I B BN
£ 400E HH — bbbb $§ 2016 Dat S 18 CMgt _
® MVA for ggF § 350: g%l: hlgh-mHH Bkg mce)ldael ® Su b'lead. H for ggF EJ 16_ 99F+ De;t: .QCD 9gF H, VBF H VH
LLI - Agg region S Bkg. unc. 2 14f HH (=35 [ 5sjets {iH
® mH H for VBF 3003_ — SM ggF HH x 100 ° mH H forVBF L?>J) 12: - -V +ets, VV Total unc.
- —— VBF-HH (k,,=2) x 100 10F
250:— 8-
20048 |
150 n Ly 0 ¢ )
, 100" AL < -
| sof g2l |
s e Y Fos t1 T tHE TN
g (1) 3E‘a‘%jﬁ‘§+W§éfé'*%#‘éﬁ*i‘***‘#i“‘;;& i ______ + _____ 60 80 100 120 140 160 18JO _ 290;)(3'e \2/]20
G| MRt hat st iU & _ _
S 080702703704 705 06 07 08 0.9 1 Specially good constraining anomalous
0 BDT Output

When combining both

qgHH and ttHH couplings !
results overlap is removed with priority to keep events in the boosted region


https://iopscience.iop.org/article/10.1088/1748-0221/15/12/P12012
https://inspirehep.net/literature/2035644
https://inspirehep.net/literature/2681861

17 bbyy and bbTT

bb yy HEP 03 (2021) 257 bbTT PRB 842.137531
o e 19717 (13 TeY) * b-jet identification with deep NN [ref.]
> 6l | | I I | 7
e MVA separates 8 "F 4 pata ggH =] VBF H 3
o — 5— —8S T~ 3 T | o .
main BKGs T o SMARRTRXIC LIV L * T ID with deep NN developed to this ana. [ref.]
S 10°E : _ : ,
e 2D fiton myyand & o - ==> Considerably BKG reduction
mbb in bins Of mHH ? | o o o 2 E:I\’Ibst.ﬂ:ﬂ: ExpectedVBFHHx150—Expectsesz;:_;:f;e\/)
107 1 | ® Multiclassification 5 10°k ooy mmon -
e Data-driven fit 10%— — MVA separates m ain 102;_ e
estimate strictly 0 h BKGs, o
fallmg r’ema|n|ng 100 110 120 130 140 150 1?](1) 1(2%)6\1/)80 f """""
" e fit on this MVA to |
BKG . .
extract signal
10‘%— o -
e Attention to SH peaking BKGs in myy g
S 1B
S 0.5

e Separate area to constraint it on the fit

o

Considers events with merged-jet Hbb
3rd best channel to constrain anomalous gqHH and
second best constraining the ttHH coupling !

Excellent Hyy resolution + fully reconstructable
= possibility of separate mHH areas



https://inspirehep.net/literature/1832782
https://inspirehep.net/literature/2098240
https://iopscience.iop.org/article/10.1088/1748-0221/15/12/P12012
https://inspirehep.net/literature/2016054

Newcomers: bb VV hadronic

CMS-PAS-HIG-23-012

] QA Large Br =28% X Large QCD bkg
OE e : * b-jet identification with deep NN [ref.]
'V *V — 4 jets |ID with deep NN developed to this ana. [ref.]

Fully-merged
==> Considerably BKG reduction
¢ Data’-drlven QCD eStImatlon " eoQMS,F(",‘”.”?”,’?’]y, —— T ,1,3,8,ft,)_[1 (13T?V) 10CMSPre/iminary 138 fb~' (13 TeV)
< Dib QcD 1) L2735 L7 e LR RIS I R SR IY IR LI PR I
. L%) : B HI\N%\Slon ggF HHbbVV x 100 1 § i WA B\l/av(\)/\slon ;)g?:DHbeVV x 100
e MVA separates ggF and VBF production " - vermoweao ]9 oo VB AHobw « 20
i a;nfj'et“ xgi ::Esw EKQV = g; i gl Single-t VBF HHbbVV (Kay = 0) -
i +Jels Koy = i . + — =
from BKGS 40-_ Z_+Jets Total Background Uncertainty_* I ;\i J\Jeet;S ‘\:c[?tZIF[;Z:E;/:)::ZVUfC)enainty .
I H ¢ Data ' - i ¢t Data
° ° = R 6 B
* V — 4 jets tagger used on selection a; {
° - ‘ q 4__ _
e Fit on reconstructed mes 2o s
10} o | nim B
: 1 : - o, . ¢ el ‘i.qp i ] ’ ’ .
c):aoc N #: o o—+J!!Lll S S W FJ#!F‘ f‘ﬂ T VA N SV -
- =k T 1= t a
2rd best channel to constrain 3t { ] ] l l B o g | e e ;
1.0F i et ¢ ! :
anomalous qqHH ! 1 1 XIS [ l ‘. l | o l ] RER :
0.5:— _: i . 1 ¢ | <
0.0bL AR SRR R o SR SR e 0’.1T. ].&. i ll.l.--l.. Braf G el o 7 A1 ]

' L L ' A I L ' ' L 1 1 | 1 l 1 1 1

175 200 225 250 50 75 100 125 150 175 200 225 250
bb

MRag (GeV) MBeg (GeV)

50 75 100 125 150


https://cds.cern.ch/record/2904879?ln=en
https://iopscience.iop.org/article/10.1088/1748-0221/15/12/P12012
https://inspirehep.net/literature/2016054

Newcomers: WWYyy and 1TYY

MVA separates main BKGs

Fit on myy and meb in bins of muH

Explore excellent Hyy resolution, closing all
HH decays possibilities

* Data-driven estimate of strictly falling remaining BKG

lllllllllllllllllllll

CMS Prellmlnaly 138 fb (13 TeV)
> L T I P e e ) A U R M R U R e A R R I R R L O L A B e
B soF HH—>WWW AII Categones _f
-~ - my, =125.0 GeV S/(S+B) weighted
= 0 ¢ Data g=
® —HH+H+Bfit 3
> 60% wwvv —— H + B component 3
o % . = : B component
c : Bl t1o
= [+20c
=
m
+
e
%

N W
© O
Illllllllllllllllll
w
A <4
1 J 4
,,"
e —

—
o o
=
—®
—
%

H + B component subtracted _§

IIIII |IIII|IIII|IIIllllllIIIlllIIIlllIlI:
100 110 120 130 140 150 160 170 180

m,, (GeV)

Events / 2 GeV

(Dospite the finy BR (0,037

 still produces an upper limit;

CMS Prellmlnary 1 38 fb (13 TeV)
= E Non- resonant IHH — YYTT ; Data R g
e c-=B+H —B+H+HH
S g‘ . 68% expected| |95% expected —f
o :
2 ‘ =
1:. \‘ o0 ) o0 _E
o Ll o BRALA e e ettt el el

110 120

130 140 150 160 170 180

of ~ 30 times the SM


https://cds.cern.ch/record/2840773?ln=en
https://cds.cern.ch/record/2893031

On channels complementarity

PAS-HIG-20-011

. CMS Supplementary | 138 fo” (13 TeV) CMS Supplementary 138 fb' (13 TeV
i > L A L R L B B L R A
2 | TR E Ky = 1 —— bbbb — WWyy 1 S K, = K= 1 —— bbrr —— bbbb, low m,,
. . b|—10 3 bbyy yyTT 3 = o VTR T 1 bbyy
Need im provement If we want IR —bbrt e Median expected o 10 Multilepton ~ «sees Median expected
_ — | e DOWW - Observed § S~ DWW - Observed
to add as add. Material T 10° Mulilepton i £ . — Wiy
: — bbZZ, 4l ] 10 —— bbbb highm_, ggF
t : t "
Q Q.
21 5 o
@) . ©
CMS Work in progress 138 fb' (13 TeV) c i c
I 1 1 1 I 1 1 1 ] I 1 1 1 1 I 1 1 1 1 I ] 1 1 1 I 1 1 1 1 o O
i, =1 T S — = =
K, =1 —e— Best fit value —— Theory prediction E e S NN E c
Ky =1 = F et s A N, - =
I 1
. . O .Z;._::;: .... O
. \O ..:I:;;:.:.:.:. \O
Multilepton < O - 0O
Koy = -1 '40:’.12..14: (@) (o))
_ o -10 -5 0 5 10 15
bb yy . K.
Ky = 0.10728
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21 On channels complementarity
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