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Introduction

* The Higgs boson has been observed decaying to

- massive vector bosons (Z, W) and photons,

- third-generation charged fermions (b, T),
e coupling to top quark has also been observed.

e The interaction to the 1st and 2nd .

EP> 1 ATLASand CMS

gen fermions not observed yet. 2 jren
* Small deviations from the SM R
expectation might reveal the - St |
presence of new physics, » = oot
= 1955 T R
- rare decays could be modified by ° R ¥ e
new physics interactions. F b

Run-l1”

wZ
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137 b (13 TeV)

w

S

=]
T

In each region (except VBF).
— categories with different signal purity, e

=3
S
T

* The search is divided by the production modes: Soloe e E
- VBF (no b jets, no additional leptons, VBF selection), S ? EE;? g'
- ggH (no b jets, no additional leptons, VBF veto), o —
- WH (no b jets, 1 additional leptons),
- ZH (no b jets, 2 additional leptons), - ﬂ
- Leptonic ttH (=1 b jets, 1 add. leptons), e o ol
~ Hadronic ttH (>1 b jets, 2 add. leptons). 3 CMS*(())
« A multivariate discriminator is trained aze g

- fit the Higgs boson peak dimuon mass.

] I IR I N N N N
110 115 120 125 130 135 140 145 150
m,, (GeV)

S. Donato (INFN Pisa) Rare SM Higgs channels 5


http://dx.doi.org/10.1007/JHEP01(2021)148

l I N EAN JHEP 01 (2021) 148 H IggS — l"l I"I

* Muon track fitted using
primary vertex,

- p; resolution improvement
(3 - 10 %).

original p (13 TeV)

“" p after PV :-0.08J\||‘u\||u|\‘l\u‘u\\|\\|\‘|u|]\|v\||ul‘\|u7

“ . (6 : . . .
correction 007E CMS Simulation Supplementary

[ yesszmssmsues ggH, w/o correction, HWHM = 1.81 GeV

C ggH, with correction, HWHM = 1.70 GeV

JURLVLE) VBF, wlo correction, HWHM = 1.91 GeV =
F VBF, with correction, HWHM = 1.76 GeV

TR TR T TR T A v
Tracker P00 a1 122 125 124 125 126 127 128 129 130
m,, (GeV)

* Final state radiation (FSR)
energy recovery:

- p; resolution improvement (3%),

- signal efficiency increase (2%).

FSR
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* Background model:
“core” function x “empirical” function.

A

. core function
"x“core function x polynomial

Events

Core function:

- shared among all the categories;

- based on theory to model the Z/y* - uu line-shape.
Empirical function:

- Chebyshev polynomial specific to each category.
Thorough bias studies:

- pseudo-experiments generated with alternative
background functions.

Reduced number of free parameters >
— Improved sensitivity ~10% w

polynomial

[ }
Ratio
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VBF Higgs — pp

* Simulation-based analysis in VBF category:

— signal extracted by fitting a DNN
discriminator in

* signal region:
m,,,=115-135 GeV,

 side band:
m,,,=110-115 & 135-150 GeV.

The m,, is an input of the DNN;

* in the side band we manually
setm,, =125 GeV;,

- background estimated using -
simulation templates;

- expected sensitivity: +20%.

Side band

137 o' (13 TeV)

107F
: CMS
10°F postfit
[ VBF-SB Run2
E m, = 125.38 GeV

—
¢ Data  [WZj-EW
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d)z T .
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Signal region
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— e

— T
*c CMS ¢ Data HH-pu
"E Postfit Wzjiew Wy
10°F VBF-SR Run2 [ Top quark []Diboson

m,=125.38Gev ~ — VBF —9gH

M
12
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e Results:

- p-value: 3.00 (2.50 exp.),
- M =1.19 £ 0.40 (stat) £ 0.15 (syst) - statistically limited.

35.9-137 fb' (13 TeV)

137 o™ (13 TeV) 137 6™ (13 TeV)

2147”"”"”"””"”"IH'”"”"H— T L 1 Q L) CAnis RASAS RALEY RS RARRN RAREN ERRE
% i CcMSs B CMS Combined i =1.19°0% c_;s +
o L my=125.38 GeV 1 L —— Combined best fit © é-
- Ky = 1.07fg"2222 at 68% CL 5 VBF-cat. }1=1-36_+:f19 - - - - SM expectation g
i i [ 68% CL -
B [ 95% CL b

il ggH-cat. | p=0.63"%

-0.64 m,, = 125.38 GeV

» _ +2.27
ttH-cat. | Rr=2327

I VH-ocat. | =548, = 10°F —Combined — VBF-cat.

of . I m [ Observed — ggH-cat. ttH-cat.

L o e e 88% CL i — VH-cat.
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Higgs - Z p/¢

| CMS Experiment at the LHC, CERN
| Data recorded: 2018-May-18 01:11:35.832512 GMT

Run / Event / LS: 316505 / 182749938 / 166
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* Higgs boson decay
to Z p/¢ is mediated
by three LO diagrams

* Direct coupling to
guarks is suppressed
by a factor m 2/m, 2.

- 2HDM with SFV predicts enhancement of the Yukawa coupling
up to 30, 500, and 2000 for s, d, and u quarks.

* SM prediction:
- B(H-Zp)=(1.4+0.1) x 10-5
- B(H-Zo) = (4.2 £ 0.3) x 10-¢
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* Z boson decay: 5 O Shon g
— single lepton (e/u) trigger, §04 | solaregon ]

— exactly two opposite sign same flavour [
leptons with p; > 20 GeV, 207 e )

- no additional lepton. Lol ]
. 0 0.05 0.1 0.15 AI%Z
« Two isolated tracks (p; > 1 GeV) g prmm———
% i imulation : ’ b
from p/q) decay’ §08i —grellf(q;nj
- close between them (AR<0.1), S g | B i
- leading track with p; > 10 GeV. ot |
» Select track pair with the largest p-. ozt |t ]
- selection efficiency: 98—99%. O°”5'"°"15L§‘;d?ﬁgﬁ?a§§-;‘f[éi{,ﬁ
12
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* No additional track in a cone of AR<0.3 Gosoon CUS  om ]
. o 30000 -

around p/¢ candidate. 2 25000,

} ) 2 200007 ]

* Ditrack mass windows: 15000 ]
10000 syeemet™*e " senus,, ]

p: 0.6 < M, <1 GeV (mn =139.6 MeV) sooo:L ""'"'"mi
N f

0 2 4 6 8101214161820

- ¢:1.005 <my, <1.035 GeV (M¢=493.7 MeV) " GeV]

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

L I R L R I IR 2 ]
g osign“f?t —H-2 - 52:6 ginnﬂf;t/ —H”ZPE
> f ed region = Selected reg E
Soas o £ —n — 1 * Measurement of the
2 5o E < o ] . . . _
; ] ] Isolation cut efficiency:
0'15§ 7 o.oei— f
o ] 0.04¢ ] — tag&probe in
0.05F - 0.02F =
S s O ] R W Z - uu data.
099 1 101 102 103 104 1.05 04 05 06 07 08 09 1 1112
my [GeV] My, [GeV]
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H -

Z plP

_ _ _ 5 s B RS
L ata ] L ata ]
Signal template from simulation & |cus ;za;kg,m, s ¢ oo
— 400~ uncertain ! = uncertain
- . % :Eki z¢,; =ot.y7% %4000 2 !Eki Zp,; =3f.yoo/o_f
Analytic background function £ HoZ¢p T H-2Zp
. 200f ] 3 ]
— Polynomial (2nd-5th deg.). *
100 1000
Limits obtained for the isotropic, et e e
> {pm22000000e_ 0 o0 ya 0y u FEIN PR TR XY
. . W hG Cd ML I '¢
longitudinal, transverse 2, - A e
(@] 120 125 130 135 140 145 150 155 160 165
p 0 | ari Z at| on My [GEV] My [GEV]
IIKK
g [ CMS -o‘-Obser\;:;'br‘(mTeV) g 2.5;('.:“"3 —o—gbser\t::;;m UaTeﬁ
1 = 1= Supplementary — Expected 109 - Supplementary ~+Xpe°iex rctod ]
No signal excess. 1L HoZe ZEmel 1 d Hozp DimE
ol C I I 1 L | I ]
- - . ) L I I m 1.5 | | 5
Limits on BR: s oo | | 15 | e
= r | | g = . | 5
£ 04l | | . 8 £ = | P
. . o 1 . [ 3 | O
- B(H - Zp): 740-940 x Bg,; & b T " E B 1 E
El) 0.2_ I I 3 0.5 : I
L o
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@ETNEULPWS.J.CN(ZMQ)% nggs - J/LlJ y

* The decay H - JIY y can be mediated by
the Higgs boson coupling to charm quark,

— other diagrams contributes to the decay.
 The SM prediction of the decays is

By, (H — J/Wy) = 3.0 +0.2 10, 5 o
- Analysis performed on 2016 data G %0 g
i 2 40:_ I Expected resonant backgroundx20
- Exploring the J/4 - pp channel. T ;
30 f =
 The 95% CL upper limit obtained is 20!
- BR < 7.6 104 (260 X Bg,,) 10|
C . . . ¢ . A
o (See A|iya’s talk on H = CC) 700 105 110 115 120 125 130 135 140 145 150

M,y (GeV)

e
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Higgs — iy

 Search for H - £y performed in two channels:
- H - y(uu)y (m, <50 GeV) [BRg, = 3.8 105],
- H - Z(®)y (m,>50 GeV) [BRgy, =5.110%].

* Categories with different purities.

 95% CL upper limit: p < 3.9 (u < 2.0 exp.)
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 Evidence at the 3o level forH - pp

has been shown, gh [T T T
. _ E - CMS Supplementary wZ .73
- Alarge improvement has been obtained wrt = |, _ 12538 Gev PR
the previous analysis. &>10"F pvalue = 44%
» Limits have been set on the Higgs boson  ~ el T bf,x"'
decays with a meson in the final state. o .. ..
L P H|T
* Further improvements will be obtained with ~ 10°Fn .~ A .n _
Run-3 data, and finally with HL-LHC data. -
. y 10_45— .E.. Q
* We are probing the Higgs boson decay P — ——
branchion ratios at the level of 10-4 ! R T— H ................. .ﬂ--.i--
- No significant deviation from the SM prediction € 0855 g
has been found, so far... particle mass (GeV)
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