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Samples Data events passing
(data, MC) (diphoton) HLT-paths

For example in 125 GeV H—yy analyses
HLT Diphoton30.18.R91d.0R_IsoCaloId AND.HE R9Id Mass90 (2016) Trigger efficiency is measured
from Z —ee events using the
HLT Diphoton30.22 R9Id.OR_IsoCaloId ANDHE R9Id Mass90 (2017and 2018) tag-and-probe technique (JHEP
HLT Diphoton30.22 R91d_0R_IsoCaloId AND HER9Id Mass90 (2022) 10 (2011) 132)

For example in (very) low-mass BSM H—yy analyses

HLT Diphoton30EB_18EB_R9Id_OR _IsoCalold_AND_HE_R9Id_DoublePixelVeto_Mass55_v’
HLT _Diphoton30PV_18PV_R9Id_AND _IsoCalold_ AND_HE R91d_DoublePixelVeto_Mass55 (2016)

HLT Diphoton30PV_18PV_R9Id_AND IsoCalold_ AND _HE R9Id PixelVeto Mass55 (2017)
HLT_Dip}lotOHSO_lSR9IdLAND_HEANJSOCaIOIdNoPixelVeto (2018, 2022)


https://doi.org/10.1007/JHEP10(2011)132
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Data events passing
(diphoton) HLT-paths
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Energy scaling and smearing:
using Z— ee events with electrons
reconstructed as photons

MC corrections

Run2: Chained Quantile
Regression (arXiv:1211.6581,
extremely complicated and
time-consuming)

Run3: Normalizing flow
(arXiv:2403.18582)

Preselection to mimic HLT,
photon ID MVA cut (>-0.9),

electron-veto, photon p;/M,, ...

Per object strategy

A dedicated Vertex
ID MVA to select the
primary vertex (Run2)

Validated on Z—puu events,
by refitting vertices ignoring
the muon tracks

Run 3:

‘0% vertex” corresponding
to the hardest scattering in the
event, evaluated using tracks

Photon ID MVA
trained to
distinguish prompt
photons from jets

Validated on Z—ee and Z—=puy
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2D: di-jet BDT and diphoton BDT
Or combine BDT (HIG-16-040, LM

HIG-20-002 )
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electron-veto, photon

Preselection to mimic HLT,
photon ID MVA cut (>-0.9),

p/M,, ...
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Samples
(data, MC)
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Data events passing

Preselection to mimic HLT,
electron-veto, photon p;/M,,

Signal model derived from MC simulation,

with corrections (trigger eff, data/SFs, ...)

S/(S+B) weighted events / 0.5 GeV
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Event categorization
on production modes,
mass resolution and
S/B to improve the
analysis sensitivity

Background model derived from data,
using the envelope method (discrete
profiling method, 2015 JINST 10 P04015)



https://iopscience.iop.org/article/10.1088/1748-0221/10/04/P04015
https://iopscience.iop.org/article/10.1088/1748-0221/10/04/P04015

S/(S+B) weighted events / GeV
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Preselection to mimic HLT,
photon ID MVA cut (>-0.9),
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Results

III|IIII|IIII|IIII|IIII|IIIIT

|IIII|IIII|IIII|IIIIL

IIII|IIII|IIII|III
B component subtracted

S/B to improve the
analysis sensitivity

Event categorization
on production modes,

Signal is extracted by a simultaneous maximuim-
— lIkelihood 1it to the diphoton mass in all event classes

125 GeV Higgs boson: mass, signal strength, cross sections (inclusive,

III|IIII|IIII|III |IIII|—
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differential, STXS), couplings and anomalous couplings, CP,-

BSM Higgs: upper limits and significances 7
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> Measurement with 2016 data: 4 untagged event classes + 3 VBF classes (see details in
Chenguang’s talk) myp = 125.78 & 0.18(stat.) &= 0.18(syst.),  Pprecision at per-mille level

CMS
Run 1: 5.1 6" (7 TeV) + 19.7 fo ™ (8 TeV) —Total | |Stat. Only The observed impact of the different uncertainties on the measurement of my.
2016: 35.9 o' (13 TeV)
Total (Stat. Only) Source Contribution (GeV)
Run 1 Hoyy = 124.70 £0.34 (£ 0.31) GeV Electron energy scale and resolution corrections 0.10
195.50 < 0.46 ( + 0.42) GeV Residual pr dependence of the photon energy scale 0.11
Run1H-2z-4l 59£0.46 (+0.42) Ge Modelling of the marerial budget 0.03
Run 1 Combined — 125.07 + 0.28 ( + 0.26) GeV I ﬂnnumformity of the light collection 011 |
_____________________ Total sysiematic uncertainty 018
2016 H-yy ==t 12578 +0.26 (+0.18) GeV
Startistical uncertainty 0.18
2016 H— ZZ— 4 e 125.26 + 0.21 ( + 0.19) GeV Total uncertainty 0.26
2016 Combined -%-—- 125.46 + 0.16 ( + 0.13) GeV Phys. Lett. B 805 (2020) 135425 \
Run 1 + 2016 e 125.38 £ 0.14 (+0.11) GeV CMS Simulation Preliminary Large uncertainty
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https://indico.ihep.ac.cn/event/22941/contributions/171366/
https://www.sciencedirect.com/science/article/pii/S037026932030229X?via%3Dihub
https://cds.cern.ch/record/2904358

H—yy fiducial cross sections tasrzerase
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http://cds.cern.ch/record/2904882?ln=en
https://indico.ihep.ac.cn/event/22941/contributions/171373/
https://link.springer.com/content/pdf/10.1007/JHEP11(2021)220.pdf
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-014/index.html

H—yy differential fiducial XS tagssses
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» Fiducial XS measured as a function of observables
v Full Run2 (JHEP07(2023)091): ~20 observables of the diphoton system as well as jets;
numbers of jets, leptons, and b-tagged jets; two double-differential XS measurements

v’ 2022 data (CMS-PAS-HIG-23-014): 3 differential observables Higgs p; and |y|, N,

Je
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In agreement with the SM prediction within the uncertainties ICHEP2024
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» Provide a unique opportunity to probe the Higgs
boson-charm quark coupling
» Two BDT classifiers to distinguish ¢cH and ggH, to
distinguish cH and the continuous bkg
» Upper limits on the cH signal strength < 243 (355)
X Gg Obs. (exp.) at 95% CL
» Constraints on H-c quark coupling modifier
K. < 38.1 (| |< 72.5) obs. (exp.) at 95% CL
" 1 s — I‘I38|ﬂ:'l‘{1;‘3Tq=7V}_ " N — |138|fb'l'{1l3Te|=\-’}_
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First search for cH, H—yy
CMS-PAS-HIG-23-010
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c-tagging
(CvsL score>0.25)

Tagger

Deep]Jet P(c)+P(uds)+P( g)

Dominated by
the statistical
uncertainty of
data, sub-
dominated by

on
cH signal and

resonant bkg
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BSM: low-mass H —>YY W%Wﬁ

Cﬁ /'4 fmny

19.7 fo ' (8 TeV) + 35.9 fb™' (13 TeV)
T T T T T T T T T [ T T T T [ T T T T

> Many BSM models (e.g. 2HDM, NMSSM)Q - LEP,

1 & 3
predict additional Higgs bosons, Some of — i g
which could have masses < 125 GeV ( g
-1
> Final LEP SM Higgs boson search results: "
2.30 local excess at m, = 98 GeV
2 _
> Discovery of extra Higgs boson(s) would " & sy e gg:g:ggﬁ;.ig\,
be an unequivocal sign of new physics 107" Copacod s oy
10712 S EXEEEEE SEST:\ef\,;—‘IS TeV
-3 G N T R R A A I
10 g9 'slsl “90 95 100 105 110 115 120 50 o5 100 nléfeev;m
» We have performed the LM h—yy o m,(GeV/c?) "
search since Runl at CMS - FCaczzlﬁps:glla ,J'II' e';thJHEPlZ (2016) 068 NMSSM: 3. Fan. 3T, ot al. i
] ighter scalar Higgs : J. Fan, *), et al., Chin.
v’ 2012 data (HIG-14-037, PAS only) : 21 Gypr /vH—h X BRp—rry I YHDM I Phys. C 38 (2013) 073101
~20 local at 97.5 GeV o1 ] -

2HDM: G.Cacciapaglia, JT, et al
JHEP12 (2016) 068

CMS 2012 NMSSM: JT et al,, Chin. Phys. C 42
heida . (2018) no.10, 103107

v’ 2016 + 2012 data (HIG-17-013, PLB
793 (2019) 320-347): 2.8c local (1.3c
global) significance at 95.3 GeV

ope{ Necves oof

overviBRh o (pb)

0.06 " “ i .

004 1 Georgi-Machacek model: C. Wang, JT(*)

002 & et al., Chin. Phys. C 46 (2022) 8, 083107

» Performed interpretations with : SO BRI TR
Several BSM 050 85 90 95 100 105 110 12



https://www.sciencedirect.com/science/article/pii/S0370269303006142?via%3Dihub
http://cds.cern.ch/record/2063739?ln=en
https://repo.scoap3.org/api/files/fb6536ae-0ce5-4f9d-99f6-684999098dad/10.1007/JHEP12(2016)068_a.pdf
https://iopscience.iop.org/article/10.1088/1674-1137/38/7/073101
https://repo.scoap3.org/api/files/fb6536ae-0ce5-4f9d-99f6-684999098dad/10.1007/JHEP12(2016)068_a.pdf
https://iopscience.iop.org/article/10.1088/1674-1137/42/10/103107
https://iopscience.iop.org/article/10.1088/1674-1137/ac6cd3

> Analysis strategy is similar as SM H—yy

except for relic Drell-Yan (Z2>ee), in the
diphoton mass spectrum

v Dedicated HLT paths then event (pre-)

v

» Modest excess with ~2.9¢ local (1.3c

selections

Dedicated DY suppression strategy and

modeling (a double-sided Crystal Ball
function + an exponential)
Retrained photon ID MVA and

diphoton BDT training, optimization of

event categorization

global) significance at m,,= 95.4 GeV

v

excess did not grow with luminosity,
but remains intriguing

More results and interpretations

Accepted by Phys.

Lett. B (Oct. 2024)
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Low-mass H—yy

CMS Low-Mass H->yy team
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-002/index.html
https://arxiv.org/abs/2405.18149

» Two photon resolved case with m,
€ [1, 30] GeV, with Z->pup or ee

» Developed dedicated photon ID by
removing G;,;, and PF Photon
Isolation from official cut-based
photon ID

Exotic decays of H: H%Zaéllwy
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» Trained an event BDT for event
categorization to improve the :
sensitivity

Events / GeV
(LI RARRRARN

» Use llyy invariant mass spectrum to -

extract signal in data
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S e—— f} | ++|T
o C ) _
138fb1(13TeV) 0-5_....|....|....|..‘.|..‘.|....|....|....|....|....
' ' ' 0 01 02 03 04 05 08 07 08 08 1
{ Data BDT output
— S+B fit -1
----- B component 102 ?MS 138;fb {131;9\/)
[ES K i
—— Observed ;
[(1#¥20 ---- Me?j?a?eexpected

I 68% CL, expected;
95% GL, expected;

» Statistical uncertainties dominate

o(pp = H)xB(H—=Za — 21+ 2y) (fb)

E . 1 1 1 1 n n n _1 111 111 | I | 1111 | N | | I
100 110 120 130 140 150 160 170 180 0 5 10 15 20 25 30

First LHC result in the H—Za—llyy final state

Meeyy(GeV) m, [GeV]

2.60 (1.30) local (global) significance at maléB GeV


http://dx.doi.org/10.1016/j.physletb.2024.138582

Summary

» Measurements of Higgs boson properties with H—yy were
performed with Run2 13TeV 138 fb! and 2022 13.6 TeV 34.7 fb-1data
(fiducial XS): all results are compatible with the Standard Model

» No direct evidence of new physics yet, but mild excesses (2-3c) In
low-mass H—yy and exotic decays of Higgs boson with H—Za—llyy

» More Run2 (H—yy Higgs mass and anomalous couplings, very low-

mass H—yy,...) and Run3 results (H—yy STXS, low-mass H—vyy,...)
are coming ... stay tuned!
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H—vy : signal strength and couplings

CMS o Observed — +1o (stat ® syst) Signal strength modifier (i) is defined as the ratio
H = yy, 187 17 (13 TeV) [7 +io (stat) between the measured signal cross section and the
my = 125.38 GeV, SM:SD% -
: i ™o B S SM expectation
- tor orgE e osE . &
18 B o 1 04+034 +0.14 +0.07 +0.31 ll'lf, = SM Hf — i f
VBF i 031 ~0.07 0.06 030 O ; | G M
e =3 el 3@ 9% 3 i o A P
- M, = T =Hi XH
o a 1as0%  an 0w o (0; - Bsm
N OOYTEE In agreement with the SM predictions
0.5 1 15 2 2> 3 35 cMs 137 b (13 TeV) CMs 137 o' (13 TeV)
JHEPO07(2021)027 ~8% precision  Parametervalue & [T 4 2 llql.Bln'_s_c'
: . . =TI ,m, = 125.38 GeV — 145 _ e(?o' E o
Production and decay parametrized in terms | " " o 180 e M.
of coupling modifiers (x-framework) : “E 12F v
measurements of coupling modifiers to vector 13 15 11E
bosons and fermions (xy, ;) and to photons and o3 1
gluons (x,, ;) of JHEP07(2021)027 10 0sF
ZFSM 705; 4 Best fit 0.8;—
oi>H— f)= K2 SM s fSM F _68:/"gt i B 07E
FH —1;— .zSM/ - 0_65_ H = vy, m, = 125.38 GeV ;
o =k (&)- o I/ =k2(®)- T/ B T R e K = asal oo aleslod glp s
Ky Ky



H—yy simplified template cross sections i

Chinese Academy of Scie

~ cMms 137 b (13 TeV)
The primary goal of STXS frameworkis ¢ «c . JHEP07(2021)027 o
to minimize the measurement P FE wman ow Mo | 3
dependence on theory predictions Tl o

il e 123 g e
R

H— vy ly <25
STXS stage 1.2: maximal

without losing sensitivity, also maximize

- . - e m,=125.38 GeV, P,,= 31% |
sensitivity to beyond SM physics
050 25 i —;m
o 1.2 : 1 I I + + I :Eg
. | sonchoen | 1K Lz | e | B e | | e =4
Stage 1.2 BSM'I'I(EI }% o.g—l I | I I [ ="
o 0 :D
I Tp- I Tp- I T T Te @ = @ o = a & T T
: 2z 7 2§33 3z 8.z 879
& &8 8 3 8 3 3 § ° v tH
BSM bins

» “Maximal” merging scenario (17 POI): STXS bins
are merged until their expected uncertainty is

less than 150% of the SM prediction
v" Measurement of and ' simultaneously
v" First and best tH measurement

All o results are in agreement with the SM predictions 19



ttH, H_)W an d CP ‘fw’;z;;gi”;“ﬂ

Chinese Academy of Scie

» Presented the first single-channel observation of the ttH process, along with the first
measurement of the CP structure of the Htt coupling

v" Signal strength: Two BDTs with each for each leptonic or hadronic

h | to disti Ish between ttH and bkg events (8 categories
channetto AitNgHIsh betw J ( 0 ) pure CP-odd model of the Htt

v' CP: a BDT to distinguish CP-even and CP-odd contributions coupling is excluded at 3.2c
CMS 1 37 fb (1 3 TeV) {00 CMS 137 b (13 TeV)

S L U UL L T ] s ! ]
S . g Dat .
> 60f t Data Ezé — Stat+Syst H / — 1.38" 0.36 90 + H? . 07000t B
0] - —S+B . — Stat only ] . )" IIH —O 29 80:— — fCF" = 0 , 3 —0Observed 1 3

> 0 :_ ....... Background é‘@r SM expected A7 g f"'“ _ 1 < “Expected /
c [ WM<l <30 /- /%1 = 1.38 057 (stat) o7 (syst) 70F  CPT 8o/ 1
> - 206 N 20f | / 50] c =3 [ E
w40 — Y : 451 o o) 60: L.88% Gl el
= 10 N4 %14 ~20% precision @ sob 520408081 4
< B RO NP ATV AT, c s Hit .
_% 30 0051152253354455— ° .oFk fer =
- PRL 125, 061801 (2020) L = .
= 6.6 (A7)0 - o E
I ] %, |> 20F =
0 F . i — T _sign(R,/x, B |
5 10:— 4' ‘}ILL — CcP | ‘2+| r|2 ( t ) 1ok | E

?oo 11|o 12|o 1éo 1;,0 1éo 1f|30 170 180 g}f = 0.00 £ 0.33 at 683% C.L. 0 bin 1 bin 2 bin 3
m,, (GeV) D 20


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.061801

H—yy fiducial XS et

71'g/'£ gy}’_y
Cf /1 ademy of Scie

Maximum Likelihood Unfolding
Fiducial phase space

pri=m, /3, pr=m /4 » H — yy uses maximum likelihood fits to fiducial cross sections with
In¥|<2.5, Iso_¥<10 GeV profiled nuisances

TRUTH

» Unfolding through full detector response matrix K, parameterized
as a function of nuisances, included in the likelihood

Egj(data\Ac_?"ﬁd, kg, 0s, ) =

Iij

ij ij
" -+ My g

”lf”_w[fr Aa};‘dK”(ﬂ )S”(m,},,rlﬂc;)L + nOOASOOA(mTTWq) + nbkgB’f(mT,AE’B) ) e
Slg

=1

» ML unfolding allows accounting of bin migrations and correct

modeling of systematic uncertainties in all regions of the phase
Outside of Acceptance Space.

» In H — yy no explicit regularization procedure was needed so
far, performed ML unfolding was sufficient

21



» Light collection efficiency as a function of depth (z) simulated
(CMS-DP-24-045) to determine energy scale corrections — dedicated

uncertainty assigned to the correction

Energy scale correction factor F

fEdep X LCE( R/R(}, T}) dz
e e

. S _ | Edep z)dz

57 [ Eg,(2) X LCE(Z' R/Ru,n)dz
j‘ dep
CMS Simulation Preliminary

uJE _"l"'l"'l"'l'"I"'I"'I"'I"I"'I"'I':
o012  E.-20GeV  E,=20GeV ]
: E, =100 GeV E, =100 GeV E
0.01 — /"K. E.=1000GeV - E, = 1000 GeV |
00035— y X -
0.006— \x .
0.004|— & —
/s N :
0.002- N -
;.‘ \\\‘_\;

ok
o

e and y shower profiles

80 100 120 140 160 180 200 220

z (mm

» S. (S, ): ECAL response to electrons » Key elements include electron/photon shower profiles (Geant4) and
(photons) light collection efficiency in ECAL (Fluka + Litrani) depending on crystal
» Fqep(2): shower profile in PoWO, transparency
(Geant4) » This approach should significantly reduce uncertainty in full Run 2 mass
» LCE(z): Light Collection Efficiency, measurement

simulated with Fluka+Light-tracing
(Litrani code)

» R/Ry: ECAL laser response measured
in data — per-run corrections possible

~ 105F
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100

8X

I
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Light Collection Efficiency

CMS Simulation Preliminary
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z (cm)

0.0<|n/<0.1

- RR,

-~ R/R,; =
- RR, =
=0.984
=0.973
—e R/Ro =
-+~ RR, =
*R/R, =
=0.880
RR, =
RR, =
--RR, =
=0.817

-~ RR,
-~ R/R,

R/R,

- R/R,

- RJR0 =
e R/R0 =
- RR, =

=0.998

0.996
0.991

0.954
0.937
0.914

0.856
0.841
0.829

0.806
0.785
0.765

FNUF-correction

different scenarios of
crystal transparency, R/R0

1.0005

1

0.9995

0.999

0.9985

0.998

0.9975

0.997

FNUF correction

Correction of light collection non-uniformity

Take into account the impact of the radiation
on the difference of the shower profiles

Y@ M ?%:é; MWM #

In u‘ntute af7-[1gﬁ Energy (Pfyncs
se Academy of Sciences

CMS-DP-24-045

CMS Simulation Preliminary
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Z4¢°
Energy (GeV)

0.0 < || <0.1
—R/R, =0.998
— R/R, =0.99
— R/R, = 0.991
—R/R, = 0.984
—R/R, =0.973
— RIR, = 0.954
— R/R, = 0.937
R/R, = 0.914
R/R, = 0.880
RIR, = 0.856
R/R, = 0.841
— R/R, = 0.829
—R/R, =0.817
— R/R, = 0.806
—R/R, =0.785
—R/R, =0.765


https://cds.cern.ch/record/2904358

SM-like LM H—yy search with full Run2 .
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CMS S:mu!arron Supplemenraty 2018
C T T ]

[ —90Gev ggH

0.1 . Public results

| —Dbpymc

» Major changes wrt prior version (PLB 793
(2019) 320) (2012+2016 data):

v" AKinematic diphoton BDT (pt/m_, 77, coS(g,,- [
¢,2), both Photon ID MVA scores, mass 0.061-
resolutions wrt correct and incorrect vertices, [
vertex probability) for sig and bkg ,
discrimination retrained and reoptimized for 0.02-
events categorization, for low-mass case :

Events /0.2

The 2 additional cuts can
reject ~60%-70% of the relic
DY events while keeping

] ~92% 90GeV signal efficiency
- in 2016-2018 analysis, on top
] of pixel seed e-veto

0.04]

D_.--...\...Iu..l. Lo
0 2 4 6 8 10 12

v Relic DY (Z>ee) veto (based on pixel In(Y" p&/GeV?) of chosen vertex
detector hits) reinforced with:

CMS simulation Supplementary 2018 CMS simulation Supplementary 2018

. . . 0.006
* Rejection of photon candidates also

reconstructed as electrons 0.005

« Maximum value of In (Zp;2/GeV?) [tracks in 0.004

chosen vertex] as function of p;* (GeV):
In (Zp;2) < 0.016 p* + 6

v’ 2017/18: events with additional jets
selected for class targeting VBF process

0.003 0.01

0.002
0.005

In(} p_ijeV2) of chosen vertex
In(y. p_";/GeVz) of chosen vertex

o
o
o
—_

o

0
UU 10 20 30 40 50 60 70 80 90 100 UU 10 20 30 40 50 60 70 8O0 90 100

v'  2016: data reanalyzed with an improved o"GeV GeV
calibration (legacy data) 90 GeV ggH DY MC


https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-002/index.html

LM H—yy ‘signal’ strength compatibility ...=".....

nstitute of High Energy Physics

Academy of Sc
CHE Su Jememar 132 fb 13Te‘u’
e — ( ) CMS Preliminary 19.7 fo'' (8 TeV) + 35.9 fb' (13 TeV)
T T I T T T T ] T T T I T T T T I T T T T | T T T T I T T T T
;n' - Combined + 16, Hoyy [ .
2016 Class 2 145 P | 1 — n . . Combined + 1o _
2016 Class 1 | 0.61%°% - er class = 16 8TeV Class3 | 0.8 %) | |
— =] '_ . EEEE — —
2016 Class 0 |0.69 ;j”j;‘ === L=l s . Y
s . SM — 8TeVClass2 | 1.5,
2017 VBF Taqg —{J 03 o : ﬂ - 0.33 +0.19 — : n - 06 +0.2 —
N bined 012 = B +1.0 . - VY 0.2
2017 Class2  [0.09 e . combine 8TeV Class 1 |[-0.4 "] . combined
+0.40 m, = 95.4 GeV m, = 95.3 GeV
2017 Class 11 0.07 . H n 8TeV Class 0 | 0.1°°¢ - H
’ L]
2017 Class 0 |-0.01 % . — . n
| — +1.3
2018 VBF Tag | 0.41 0 - 13TeVClass2 | 1.4 44 ’ HIG-1/7-013
p— - — — . —
2018 Class2  |0.10 /7 13TeV Class 1 | 1.5 ‘% i
1 L]
2018 Class 1 n 50 ;?j: Y " ]
a6 — 13TeV Class 0 | 0.4 7 .
2018 Class 0 | 0.31 Ll 1 - Cl | | .
? 'qzﬁ 1 1 1 I | 1 1 1 1 | ] 1 1 1 _5 O 5 10 15 20 25
-5 5 10 15 -
-~ U
1

* for the 11 event classes :
¥> compatibility probability: 68%

HIG-20-002
Public results

24


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-013/CMS-PAS-HIG-17-013_Figure-aux_013.png

HIG-20-002: comparlson W|th ATLAS

CMS Preliminary 132.2 b (13 TeV)
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Also employing BDT classifier my[Gevi
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https://cds.cern.ch/record/2852907
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-035/
https://arxiv.org/abs/2306.03889

Search for neutral scalar ¢=217

CMS

ur +et., No b tag, p "> 200 GeV

‘f’ﬂf‘f’??’iﬁ) /#%‘f/zqwf'{

ng i Ene gy y
emy of Sc

138 o (13 TeV) 10°
5(}(}_I T | T T T T | T T | T T | T T T I_ ; l
L CMS + Obsewed L

[ = Bka.
400}

» tt final state: identified with
higher purity than b; well
estimated tt bkg; typically
larger BR;

[ Jetss, 10

o
[ ] Others
[ Bkg. unc.
——— g9¢ @ 5.8 pb (m,= 100 GeV) |
-—-- Bkg. only fit

10}

dN/dm. . (1/GeV)

300}

T

200

95% CL limit on 6(gg¢)B(d—171) (pb)

—— Observed

Expected

- 68% expected

[ ] 95% expected

138 fo! (13 TeV)

. : . . ggé—=21t
» Production via gluon fusion 100 ] 10
(9g¢) or in association with | caaae os o o2l
b quarks (bbg¢) g Tt 1+ ]
E 1 7y Ty | I =_+_‘ 1 : : 107 ¢
. . g 0.9} +7 - Low-mass High-mass
» Performed in 4 tz final 0 B0 100 150 200 250 300 100100 200 300 1000 2000
m.. (GeV) m, (GeV)
JHEP07 (2023) 073 ;

states : eu, et,, ut., and Tt
H h Feh hh “Low-mass” (60—

250 GeV): fitting on

» Event categorization : split _
m__ to extract signal

Into no b-tag (Ny;s=0) and
b-tag categories

v For no b-tag category split events
based on reconstructed p;™

Not seen in bb¢ prod

uction
26

3.10(2.70) local (global) @ 100 GeV
2.60(2.30) local (global) @ 95 GeV
2.80(2.20) local (global) @ 1.2 TeV


https://link.springer.com/article/10.1007/JHEP07(2023)073
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X > HH/YH —) bbyy topimatre

Cf ﬂ fmny'

> Search for a new boson X decays into two A 138 fb (13 TeV)

spin-0 bosons, with 2y and 2b quarks ;mx=30fJGeV - mx=350GeV my = 400 GeV
- Relatively large signal purity in Hoyy ¢ | e T ag—
« Large branching fraction of decaying into bb | 10" by iy g o220~
[m=d50GeV T [mi=506GeV " Jmy-580GeV ]
> Focus on X decays into an H(—yy) and a o — | — | —
new spin-0 boson Y(—bb) in this talk 0%yt i o oo 2o 2ot
fmy =600GeV 0GeV '~ Jm,=700GeV ]

» BDT (DNN) scores to separate signals and
non-resonant (resonant) backgrounds

3 I T T T T TN B P e T PO IRV NP (N NP | | | | L]
10 100 150 200 250 300 350 4V 100 150 200 250 300 350 400 100 200 300 400 500

[ my =750 GeV jEmy = 800 GeV _ff.rﬁxééﬁo'ee'v' 3

PR I RSN TR ISR RS B
100 200 300 400 500 600

» Six BDT training accounts for different signal
my-m, mass ranges
» 3 event classes based on BDT output

JEmy = 1000 GeV

6 (pp — X) B (X — HY — yybb) [fb]

> A ram trl flt |n th m m.. I n | 10 306" 500 300 400 500 600 700 100 200 300 400 500 600 700 100 200 300 200 500 600 700 B00
parametric fit e ( W,_”)paes mY[GeV]"
performed for signal extraction (Spin-0) X — HY > vybB

P Expected limit £1 6 Expected limit £2 ¢
380 IOCaI (280 QIObaI) fOr mX ----- Expected 95% upper limit Observed 95% upper limit

= 650 GeV and my = 90 GeV JHEPO5(2024)316 21



http://dx.doi.org/10.1007/JHEP05(2024)316

X — HHIYH — 11yy

Cﬁ /'4 fmny

» Diphoton pair offers a clean experimental .. CMS Preliminary 132 b~ (13 TeV)
signature to trigger on with a good mass =T Obseved WM 68%expected
resolution, whilst the additional tau leptons in the E —— Median expected 95% expected  Y— yy
event help further isolate signal from bkg 1 e

>_ e = 1000 =1

M =900 GeV (=107)

» Three search channels of X -YH — 11yy:
v X = Y(t7) H(yy)
v' Low-mass X — Y(yy) H(z7) (Y mass 70-125 GeV)
v" High-mass X — Y(yy) H(tt) (Y mass 125 -800
GeV)

my =800 GeV (=10F) —

My = 700 GeV (x10°)
My = 650 GeV (=104

my = 600 GeV (=107

» A Parametric Neural Network (pNN) trained to
identify sig from bkg and for event categorization

my =500 GeV (=109

M = 400 GeV (=107)

my =300 GeV (=107

95% CL limit on o(pp —» X — YH)B(

Y— yy: the largest local significance of 3.4c
| | | |

(0.1c global) @ my = 525 GeV, my = 115 GeV 707780 90700 10 120 180 140
my [GeV]

local 2.3c @ my = 650 GeV, CMS-PAS-HIG-22-012
=95 GeV is interesting 28



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

High mass X—yy

» X—>vyy: bump search in the diphoton mass spectrum (> 500 GeV)
» Two channels: EB+EB, EB+EE

?ﬂﬁ%%%¢%ﬂ%aﬂ
of High Ene. gy Pﬁyncs
Cli ,'4 ademy of Sc

2.60 (0.80) local (global) excess @ ~1.3 TeV for the broad resonance model

Pull

I 138 fb™ (13 TeV)
- CMS EBEB + Data 7
10% 552/ dof =77.1/111 =07 __papjogk) S
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10 . —fre' x -
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= !I I ]
1__ i I __
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- k=0.01, M=13TeV x02
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g k=0.01,M =22 TeV
= Wi=001.m,
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https://doi.org/10.1007/JHEP08%282024%29215
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YRAERLEpT A
H->aa=>yyyyresolved.. ..o
» Probes pseudoscalar masses (m,) in the CMS-PAS-HIG-21-003 i g o e
range 15-62 GeV JHEP 07 (2023) 148
Four well-isolated photons in the final state !
» Dedicated primary vertex (PV) BDT is trained ¢ a<
on simulated H=>aa->yyyy events, to select s g T
PV with highest BDT score y < T8 e
» To improve the sensitivity, a 4-photon event R P e
classifier is trained to separate sig events from | BoT vt
bkg events: a single category optimized _ Gws . 132M07(13TeV) P |1|3‘2fb;1|1l3‘T§e\|’)7
based on the BDT output, for each m, O e LSEw ] Fas 95% GL upper imits
5 .. m P I R
» Signal is extracted from m,,,, distribution in g CF =EL ] g% B 554 L speced
data (100-180 GeV) : | g5 E
2 _E 1 r _—
» No significant deviation : 95% CL upper , f } 1%
limit 6,,B(H — aa — yyyy): 0.26-0.80 (0.24-1.0) e =
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First CMS search in this channel e, gt
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== Observed

» Search range of m, € [0.1, 1.2] GeV
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» Two collimated y reconstructed as single I': 110 < mp<
140GeV

== Median expected

P 68% expected
95% expected

L CMS H — vy

» Deep-learning used to reconstruct my of collimated di-y
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» Signal templates built in mp; - mp, plane

vvvvvvvvv

&&&&&&&&&&&

» Backgrounds
v H2yy from MC
v Prompt-diphoton and QCD/y + j from data in mysideband
regions (100-110 GeV and 140-180 GeV)
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95% CL upper limit on B(H > AA — 4y)
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> No excess observed : upper limits on the branching o m, [GeV]
fraction B(H — AA — 4y) of (0.9-3.3) x 103 at 95% CL CMS upper limit of B(H=>vy)

o

» Upper limit on B interpreted for long-lived A at m, = 0.1 (0.4) GeV

v' 1.6 (0.9) times the prompt-decay UL for cz, = 1 mm
v" 30 (3) times the prompt-decay UL for cz, = 10 mm

Best constraints for this decay mode in the studied m, range 31
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Boosted multi-photon X—> 010 —>4y tagmststacs
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» Highly boosted ¢ resulting in merged % cMs  mioss
photon pairs : need new ML analysis 0 %/ = 0.98
techniques Analysis Regime: -' :2: e oo 0.1
o 300 GeV < My < 3000 GeV D e e 1
o 0005<a<0025 a=M,/M, " i3 e Ty !
o Barrel Only [ e Dae \\‘*++
. i Exponential background from data-x‘:fﬂx..qt_:
» Two convolutional neural networks CMS-EX0-22-022, e Gaumsn o e o s
° . . LT Gaussian fi fxmgu o, from simulation ]
CIaSS|_f|cat|on NN1: selects diphotons arXiv-2405.00834 ) St T
from single photons and hadrons . m, [G eV]
. . . 138 13 TeV
* Regression NN2: predicts the diphoton s 17 e T et 138 1" (13 Tev)
e cMS Supplementary > s~ CMS 10144 < 0" < 0 49% -
ma.SS (mr) s . % . ¢ Data X = 60 = (r7)(vy) 3
- Validations of CNN: n—yy L = & ] —opwoonn <D o oey
-r 5 8 £  =2GeV -
. . . . £ 1 G = Oneory A
» Final search is abump hunt in M _ T 3 o x:g%ogvél\?" :
(reconstructed X or four-photon mass) .. g T R
i 15 E a0 = i /g _g
3.57c (1.070) local (global) & 8 E
© 3
excess @ my =720 GeV, " ,‘ | [Pos 5 EE ]
— 504 Gev 0.005 . =l gg #2/NDF = 8.52/13 = 0.66 :
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