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H — yyp, where the massless dark photon is invisible

* Experimental signature: one 1solated photon recoiling against MET
» Exotic Higgs decays provide sensitivity to weakly coupled dark sectors

» Targeting the dominant ggF production provides access to a phase space
complementary to previous CMS ZH and VBF searches

* Latest ATLAS results show improvement from ggF
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+ Previous talk at the CMS NPS Workshop 2026 H V7 S
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» A first draft of the analysis note (AN-26-115) 1s now 1n place. A
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12ne A New ggF Opportunity in Run 3

ecreasing threshold triggers deployed with

CMS Preliminary 13.6 TeV CMS Prellmmary | 13,6 TeV, gy Ho> py h]-gh efﬁClency
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Dataset * Trigger performance
2024 EGamma0/EGammal « Z—ee tag-and-probe

* Eras E-1 * Endcap electron tag
« 93.6fb71 * pt = 32GeV, 1.566< |nl<2.5

HLT_Photon45EB_TightID_Ti Barrel photon probe
ghtlso  pt = 20GeV, [n|<1.4442
Barrel photon: [nY|<1.4442 50 <my(e, v) <130 GeV

94 1b7' (13.6 TeV) 94 1b7' (13.6 TeV) 94 17" (13.6 TeV)
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& , 94 fb' (13.6 TeV)
£10° g S A -IQCD T - L
0410]1 ECM Y +jet . . .
101
w100 [ Workinprogress EEIW(v) +jet  [vy Process N(0 jet)/N(inclusive)
-~ Inclisive ;
C 440 i 7 + jet —H— vy y* (9gF) :
1 0
|.T>.J| 138 . —H >y y* (VBF) ggF signal 65.0%
1¢7 QCD multijets 35.8%
1¢° )
135 ytjets 34.1%
1¢*
1¢°
107 Selection Signal region Low-A¢ validation region
1p Trigger HLT Photon45EB_Tight ID_TightIso
1 Photon multiplicity Exactly one tight photon in the ECAL barrel
.12 ! Photon kinematics and ID pi > 45GeV, |n7| < 1.4442, tight photon ID
81 . MET Type-1 corrected PUPPI 40 < piss < 100 GeV
% P Lepton veto No loose electron, muon, or hadronically decaying tau candidate
= 0_:9 | b-jet veto No b-tagged central AK4 jet with p; > 15GeV, || < 2.5
(@] 018 : Fake-jet veto No AK4 jet with pr > 50GeV and || < 4.7 failing the “Tight” jet ID
012 4 b f6 ’[ |8 30 _1(t) Nje selection No inclusive AK4 jet with pp > 30 GeV passing the jet selection
N/ - N
numoper or central p jets Ad(7, P?‘ss) ~29 2.0 < Ap(7, pglss) <25
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010 g

c .0 FCMS [ acb -Y +Jet .

L%; 108 Workin progress [EIW(w) +jot Wy Region N(region) / N(full selected)
107 Ojet [FlQcD_zZiet { Tz |r ] ggF signal y+jets & QCD
10

[]QcD_znuriu [t !
10° e
10°

VR 2.0 < Ag < 2.5 8.7% 15.0%

SR A > 2.9 51.2% 42.2%

Ap(y,MET) 1s used to define the analysis regions

Low A¢ region: background model validation region (VR)

High A¢ region: signal region

Data/Pred.

0 05 1 15 a2 2 3'I
dphi_met "ugﬁtPhoton
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Signal Extraction and Statistical Model ~ ULBXEAY [0 0

94 fb (13.6 TeV)

10 @ e e
%11009§c|v|s I-QC|D | -v + jet = ¢ Observable
Q™% Eworkinprogress [EW(h) +jet  [IWy E » Binned fit to the p%. spectrum
[ 10° E?OJet [ 1zy []QCD_Zjet = . yT
© 10" F ] Qcb_znunu [ i » Fit range: 49 < p; < 100 GeV
> = —— — — b
W 108 |- " v lagh-H=y v S;F’ » Signal feature near py = my/2

F -

O E 2« Model

« goF': double-Gaussian function
* VBF: fourth-order Bernstein polynomial
* Background: three-order exponential

e,
é * Inference
g5 ] * Binned profile likelihood with Combine
%0 20 50 60 70 80 ;?rﬁ)ltl 100 110 * Common branching fraction for ggF and VBF
" [GeV]
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V71477 Background Estimation ULB {CO)
Process SRyield SR fraction
QCD multijet 8,019,464 51.1% Background
v +jets 7,256,605 46.3% estimation
W(lv) +jets 364,789 2.3%
Wy 14,285 0.1% 7/ \
Zy 13,200 0.1% ’” .
Z(£0) + jets 7,664 <01% | e oh .
Z(vv) +jets 2,813 <01% | 7 .T;ts shape |1 Full data-driven
Top quark 66 <01% | Wit data rate -
Total simulated background 15,678,886 100% 1 1 :
ggF H — 71p 192,019 T |
VBF H — y7p 2,018 - '| Analyticfitto | Analytic fit to
QCD multijet | Pseudo-data : observed data
| :

jet — photon misidentification and instrumental MET

ytjets
prompt photon with instrumental MET

Minor backgrounds
W/ Z+jets, Vy, and top-quark processes

¥ Model validation

/

Constraint of
BR(H— yyp)

2233 H->Photon*MET B 2
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94 fb™"(13.6 TeV)

%J 10° . CMS i Observed low-A¢ data | Photon scale vs pT, Run E (381446), seedGain=12
O t Work in progress — exp3 fit E m " 2 ~ iy —— eta=1.245 R9=0.94 o= eta=0.5, RI=0.94
=~ L 3: x2/ndf = 662.60/48 68% fit unc. 3 1.0025 b ¥ E: k iha —— eta=1.245,R9=0.985 &= eta=0.5, R9=0.985
4‘2 B -V =5.03e-107% 7 —— ata=-0.5, R9=0.94 e eta=1.245, R9=0.94
[ L P o s o — - gta=-0.5, R9=0.985 - eta=1.245, R9=0.985
o
S5 [ —
10 E E 10000 EEEEg == === 2= == e e
i i 5 0.9975 -
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- ] @
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§ 1.05 M r T LN B §
© a
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0-95 [T 1 [ I I PRI BT A/%!
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o
0 b=
_10 T oo coooc by by by |_ 0.98504-0 : 5'0 6‘0 7'0 8‘0 9'0 1(')0 1i0 120
50 60 70 80 90 100 hoton pr [GeV]
p! [GeV] photon pr

* The nominal exp3 model describe the current low-A¢ data well except several points
* Localized residuals are aligned with discontinuities in the piecewise photon energy-scale correction

* A smooth EGM correction parameterization is being implemented before repeating the final background-model validation
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ggF signal — double Gaussian VBF signal — Bernstein polynomial Background — exp3
94 fb™' (13.6 TeV 94 b7 (13.6 TeV 94fb'(136T

U)1065|'"'l""l""l""(l'"e'g m1045|""|""|""|""(|"'e'; a)1085|""|""|""|""(|"'e'vg
I= - CMS % Fitinput E [= - CMS % Fitinput c F CMS 3 Fitinput 5
g - Work in progress — Fit - g C Work in progress — Fit ] q>'> " Work in progress — Fit
L 10 Ex¥ndf = 63.08/47 68% fit unc. = L x2/ndf = 58.66/47 68% fit unc. LW, 7 | x2/ndf = 62.87/48 68% fit unc. _

= | 3 = - 10 = 3

= p-value = 5.85% E 10” Ep-value = 11.8% E = p-value = 7.34%
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Pull
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Pull
Pull

90 100
p! [GeV]

90 100
P! [GeV]
Fits to the signal templates and the background validate the chosen parameterizations
and provide initial values for the likelithood fit.
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Yy + jets MC

Fit smooth RooGenericPdf

Generate Poisson pseudo-data

y

Refit the pseudo-data

4 [
< >

Normal card ShapeBin card

A

Direct RooGenericPdf

Wrap same pdf function with
RooParametricShapeBinPdf

A

: . Bin-integrated implement
Bin-central approximation

f(x;)Ax; f f(x) dx
2233 H->Photon*MET B
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RooGenericPdf

/ RooParametncShapeBdef \

94 fo~' (13.6 TeV)

’ O 1.01 _I T | T T T T T T | T T T T | T T T T | |
@ 10° 94fb (136Te\2 a1 94fb (136Tevz) |"¢E - CMS exp3 background, b-only postfit _
t  Fcms % Dat =1 £ foms % Dan ; oc 1.008 [— Work in progress [ ] Normal PDF unc. ]

" Work in progress — Prefit bkg ] [ Work in progress — Pre-fitbkg ] .
= prog . S prog. . I N . . ]
W, .| ojet —— Postitb-only bkg | I T —— Postfitb-only bkg | ~ Ojet ["] RooParametricShapeBinPdf unc. -]
10" E40 <MET <100 GeV  —— Postit s+b bkg E 10" E40 <MET <100 GeV  —— Postits+b bkg E 1.006 —29<Ad¢<m ShapeBin / normal central —
F29<Ap<m Pre-fit signal ] I E 29<Ap<m Pre-fit signal ] I ' C 40 < MET <100 GeV -
10° R 10° ¢ 1 1| 100aF —
10° = I 10° £ E I 1.002 — =
10°F | . E 100 | | —g I 1 N et D ]
] .|...|...."i'-,... ooy 3 I ] :.I | ........ = I B ]
E 1.01— }'I Pre-fit § Postfitb-onlybkg % it Ib I E 1.01— } Pre-fit § Posﬂltb-onlybkg }Fob 0-998 __ __

bl d
PR e R T e My} # I - .
3;0'99_....|.........|§...£.._ | 3;0-99_.| I 0.996 — —
E b b I g o —-lPre-fit 11 Post-fit b-only bkg LI Post-fit s+b bkg - - I | | | | 3
1 1 1 1 1 1 1 1 1 1 1 1 L 1 1 1 1 1 1 L
, I 0994 =0, 60 70 80 90 10C
ok LI ' [GeV
50 60 70 80 100 p [ e ]
Gev] M T
p -

* Both models use the same exp3 function and the same dataset; only the bin prediction differs.

« This changes the profiled background parameters and the propagated bin uncertainty. The central predictions differ by
at most +£0.4%.

2233 H->Photon*MET
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T T I
2, cms | @aco [y +iet
9 Work in J‘ogress CIW(v) +jet [ Jwy

o 10° & Ojet I

@ 10 I —H -y y* (VBF)

Data/Pred.

0100 T T B0 200" 50
mISS [GeV]

« MET>40

[C1Z +jet —H -y y* (d&F)

MET Tails in current O-jet ca'regor'y

% AR
SN
ULB §

T

ress [_]W(lv) + jet
[JZ +jet —H =y (

- aco

—H—y y* (VBF)

-Y +Jet
CIwy

. Stat. unc. .Stat @ Syst. unc.
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* The current 0-jet MC prediction shows harder high-MET and high-mr tails than

the ATLAS, driven mainly by y+jets.
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|dz| > 0.5 (PV mismatched)

94 fb™' (13.6 TeV)

@ 10° ,
S 10° CMS [acp Wy +jet
S Work in progress []W(v) +jet  []Vy
W qq7 - Olet [z +jet

10° 3

10°

10*
10° &
102
10

18

Rel. unc.
ba [ I VNN

1
1
0.
0

—20 —15I —10—5 10 15 20
Gethx PV z [cm]

|dz| <= 0.5 (PV matched)

, 94 1b™' (13.6 TeV)
®0l10° E T T T T T R

c sFCMS Eacp Wy +jet

o 10 £ Work in progress  [W(k) +jet  []Vy

W 47 k- Ojet [z +jet —H-—yy"(g5F)
—H& vy v* (VBF)

10°
10° k-
10° I
10°
10°
10F

20 -15 .10 -5 0 5 10 15 20
GenVix - PV z [cm]

|dz| > 0.5 (PV mismatched)

o4 fb (13.6TeV)

>1010 LA LA LA T
8 10° CMS @acop -y +jet

g Work in progress  [E]W(v) +jet  []Vy

@ 10° - Olet [z +jet —H-yy*(d
S 107 —H -y y* (VBF)

i@ 10°
10°
10
10°
102
10

—

N

Data/Pred.

o Y
g a O
TTTT T 7T

0 100 200 300 400
mlss [GeV]

* Split MC by |Zgen- Zpy | <=0.5cmand > 0.5 cm.
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|dz| <= 0.5 (PV matched)

94 fb (136 TeV)

10" A S B BT
8 10° CMS [aco -Y + et

g Work in progress  []W(i) +jet  [T]Vy

@ 10° & Olet [z +jet —H-yy* (g
g 10’ —H =y y* (VBF)

W 408
10°
10*
10°
102
10

-

Data/Pred.
PO T N

o
o

0 100 200 300

400 500
p?'ss [GeV]

* The selected MC sample shows a large contribution from events with |Zgen- Zpy | > 0.5.

* PV matching improves the high-tail to some extent, but does not remove it.
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* Run 3 low-threshold single photon triggers enable a new CMS search for H — yyp targeting the ggF
topology.

« The current baseline uses 93.6 fb~of 2024 data and focuses on the O-jet category with 40 < p™ISS <
100GeV.

* The current blinded implementation uses pseudo-data for model development; the final total background
will be determined directly from data.

* Next steps
* Background-model bias tests;
« 1nstrumental MET tail studies;
* Enable smooth EGM correction;
« 1integration of the 2025 dataset.

« With the analysis note ready, we kindly request the opening of a CADI line to start the review after the
summer.

2233 H->Photon*MET B
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94 fb~1 (13.6 TeV)

CMS

Preliminary

. T T T T T T T
¢ QCD multijet 7
— y+jets

e

1072 |
: | ?

%3_& [GeV™!]

1073 |

QCD/(y + jets)
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T : LI LA |
1
1
i
1
|
ILQ—
i
1
1
1
1
1
i
——
|
1
1
—_—
|

o
(@)
o
~
o
[e0)
o
O
o

pY¥ [GeV]



—170he Background model families ULB

— |BRUXELLES BRUSSEL

BOSTON
N UNIVERSITY

1. Exponential polynomials of orders n = 2,3,4, and 5:

n
fexp,n (x) = exp (Z akfk) . 3)
k=1
2. Bernstein polynomials of orders n = 5,6, and 7:
. ny\ k n—k
fBem,n(x) = ch k t (1 A t) ’ (4)
k=0

where ¢ is fixed to unity and the remaining coefficients are constrained to be positive.

3. Power-law functions multiplied by exponential polynomials, with n = 2,3,4,5, and 6
free shape parameters:

fpowexp,n (x) ~ ( > )q exp (nil akfk) . ®)
100 GeV =1

4. A sum of two exponential functions:

faexp(%) = fexp (aX) + (1 - f) exp (bX), 6)

where0 < f <1.

Alternative background models



https://lotan.web.cern.ch/pyRATOUTPUT/Limits_report_7_31_27/combine_report.pdf
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* Nominal analytic (RooGenericPdf):
data_obs
Yy + jets — fitted analytic PDF — Poisson pseudo-data
background
direct RooGenericPdf
— bin-central approximation in the binned Combine model

* Shapebin analytic (RooParametricShapeBinPdf):
data_obs
exactly the same pseudo-data as the corresponding normal card
background
same analytic function and the same fitted parameters
— wrapped by RooParametricShapeBinPdf after the pseudo-data fit
— exact bin-integrated prediction in the binned Combine model

2233 H->Photon*MET B ¢




e MET Tails in current O-jet category

|dz| > 0.5 (PV mismatched) |dz| <= 0.5 (PV matched)

o4 fb (136 TeV)

8 o 941! (13.6 TeV)
w 10 w 10 T T T T I T T T T I T T T T | T
c —-QCD- — .Y + jet c _FCMS [ acop -y +jet
g’ 10 fork i gress W) +jet [vy °>’ 10 Work in progress  [T]W(iv) +jet  []Vy
W e Wz+iet  —H-yy W e [ Okt [z+jet  —H-yy(

—H-yy* (VBF) | —H =y y* (VBF)

10° 10°
10* : 10*
10° 10°
10 107
10 10
1 1
_c 2_| T T |I| LA I R B LI B | |I L ] _c 2_ T r 1 17 T
[} C [ stat. un1 [ stat. ® Syst. unc. ] [} C [ stat. unc. [ ] stat. @ Syst. unc.
& 15F | o o 15F
8 b E 8 4
< : © C
D0.5_|||||\ Ly D0-5:|||||||||||||||||||
0 100\ 20 ) -600— —40( 0 0 100 200 300 400 500

m, [GeV] m, [GeV]

PV matching improves the high-tail to some extent, but does not remove it.
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94fb (136 Tev) .
L L B LR SR B B ™ »n10" g
CMS Baco .y+jet

94 fb" (13 6 TeV)

-v +Jet

CMS B aco

c
L%JI 107 Ework in progress [[JW(v) +jet [ Wy :>j 107 Ework in progress [ |W(iv) +jet [0 Wy
10° B [Czy [ QCD_zjet 10° [zy [ QCD_zZjet
. []QcD_znunu [l it . QCD_zZnunu [l it
10 —H =y y* (gF-H — v y* (VBF) 10

10* 10*
10° 10°
10? 10°

o5 2F 5 2
Q. F o
3 o 3
© ©
D 0 5 - 1 D 0 5 11 1 1 !
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
PFMET significance PuppiMET significance

PF and PUPPI MET significance exhibit substantially different numerical ranges and shapes.



