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Motivations

= Measuring g,y permit us to access g+ in a model-independent way through

2 9hizzX9Fxx * 9tizz
" UZHXB(H—)XX)OC I —)O'ZHXB(H—)ZZ)OCF_H

= Once known, g+ used as a standard candle to determines gyy in a model-independent way
= Recoil mass shape distribution analysis to extract the Higgs mass with great precision
= We can also acces the Higgs width Iy through

o(ete —zHH-2Z)"
o(ete~—ZH)
= Allow us to access Higgs self-coupling through NLO correction to ZH cross section
" XZnro = ZuZro(1 + Ky Cy)
= With C; dependent on+/s = can measure o,y at+/s = 240 GeV and /s = 365 GeV to access k;
= Complementary measurement to the one made at HL-LHC 025

" [y x

0.020"

0.015-
S
0.010

0.005-

0.000"

Vs[GeV]

26 November 2025



Recoil mass method

ete” collisions — initial state known — can use
the recoil mass method to measure g;y in a
model-independent way

FCC-ee Simulation (Delphes)
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e = Only presenting the leptonic channel (eTe” and u™u"™)
Z leptonic recoil [Ge
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Event Selection

= |Lepton momentump > 20 GeV
= At least one leptonisolated (I,,; < 0.25)
= At least two leptons with opposite charge

= |f more than 2 leptons, select the pair that minimizes:
= x2=0.6X(mp+p- —91.2GeV)? + 0.4 X (Myecoi — 125 GeV)?

= 86 GeV < my+p- <96 GeV
w20 GeV < pp+p- <70 GeV
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FCC-ee simuiation
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= Cutflow and selection efficiency shown for u*tu~
= Selection efficiency independent of Higgs decay



MVA Discriminant

26 November 2025

o 599"??‘ .‘Sin?u",':‘;lt‘ion‘ SN ‘Vf‘g‘ = ‘2‘4‘-(‘) IG‘G“\( ‘1‘0‘-‘8 \a|b\2 > gc\:\ \-?|e\ .‘S'n?u"le‘at‘ian TTT[TTTT ‘\f‘g‘ \= ‘\2|4|-9 (\aﬁ\\/ \1\0\ \8 |a|k\)751 Variable Description
g ] Ogi — Z(uH i 5 - —Hobs  —Hoe  —Hogg —Hoss
(L B ] ww’ 3 2 1c 4 .
108 . 7z . g C Howw o Hote HSZZ HoWw o Pleading Leading lepton momentum
= Bl 2 - iyl = N B ]
107§ I Rare = g 10 H-Z —Hoyy —H-lny J
106F = 2 ﬁ Oleading Leading lepton polar angle
10° % = /3
10°) . i ] ,
| ! 107} .. .m-"/ Dsubleading Subleading lepton momentum
107 e .
; Osubleading Subleading lepton polar angle
107 E - :
10—1HH‘\IH‘I\H‘HI\‘HH'\HI‘\H\‘IH\'HH‘\I\ Fooc oo b bococd o oo oo oo b Lo A m£+£_ Leptonpalrlnvarlantmass
0 01 02 03 04 05 06 07 08 09 0 01 02 03 04 05 06 07 08 0.9
BDT score BDT score )
Do+ o- Lepton pair momentum
0 p+ - Lepton pair polar angle
Train g BI?T tq fu r.ther discriminate S|gr?al from background A+ - Acolinearity
= BDT distribution independent of the Higgs decay
m — A¢,+p,~ Acoplanarity



Uncertainty Extraction
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= Separate events into:

= High score region: BDT score > 0.86(0.84) for uTu—(e*e™)

= Low score region: BDT score < 0.86(0.84) for u*u~(e*e™) Z(ete )H 0.81%

= Concatenate the histograms and fits on the resulting distribution to extract Lo .
the total oy Z(uTuH 0.68%

= Take into accountthe contributions from Z(qg)H and Z(vv)H in the fit Z(£T¢7)H 0.52%
= 1% normalization for all background processes (uncorrelated)
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Bias Test

We use a bias test to determine the degree of independence of the selection: Baseline
= \We modify the Br of each Higgs decays individually so that S;ZH = X% Channel [%]
ZH
= We construct pseudo-data from these modified Br’s H — bb -0.01
= Extractthe bias by fitting the pseudo-data
_ : - H — cC +0.00
= b =100 X (usir —1—X/100) with X in %
= Compare it with the measurement uncertainty H - gg -0.00
FCC-ee simuaton Vs =240 GeV, 10.8 ab™’ — O i -
ol € Simulation S 240 GeV, 10.5ab X = 5% prior taken for all the bias test H o s5 -0.01
H- 2y . = |fthe bias is within the quoted uncertainty, the test H-putu
Hes WW* . is successful
+ —
Ho 22* . = Shown here for u*u~, bias fore*e™ and combined H—1"t -0.00
Hot e I fit are in back-up slides H — 77"
Hopy- . Forthe Baseline
Ho <5 d = Slighty high biasfor H - u*u~ H-WW* -0.01
H-> gg | » High bias observedforH —» ZZ*and H — Zy H > Zy
Hos 5 L = Due to ambiguity in the selection at the y? step
Hos b5 ! = Butstill under ZH uncertainty — test successful H—-vyy -0.00
— -50 - 0 - 50 I
Bias (x 100) [%]
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Comparison with [LC

(+/-) indicates the beam polarization: (Pe™, Pe*) = (—80%, +30%)/(+80%, —30%)

" Selection | z(eeon | awwn | a@on

ILC (+/-) 4.0%/4.7% 3.2%/3.6% 2.5% /2.9%
FCC (Baseline) 0.81% 0.68% 0.52%
1SS EEEIERID [RAIC 0.61% /0.71% 0.48% / 0.54% 0.38% / 0.44%
luminosity (+/-)
FUIE {Ersliine) seelon o 0.63% / 0.75% 0.54% / 0.63% 0.41% / 0.48%

ILC cross section (+/-)

=  With the same cross sections and the same luminosity, ILC is better than FCC
» Particulary onthe Z(u*u~)H channel
= Dueto the different /s and the polarization of the beam that leads to better signal to background ratio
= Still better performance if taken into account
= Because of the separation of the events in two samples
*» Theuse of cosf,,;ss cutintheir selection
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Adding a cut on cosf@.,,;.

Events
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FCC-ee simuiation _ Vs =240 GeV, 10.8 ab”’ . FCC-ee simuiation _ Vs =240 GeV, 10.8 ab '
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" c0s60,,;s is agood variable toremove ZZ and Z /y background but break invariance
in selection efficiency
= Already usedin Higgs mass measurement
= Don’trequire model-independence
|

Tryto implement itin cross-section analysis
c0S0,;ss < 0.98



Comparing with Baseline Selection

Selection | Z(e"e)H | 2(u"uw)H | Z("0)H
Baseline 0.81% 0.68% 0.52%

Baseline +
c0S0,,;¢s CUL

0.67% 0.60% 0.45%

" c0s0,,¢ cut selection improves the precision on gy
= Butgives atoo highbiasforH - u*tu~

= Biastestis not successful
= Can’t use this cutto measure oy

The goalis to try toinclude cos@,,;ss cut to improve the
precision on gz while keeping the bias low
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Channel

H - bb

H - cc

H-gg
H — ss

H— pu u~

H-1ttt~
H-Z7"

H->WW*
H-Zy

H - yy

Baseline [%]

-0.01
+0.00
-0.00
-0.01
+0.10
-0.00
+0.37
-0.01
+0.38

-0.00

Baseline +
c0s0,,;s cut
[%]

-0.02
-0.09
-0.21

-0.17
-0.69
+0.21
+0.29
+0.03
+0.20

+0.03
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Separating Events

FCC-ee simuiation Vs = 240 GeV, 10.8 ab™ FCC-ee simuation Vs = 240 GeV, 10.8 ab™
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= Visible energy E,,;5 is a good variable to discriminate signal from background butis a very model-dependent variable
= Could useitonthe Higgs mass measurement
= Can’tuseitto select events but can use it to separate events
= Visible sample (E,;s > 100 GeV)
" |nvisible sample (E,;s < 100 GeV)
= |nspired from ILC selection, they also separate the analysis into visible and invisible sample

26 November 2025
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Adding the cos0,,;.. cutin the « Invisible » Sample
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= 7 /y events areintheinvisible sample
" Applying cosO,iss < 0.99 cut on the invisible sample
= No cut onthe visible sample to avoid bias

= No other cut applied

= QOther cuts were tested but do not affect the precision or increase the bias
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Comparing to other Selection

"Setoction | 2(e*e )i |20 u ) | 206 )H

Baseline 0.81% 0.68% 0.52%
ine +
EElnE 0.67% 0.60% 0.45%
c0S0,,;¢s CUL
ine +
Bl 0.67% 0.59% 0.45%

E,is splitting

= FE,;s sepand cosb,,;.s cut selections give same
precision on gzy

= FE,;s sep has better bias than cos8,,;ss cut selection
and reduce biason H — u*tu~ channel

= Slighty better biason H - ZZ" and H — Zy but still
a bit high

— Bias test successful for E,,;5 sep

26 November 2025

Channel

H - bb
H - cc
H-gg
H — ss
H— p*u~
H-zttt~
H-Z7"
H->WW*
H-Zy

H - yy

Baseline [%]

-0.01
+0.00
-0.00
-0.01
+0.10
-0.00
+0.37
-0.01
+0.38

-0.00

Baseline +
c0s0,,;.s cut
[%]

-0.02
-0.09
-0.21

-0.17
-0.69
+0.21
+0.29
+0.03
+0.20

+0.03

Baseline +
E ;s splitting
[%]

-0.01

+0.00
+0.01
-0.01

+0.01
-0.02
+0.33
-0.00
+0.30

-0.03
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Comparison with [LC
| selection | Z(eYeDH | Z@ww)H | ZWTOH

ILC (+/-) 4.0%/4.7% 3.2%/3.6% 2.5% /2.9%
FCC (Baseline) 0.81% 0.68% 0.52%
FCC
0 0, 0
(Baseline + E,;; splitting) Lz Lok Ui
Heseslee o R 0.61% /0.71% 0.48% / 0.54% 0.38% / 0.44%

luminosity (+/-)

FCC (Baseline + E
splitting) scaled to ILC cross 0.54% / 0.62% 0.48% / 0.54% 0.36% / 0.41%
section (+/-)

= Now assuming the same cross sections and luminosity
» Z(u*tu~)H has the same precision for FCC and ILC
= Z(ete™)H is now better for FCC than ILC
= Which gives a better global precision
= Dueto the successful addition of the cos8,,;; cut to the selection
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Conclusion and Outlook

= Succeded inimproving the precision on gz by adding a cut on cos8,,;ss in the sub-sample
= Z(eTe™)H:0.81% — 0.67%, 17% improvement
= Z(uTu")H:0.68% — 0.59%, 13% improvement
= Z(#*£7)H:0.52% — 0.45%, 16% improvement
= Kept model-independence while adding cos8,,;s cut
= Bias test successful for all channels
= Preliminary results
= Analysis still in progress to confirm the results
= Havetoinclude H — Inv to bias test to check the model-independence of the selection
= Couldn’tinclude it due to code problems

Outlook:
= Redo the analysis fory/s = 365 GeV

= Willimprove precision on k; measurement
= Work on the hadronic channel of o,y analysis

26 November 2025
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Thanks for listening
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Events Selection
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Cutflow for each Higgs decay

FCC-ee simulation

Vs = 240 GeV, 10.8 ab™
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Cutflow independent of the Higgs decay
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MVA Discriminant

.0 FCC-ee simulation (s = 240 GeV, 10.8 ab™’ FCC-ee Simulation Vs = 240 GeV, 10.8 ab™"
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Uncertainty Extraction
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Bias Test
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Biastestforete™

Channel

H - bb
H - cc
H-gg
H — s§
H - p*u~
H-zttt~
H->Z7Z7Z"
H->WW*
H—-Zy

H - yy

Baseline [%]

+0.00
-0.03
-0.03
-0.03
-0.02
-0.02
+0.38
-0.04
+0.36

-0.02

Baseline +
c0s0,,;s cut
[%]

+0.00
-0.11

-0.23
-0.19
-0.70
+0.20
+0.31
-0.00
+0.18

+0.01

Baseline +
E,is splitting
[%]

+0.00
-0.03
-0.02
-0.03
-0.09
-0.03
+0.35
-0.04
+0.28

-0.04
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Bias Test
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Bias test for £T ¢~

Channel

H - bb
H - cc
H-gg
H — s§
H— p u~
H-zttt~
H-> 77"
H->WW*
H-Zy

H - yy

Baseline [%]

+0.00
-0.03
-0.03
-0.03
-0.02
-0.02
+0.38
-0.04
+0.36

-0.02

Baseline +
c0s0,,;.s cut
[%]

+0.00
-0.11

-0.23
-0.19
-0.70
+0.20
+0.31
-0.00
+0.18

+0.01

Baseline +
E,is splitting
[%]

+0.00
-0.03
-0.02
-0.03
-0.09
-0.03
+0.35
-0.04
+0.28

-0.04
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Events Selection
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Cutflow and events selection for u™u~ (Baseline + cos6,,,;.s cut)
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Events Selection

1

Events
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Events Selection

Vs = 240 GeV, 10.8 ab ™’

fCC-ee Simulation
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Cutflow and events selection for u™u~ (Baseline + E,;, splitting)
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Events Selection

Vs = 240 GeV, 10.8 ab™

fCC-ee Simuilation
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