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H - ZZ" — 4l: Description

A =

» Large S/vS + B (golden channel)
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H - ZZ" — 4l: Description

A =

» Large S/vS + B (golden channel)

« Same strategy as in Run 2 (CMS PAS HIG-19-001) CMS Preliminary
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http://cms.cern.ch/iCMS/analysisadmin/get?analysis=HIG-19-001-pas-v9.pdf

H — ZZ* — 4l: Description CMS

» Large S/vS + B (golden channel)
« Same strategy as in Run 2 (CMS PAS HIG-19-001)
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H - ZZ" — 4l: Description
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» Large S/vS + B (golden channel)

« Same strategy as in Run 2 (CMS PAS HIG-19-001)

— Z candidates: OS SF lepton pairs,
12 < my < 120 GeV

— ZZ candidates: m;; closest to m, (Z,),
additional requirements on the four leptons
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H = ZZ* — 4l: Inclusive fiducial cross section CMS,

» Large S/vS + B (golden channel)

« Same strategy as in Run 2 (CMS PAS HIG-19-001)

— Z candidates: OS SF lepton pairs,
12 < my < 120 GeV

— ZZ candidates: m;; closest to m, (Z,),
additional requirements on the four leptons

 Inclusive fiducial cross section
— All decay modes combined

Ofid
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H - ZZ* — 4l: Inclusive fiducial cross section CMS,

» Large S/vS + B (golden channel)
_ CMS Preliminary 34.7 tb~' (13.6 TeV)
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H - ZZ* = 4l: Inclusive fiducial cross section CMS

» Large S/vS + B (golden channel)
_ CMS Preliminary 34.7 tb~' (13.6 TeV)
 Same strategy as in Run 2 (CMS PAS HIG-19-001) =°F T
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H — ZZ* - 41: Inclusive fiducial cross section

@ CMS.
7 s \‘ \\
L

» Large S/vS + B (golden channel)

« Same strategy as in Run 2 (CMS PAS HIG-19-001)

— Z candidates: OS SF lepton pairs,
12 < my < 120 GeV

— ZZ candidates: m;; closest to m, (Z,),
additional requirements on the four leptons

 Inclusive fiducial cross section
— All decay modes combined
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H - ZZ* = 4l: Inclusive fiducial cross section CMS

» Large S/vS + B (golden channel)
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H — ZZ* — 41: Differential fiducial cross section
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H — yy: Description

@ =

« Large background, small S/+/S + B

S/(S+B) Weighted Events / GeV

15:CMS Preliminary 34.7 " (13.6 TeV)
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H - yy: Description CMs

« Large background, small S/+/S + B

15:CMS Preliminary 34.7 " (13.6 TeV)

« Novelties compared to Run 2 (CMS PAPER HIG-17-025) g EHo oy, m =12538GeV  micaegores ]
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H - yy: Description CMs

« Large background, small S/+/S + B

15:CMS Preliminary 34.7 " (13.6 TeV)
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H - yy: Description CMs

« Large background, small S/+/S + B

15:CMS Preliminary 34.7 " (13.6 TeV)
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H — yy: Normalizing Flows =%

* A Non-negligible differences between Data and Simulation — large systematic uncertainty
— Solution: Bring data and simulation closer together, but how?

ETHzirich Higgs Hunting 24 — Nico Harringer 19.09.2024 18



H — yy: Normalizing Flows

— Solution: Bring data and simulation closer together, but how?

« [ Novelty in this analysis cycle: Normalizing Flows
— Trained using Z — ee probes
— Correct shower shape and isolation variables, as well as energy resolution

Forward (generation) direction
fi(zo) = fi(zk1)

Ly —e—— ] — =3 Ep | — Ep — .= By =X

2o ~ po(2o) Zk—1 ~ Di—1(2Zk-1) zk ~ Pk (Zk)
Backward [normalizing) direction

* A Non-negligible differences between Data and Simulation — large systematic uncertainty

E'HZUI“ICh Higgs Hunting 24 — Nico Harringer

19.09.2024

19


https://arxiv.org/abs/2403.18582

H — yy: Normalizing Flows

A =

« [ Novelty in this analysis cycle: Normalizing Flows

— Trained using Z — ee probes

— One flow (paper)

Simulation
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* A Non-negligible differences between Data and Simulation — large systematic uncertainty
— Solution: Bring data and simulation closer together, but how?

— Correct shower shape and isolation variables, as well as energy resolution
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https://indico.cern.ch/event/1392791/timetable/?view=standard#sc-11-2-advanced-data-mc-corre
https://www.arxiv.org/abs/2403.18582

H — yy: Normalizing Flows =%

LT

« Drastically improved agreement after correction
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H - yy: Fiducial phase space and jet definition CMS

» Use relative isolation

AR<O0.3
-5

PT.,i
youu

R

Fiducial phase space
T X py < 10 GeV

Py Pr /My > 1/3
Py /My > 1/4
In72| ¢ (1.4442,1.566)
In712] < 2.5

New geometric cut [1], improves
perturbative convergence in
fiducial region

E'HZUI”ICh Higgs Hunting 24 — Nico Harringer
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https://arxiv.org/pdf/2106.08329

H — yy: Fiducial phase space and jet definition CMS

» Use relative isolation
Fiducial phase space

. AR<0.3 PT,i
=2, pT ' T X py < 10 GeV

V1,72
« Jet definition @ particle level: WpT Py /My > 1/3
pr [ Mey > 1/4
In72| ¢ (1.4442,1.566)

— Anti-k clustering of stable particles

— Distance parameter: AR < 0.4 2| < 2.5
— Jets removed if overlap with e (u) within AR < 0.4
—pr > 15 (10) GeV, |n| < 2.5 (2.4), < 0.2 New geometric cut [1], improves

perturbative convergence in
fiducial region
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H — yy: Fiducial phase space and jet definition CMS

» Use relative isolation
Fiducial phase space

. AR<0.3 PT,i
=2, pT ' T X py < 10 GeV

V1,72
« Jet definition @ particle level: ,ngT Py /My > 1/3
pr /Ay > 1/4

—A.ntl-kT clustering of stable particles 2| ¢ (1.4442,1.566)
— Distance parameter: AR < 0.4 2| < 2.5
— Jets removed if overlap with e (u) within AR < 0.4
—pr > 15 (10) GeV, |n| < 2.5 (2.4), < 0.2 New geometric cut [1], improves

perturbative convergence in

Matches jet definition @ RECO level fiducial region
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H — yy: Inclusive fiducial cross section

LT

* Inclusive result
— 0fig = 78 £ 11(stat.) Te(syst.) fb=78%13 b
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H — yy: Inclusive fiducial cross section CMS,

LT

* Inclusive result
— 0fig = 78 £ 11(stat.) Te(syst.) fb=78%13 b

CMS Preliminary 34.7 o' (13.6 TeV)
1 225 T
£ i / / —— Observed - Stat. only
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H — yy: Inclusive fiducial cross section

Cms
J \'1\\ \l

* Inclusive result
— 0fig = 78 £ 11(stat.) Te(syst.) fb=78%13 b
— Systematic uncertainties

— Dominated by
energy scale and resolution

CMS Preliminary 34.7 o' (13.6 TeV)

K 7 . R I L B

¥ 7 -— Observed - Stat. only

- — Observed .
— MG5_aMC®@NLO, NNLOPS

1.50} In agreement
Systematic uncertainty Magnitude : with SM
Photon energy scale and resolution group ~ +5.8%/ —4.9% 1251 prediction
Category migration from energy resolution +43.5%/ — 3.9% 1,00}
Integrated luminosity +1.4% :
Photon preselection efficiency +1.4% o791
Energy scale non-linearity +0.8%/ — 1.6% 0.50]
Photon identification efficiency +1.0% :
Pileup reweighting +0.8% 0291
0.004
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H — yy: Inclusive fiducial cross section

Cms
J \'1\\ \l

* Inclusive result
— 0fig = 78 £ 11(stat.) Te(syst.) fb=78%13 b
— Systematic uncertainties

— Dominated by
energy scale and resolution

CMS Preliminary 34.7 o' (13.6 TeV)
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¥ 7 -— Observed - Stat. only

- — Observed .
— MG5_aMC®@NLO, NNLOPS

1.50} In agreement
Systematic uncertainty Magnitude : with SM
F’hoton energy scale and resolution group  +5.8%/ —4.9% 1251 prediction
Category migration from energy resolution +43.5%/ — 3.9% 1,00}
Integrated luminosity +1.4% :
Photon preselection efficiency +1.4% o791
Energy scale non-linearity +0.8%/ — 1.6% 0.50]
Photon identification efficiency +1.0% :
Pileup reweighting +0.8% 0291
0.004
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H — yy: Differential fiducial cross section
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Conclusion
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Summary y

%

* Presented the first Higgs results using CMS data collected during the ongoing Run 3

e H—- 77" - 4l:
— Inclusive & differential cross sections
— [ In agreement with prediction
* H - yy:
— Normalizing Flow
— One flow to correct all ingredients for BDT and mass resolution
— New geometric cut: Improves perturbative convergence in fiducial region
— Inclusive & differential cross sections
— [ In agreement with prediction

ETHzirich Higgs Hunting 24 — Nico Harringer 19.09.2024
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H - ZZ* - 4l. Backup
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Exeint selettion

Z Candidates: OS SF lepton pairs, with 12<m, <120 GeV

ZZ Candidates: pairs of non-overlapping Z cand, Z, is the candidate with mass closest to m, nominal

e m, >40GeV
e pT,>20GeV,pT,>10GeV 21
e AR >0.02 between each of the 4 |leptons
e m, >4 GeV for OS pairs
e reject 4e and 4u candidates where the alternative pairing satisfies
Im__ - m,[ <|m,, - m,|AND m,, <12 GeV \/
e m,>70GeV
If more than 1 ZZ Candidate passes the selection, the one with the / \

highest Z, pT is retained

Signal region: 105 <m, < 160 GeV Zz

A.Cappati
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Fiaucial Phase Space

Defined at GEN-level to match the experimental selection at reco-level
— ensure model independence of the results and ease the reinterpretability

Requirements for the H — 4¢ fiducial phase space
Lepton kinematics and isolation
leading lepton py pr > 20 GeV
next-to-leading lepton py pr > 10 GeV
additional electrons (muons) py pr > 7(5) GeV
pseudorapidity of electrons (muons) In| < 2.5(2.4)
U pr sum of all stable particles within AR < 0.3 from lepton| less than 0.35 - py
/ Event topology
existence of at least two SFOS lepton pairs, where leptons satisfy criteria above
' : inv. mass of the Z, candidate 40GeV < m(Z,)< 120GeV
_Gen-level Isolation inv. mass of the Z, candidate 12GeV < m(Z,)< 120GeV
included to reduce distance between selected four leptons AR(£;¢;) > 0.02 forany i # j
mOde! erendence inv. mass of any opposite sign lepton pair m({707) > 4GeV
on efficiency inv. mass of the selected four leptons 105GeV < my; < 160 GeV
the selected four leptons must originate from the H — 4/ decay
| PAPER |
A.Cappati
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H - ZZ* - 4l. High mass spectrum CMS

3 CMS Preliminary 138 fo"' (13 TeV)
:—I 1 I I I I I I I I I 1 | —:
% 10 - ===:gg X(200) =—=VBF X(200) 3
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H - ZZ* - 4l: Run 2 Strategy

* Trigger efficiencies:
— Derived using TnP with applied Scale Factors

 Electrons
—pT>7GeV, |n|<2.5, SIP<4, d_xy<0.5cm, d_z<1cm
—ID and Isolation: HZZ MVA, training with 2018 data

* Muons
— pT>5GeV, |n|<2.4, SIP<4, d_xy<0.5cm, d_z<1cm

» Statistical Normalization

_.'nak} f,i —
Nfid(m'“) + Nnonfid(m-ll )

f,i » e
. - Nnonres ' Pnonres ( My ) - 2

f,i L i
g Nxmnres("14!')

f,i
+ N

f f,i f,j -
€l',j : (1 + fnonﬁd) *Ogd L- Pres“”ﬂ )

f,i

blig i Pbkg ( My )

(my)
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H — yy: Backup
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From MiniAOD to NanocAOD: the vertex

The mass resolution in H — yy is driven by:
ophot.o.n er?ergy resoolutlon —> EC/.A\L; m. = \/2E1E2(1 — COS (Z)
eprecision in measuring the opening angle between the two vy

photons —> vertex choice.

H — yy vertex previously assigned by means of a BDT and all MiniAOD variables, which are computed
wrt the Oth vertex (max Zp%), were recomputed wrt to the chosen diphoton vertex

X Hgg vertex cannot be used with central NanoAOD

Run2 workflow

Alessandro Tarabini
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H — yy: Normalizing Flows =%

oo

Z kK —_— — Zx =X
Zy ~ Pﬂ(zﬂ} Zp_y ~ Pk—l(zk—l] Zy ~ PK(ZK)

Backward (normalizing) direction

ETH:urich Higgs Hunting 24 — Nico Harringer 19.09.2024
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. ‘Tn,vn,:

® MWidth
® The objective is to perform single-object (photon) corrections ® Pwiarn
. Uil]ip
e 5,
® This can be achieved by choosing a high-purity region and adjusting your simulated ol

distribution to match the data distributions e ecal PFClusterIso

o trkSumPtHollowConeDRO03
o trkSumPtSolidConeDR04
e pfChargedlso

o pfChargedIsoWorstVitx

o ¢sEffSigmaRR

® Using the tag and probe framework to obtain an unbiased sample of probe electrons e esEnergyOverRawE

e Jical PFClusterIso

e 0r/E

e We study electrons from Z — ee which are reconstructed as photons (only Ecal, no tracking
information)

® Sample has a negligible background contribution

e Perform the correction of the inputs to the mvalD (Run 3 EGM photon ID )

e But, condition these corrections on the kinematics (py, 1, @, p)

® A reweighting is performed on those variables

e With this we can apply the correction to H — yy for example

Slide by C. Daumann
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How can flows be used to perform morphing?

The key is the monotonically increasing property of f
This means that quantiles are conserved after f(y)
We train a single normalizing flow on both MC and data

Events are conditioned on an IsData boolean, which allows the flow
to learn both distributions

The methods is documented in our paper (2403.18582)

E'HZUI‘ICh Higgs Hunting 24 — Nico Harringer

Simulation Base Distribution

(2403.18582)

Simulation Data
Base Distribution

(2403.18582)

Slide by C. Daumann 19.09.2024
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H — yy: Backup

@ CMS.
7 s \‘ \\
L

genBin

> ul S0, my) f(0,my) + NUO) £5"(0. myy) + BO) f(0)
J

. cat kinBins
sar.o.mp =11 ] Poislnobs
b

C

Contribution from events outside of the fiducial phase space
Same implementation as events originating from inside the fiducial phase space

Fraction of out-of-fiducial events

Best resolution Medium resolution| Worst resolution
ggH 0.06% 0.19% 1.62%
VBF 0.17% 0.50% 1.97%
VH 0.31% 0.57% 2.16%
ttH 0.57% 0.83% 2.30%

|

e
X Hpk(gk 10

k=1

E'HZUI“ICh Higgs Hunting 24 — Nico Harringer
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H — yy: Backup

@ CMS,

e

« CMS ECAL Energy resolution

8 TeV

CMS

Simulation

Module boundaries

Barrel/Endcap transition

—4— R, >0.94
—7— Ry < 0.94

ETHzirich

Higgs Hunting 24 — Nico Harringer

19.09.2024
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H - yy: Backup CMs

« Consider photons in acceptance (pr > 25 GeV)
* Apply BDT cut to reduce background.
- Keep p!’-leading diphoton system satisfying p/* > 35 GeV

. . Hollow cone PF photon
Category il = sieie track isolation isolation
hBi'g:‘F’:é >0.85 <0.08 — _ _
E::r;:;’. [0.5, 0.85] <0.08 <0.015 <6 GeV <4 GeV
ﬁ?:::‘;' >0.9 <0.08 — _ _
'f:ff;g' [0.8,0.9] <0.08 <0.035 <6 GeV <4 GeV
In addition: resembling miniAOD

ETH:urich Higgs Hunting 24 — Nico Harringer 19.09.2024
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H - yy: Correlation Matrices @ =

1
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H - yy: Correlation Matrices @ =

LT

1
. CMS Preliminary 0.8
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N, [0.1] -
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