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Introduction

O It is essential to measure the Higgs boson properties precisely—think of its decay width.

[0 However, a direct measurement of the Higgs boson total width is probably inconceivable.

[0 Due to the following reasons:

o The width predicted by the SM is 4.1 MeV—very small;
o but the experimental resolution is ~ 0.2 GeV—experimental limitation.

O Why the H* — ZZ off-shell is a good idea to measure the Higgs total width?
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O Assuming the on-shell (my ~ Mzz) and off-shell case (my is an arbitrary)
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O Notice that the off-shell cross-section does not depend on the Higgs boson width.
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O The ggF cross-section extends by O(15%) due to two threshold effects on the off-shell.
[0 The ability to constrain the Higgs couplings in BSM scenarios.
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Analysis strategy

O The signal considers ggF, VBF & VH production modes
O Since the signal cannot be treated independently from the gg — ZZ background

S+B+I (SB) =
: "/VVL‘
gg—(H'—)ZZ = | gg > H — 77 .+- 88 — ZZ ‘
[0 Extracting the off-shell signal strength:
U'gi/?(H*_))ZZ(ILoH-shell) = Moﬁ-shellagggzggxzsid + \/uoﬁ.shenofjﬁéﬁ + U%QC,ZSZSM

[0 Generate events with arbitrary values for pogsnen, like 1 and 5.

O The off-shell Higgs production considered in two channels:

o H* - ZZ — 44
o H* = ZZ — 202v
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Analysis strategy

ZZ — 44 channel: signal and control regions

Using neural network based observables, signal regions are defined to target ggF and VBF&VH
production modes. J

O Signal regions: 220 < my; < 2000 GeV

ggF VBF 1-jets VBF 2-jets
O Njets = 0

0 Niets =1 & M < 2.2 O Njets =1 & m; > 2.2 O Njets > 2 & Amj; > 4.0
O Njets > 2 & Am; < 4.0

O Control regions:

o 180 < myy < 220 GeV with 0-, 1- or 2-jets
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Analysis strategy

ZZ — 242y channel: signal and control regions

Signal regions are defined to target ggF and VBF & VH production modes. J

O Signal regions:

99F
O Preselection: 0 Njets =0

Common selection: 0 Njets = 1
o 76 < my <106 GeV 0 Njets > 2 & An; < 4.0
o ERiss > 120 GeV VBF 1-jets

Background rejection: O Njets =1 & M > 2.2
o 3rd lepton veto VBF 2-jets
o ARy <18 O Njets > 2 & An; > 4.0
o AP(Z, Ep) > 2.5 ) 0O Control regions:
o A¢(jet pr > 100GeV, EXRIs5) > 25 - - . iSS i
° Efll‘iss—significance >0 o ZCR (Z-tjets): ER —s!gnn‘lcance <9
o bjets veto o eu CR (tt & WW): 2 different flavour

leptons
o 3¢ CR(WZ): mr(¢43) > 60 GeV,
Emiss_significance > 3

[0 Using the transverse mass as observable in the above three regions:

2 = 2 L o\2
(m%z) :(‘/mé+|ﬁ§e|z+\/m§+‘57r_mx|z) _(ﬁ;f_'_E_rrm.\',\)
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Expected results

The signal strength for ZZ — 44 and ZZ — 202v
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O The scan was performed with the assumption that u?% = pu¥2f =1
O The expected upper limit from 36.1 fb~1 was 4.36 (4.47) for 4£ (242v).




H/Z combined results

O Inputs:

o The ZZ — 44 and ZZ — 2£2v off-shell results
o Eur. Phys. J. C 80 (2020) 957 on-shell results

O First, combining the ZZ — 44 and ZZ — 2£2v off-shell results: where the CRs from the 4¢
channel are used to constrain the qg — ZZ background in the 2£2v channel.

F
O Hoff-shell I‘Lgigf—shell and u’(\)/g-l—;hell
[0 The second step is to combine the off-shell to the on-shell results:

o [y/TSM where T$M = 4.1 MeV

Poffshell = K off-shell * Kv, off-shel
_ k§, on-shell ’ k2v, on-shell

Kon-shell = rH/r,AS_/M

Mofi-shell = Hon-shell - [ 1/TFM

- 2 _ 2 2 _ 2
Assuming that kg g pon = Kv on-shen® Kv oft-shell = KV, on-shell

gg—H* =22 G,ggﬁH*aZZ

: — _%off-shell = -shell
O Notice that pofr.shell = —25509h— & pofishenl = 25kl —
95 f-shell, SM on-shell, SM
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-28/

H/Z combined results

O Similarly the couplings ratio

o Rgg & Ryy

Rgg

Rwv
9gF
H off-shell

VBF _
Hoff-shell —

2 2
kg.off-shell/kg,on-shell
2 2
k\/,off—shell/k\/,on—shell
99F SM
Rgg ' RVV " Hon-shell © rH/rH

> VBF SM
R Bon-shen * TH/TE

Assuming that T'y/IM = 1.0 & Ryy = 1.0; in case of the Ryq

O Nuisance parameters were properly correlated.
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H/Z combined results

ZZ — 44, 2¢2v combination: the off-shell signal strength (Kofshen)
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0 The scan was performed with the assumption wlz o 1 = BWSF cpen = 1
O The expected upper limit of the off-shell signal strength for 36.1 fb—! was 3.48
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H/Z combined results

The Higgs total width
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[0 Scanning FH/FaM while profiling Lon-shell
O The expected upper limit on the ['y/TPM for 36.1 fb~! was 3.78




H/Z combined results

Off-shell + on-shell combination: The Ryy & R\ couplings ratio
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O The expected upper limit on the Ryq for 36.1 fb~! was 4.28.




Presented the off-shell Higgs production and measurement of its decay with with the ATLAS experiment in
the ZZ — 44 and ZZ — 2£2v channels.

Expected (NLL

GirmiE 68% CL  95% CL

off-shell 4¢ 1.98 2.79

Hoff-shell off-shell 2£2v 2.25 2.85
off-shell 4Z + 2¢02v 1.80 2.40

off-shell 4¢ 2.25 3.01

B ent off-shell 282v 2.30 341
off-shell 4¢ + 2¢22v 1.82 2.61

off-shell 4¢ 4.10 6.57

wYEF e off-shell 202v 2.45 4.28
off-shell 4¢ + 202v 2.90 4.14

I'H/FHM off-shell 42 + 2¢2v + on-shell 1.80 2.45
Ryg off-shell 44 4 2£2v + on-shell 1.80 2.70
Rw off-shell 4¢ + 2£2v + on-shell 1.90 2.83

O First evidence for off-shell production of the Higgs boson reported by the CMS experiment (3.60).

[0 Where the expected 'y is found to be 11.3 MeV with 3.21%:‘71 MeV observed central value.

O Do you want to know how long it takes for the Higgs boson to vanish?
Heisenberg uncertainty principle:

T=h/Ty =6.5821 x 1072 GeV.s/(2.45 x 4.1 x 1073 GeV) = 6.5472637 x 1072% s
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Additional slides

The ggF signal strength for ZZ — 44 and ZZ — 202v
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O Profiling “’Xf?—l_;hell while scanning “cg)?f/:_shell and the other way round.
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Additional slides

The VBF signal strength for ZZ — 4¢ and ZZ — 242v
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O Profiling “’Xf?—l_;hell

Abdualazem

while scanning “cg)?f/:_shell and the other way round.



Additional slides

Two-dimensional scan of the uggﬂihe“ and “Xf?-ihen for ZZ — 44 and ZZ — 242v
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O Two-dimensional likelihood scan of the p%% | and uY8F  for ZZ — 42 (left) and ZZ — 262v
(right).
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Additional slides

Combined results: the individual off-shell ggF and VBF production mode
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O Profiling one while scanning the other.
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Additional slides

Combined results: the individual on-shell ggF and VBF production mode
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Additional slides

; . 99F VBF
HZZ combined results: Rgg-Rvv VS Uig hen™Mof-shell
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O Two-dimensional likelihood scan of the Rgg & Ryy (left) and u9% | & uYBF . (right).
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Additional slides
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Two-dimensional likelihood scan of the w pand p
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