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DfiscrfimfinatfingtheHfiggsproductfionmechanfismsplaysacrucfialrolefindfirectlymeasurfingthe
couplfingsoffHfiggstogaugebosonsfforprobfingthenatureofftheelectroweaksymmetrybreakfing.
WeproposeanovelmethodtodfistfingufishtheHfiggsproductfionmechanfismsattheLHCbyutfilfizfing
thejetchargeasymmetryoffthetwoleadfingfforwardjetsfinHfiggsplustwojetsproductfion. Thfis
novelobservableprovfidesawaytodfisentangletheW-ffusfionffromtheZ-ffusfionandgluonffusfion
processesfforthefirsttfime,duetotheelectrficchargecorrelatfionoffthetwoleadfingjetsfintheevents.
WeshowthattheHfiggscouplfingstogaugebosonscanbewellconstrafinedandfitsconclusfiondoes
notdependontheotherpossfiblenewphysficseffectswhfichmodfiffytheHfiggstotalorpartfialwfidth.
Wealsodfiscussthecomplementaryrolesbetweentheproposedjetchargeasymmetrymeasurement
andtheHfiggssfignalstrengthmeasurementsattheHL-LHCfindetermfinfingtheHfiggscouplfings.

Introductfion:Precfiselymeasurfingthefinteractfionsbe-
tweentheHfiggsbosonandtheweakgaugebosons(W
andZ)playsacrucfialroletoverfiffytheelectroweak
symmetrybreakfing(EWSB)mechanfismofftheStandard
Model(SM)andbeyond. Thesecouplfingshavebeen
wfidelydfiscussedunderthefframeworkoffκschemeorthe
Standard Modeleffectfivefieldtheory(SMEFT)atthe
LargeHadronCollfider(LHC)andffuturecollfiders[1–18].
FromtherecentglobalanalysfisofftheATLAS[19]and
CMS[20]Collaboratfionsatthe13TeVLHC,themagnfi-
tudesoffthesecouplfingshavebeenseverelyconstrafined
bytheHfiggsdatawfithfinanuncertafintyaboutO(10%),
fi.e.κW =1.05±0.06,κZ =0.99±0.06(ATLAS)and
κW =1.02±0.08,κZ=1.04±0.07(CMS),whereκW,Z
aretheeffectfivegaugecouplfingstrengthsbetweenthe
HfiggsbosonandtheW andZbosons,respectfively,

LhVV=κWg
SM
hWWhW

+
µW

−µ+
κZ
2
gSMhZZhZµZ

µ, (1)

wheregSMhVV =2m
2
V/v,wfithV=W,Z,aretheHfiggs

couplfingstogaugebosonVfintheSM,andv=246GeV
fisthevacuumexpectatfionvalue.
However,todate,alltheknowledgeofftheHfiggscou-

plfingsfisfinfferredffromtheglobalanalysfisofftheHfiggs
dataunderthenarrowwfidthapproxfimatfionffortheHfiggs
productfionanddecay.Asaresult,themeasurementsoff
theHfiggspropertfiesarestronglydependfingontheas-
sumptfionofftheHfiggswfidth,whfichfisdfificulttobedfi-
rectlymeasuredattheLHC[19,20].Thereffore,probfing
theHfiggscouplfingswfiththeffewestpossfibletheoretfical
assumptfions(e.g.,Hfiggswfidth)playsacrucfialroleto
verfiffythenatureofftheEWSB.Oneofftheapproaches
toovercometheshortnessoffthecurrentglobalanalysfis
fistomeasuretheoff-shellHfiggssfignalstrengths[21–24].
Unffortunately,theHfiggscrosssectfionsdecreasesoffast
finoff-shellHfiggsphasespaceregfionthatfitwouldbea
challengetomeasuretheHfiggscouplfingswfithahfighac-
curacy[25,26
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]. Moreover,generally,thedetermfinatfion

FIG.1. IllustratfiveFeynmandfiagramsoffVBFand GGF
Hfiggs+2jetsproductfionattheLHC.Theblackdotsdenote
theeffectfiveHfiggscouplfingstogaugebosons.

offtheHfiggscouplfingsalsodependsonothertheoretfical
assumptfionsmadefintheanalysfis[23,27–32].

ForthepurposeoffdetermfinfingthehVVcouplfings,the
mechanfismoffHfiggsproductfionvfiavectorbosonffusfion
(VBF)playsanessentfialroleattheLHC.Therepresen-
tatfiveFeynmandfiagramsattheleadfingorderareshown
finFfig.1. SfincetheHfiggs+2jetsproductfionthrough
thegluon-gluonffusfion(GGF)processfisthedomfinant
backgroundffortheVBFHfiggsproductfionattheLHC,
theattemptoffseparatfingtheVBFffromtheGGFpro-
ductfionhasbeenwfidelydfiscussed[33–41].Itshowsthat
thecontrfibutfionffromtheGGFprocesscanbelargely
suppressedbyrequfirfingalargerapfidfitygapandalarge
finvarfiantmassoffthetwohardestjetsfintheHfiggs+2jets
events[33–35]. Wecanalsoutfilfizethedfifferentffeatures
offsofftgluonradfiatfionsbetweentheVBFandGGFpro-
cessestosuppressthecontrfibutfionffromtheGGF,e.g.,
thedfifferencefinthejetenergyprofiles[36]andtheaz-
fimuthalanglecorrelatfionbetweentheHfiggsandtwo-jet
system[37,40].But,noneoffthemcoulddfistfingufishWW
andZZ-bosonffusfionprocesses.SeparatfingtheW bo-
son’scontrfibutfionffromtheVBFHfiggsproductfionfisan
fimportanttaskffordetermfinfingκW andκZ,separately,
attheLHC.

TosuppressthecontrfibutfionsffromtheZ-bosonffu-
sfionandtheGGFprocesses,wedefineanovelobservable
calledjetchargeasymmetrybetweenthetwoleadfingjets
fintheHfiggs+2jetsproductfion. Forthefirsttfime,we
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demonstrate that the jet charge correlations in Higgs+2
jets production can be used to separate the W -boson fu-
sion from the Z-boson fusion and GGF processes; the
electric charges of the two leading jets in W -boson fusion
are opposite, while they could be the same or opposite
for the Z-boson fusion and the GGF processes. We argue
that one could determine the κW,Z without making an as-
sumption on the Higgs width and the other possible new
physics effects from Higgs decay. Moreover, the correla-
tion between κW and κZ , obtained from the jet charges
measurement, would be different from other experimental
observable (e.g., the Higgs signal strength measurement)
in the VBF processes. Therefore, the jet charge corre-
lation in the production of Higgs+2 jets could play an
important, and complementary, role in determining the
hV V couplings.

Jet charge: Jet charge can be used to mimic the electric
charge of the parent parton which evolves into a colli-
mated spray of particles. It is defined as a weighted sum
of the electric charge of the jet constituents [42–44],

QJ =
1

(pJT )
κ

∑
i∈jet

Qi(p
i
T )

κ, κ > 0, (2)

with pJT the transverse momentum of the jet, piT and Qi

are the transverse momentum and electric charge of par-
ticle i inside the jet. And κ is a free parameter which sup-
presses the contribution from soft radiations. The the-
oretical framework to calculate jet charge in QCD was
proposed in Refs. [43, 44]. As one of the jet substruc-
ture techniques, jet charge has been used for quark/gluon
jet discrimination [45–47]. There are many efforts using
jet charge as a tool to tag the hard process [48] and to
search for new physics signals [49, 50]. Jet charge has also
been applied to probe nuclear medium effects in heavy-
ion and electron-ion collisions [51–53], as well as quark
flavor structure of the nucleon [54–56]. Experimentally,
jet charge has been recently measured by ATLAS and
CMS Collaborations [57–60]. The theoretical and ex-
perimental efforts show that the jet charge serves well
for identifying the charge of the primordial parton of the
hard scattering. In this letter, we will apply the jet charge
observable in the production of Higgs+2 jets to discrim-
inate the Higgs production mechanisms at the LHC and
to further constrain the Higgs couplings to gauge bosons.

Collider simulation: We perform a detailed Monte
Carlo simulation to explore the potential of the LHC for
discriminating Higgs production mechanisms and prob-
ing the hV V couplings via jet charge correlations. We
generate both the W/Z fusion and GGF Higgs produc-
tion processes at the 14 TeV LHC by MadGraph5 [61]
at the parton-level with the CT14LO parton distribution
functions (PDFs) [62]. The following basic cuts for the
jets are required in the partonic final state: pjT > 20 GeV

with |ηj | < 5, where pjT and ηj denotes the transverse

momentum and rapidity of jet, respectively. The GGF
process was generated under the heavy top quark limit,
i.e., the EFT operator αs/(12πv)hG

a
µνG

µν,a, which pro-
vides a good approximation when the top quarks inside
the loop are off-shell. To get the isolated jets, we require
the cone distance between the two jets ∆R > 0.4. To
suppress the contribution from the GGF process, we fur-
ther require the invariant mass of jet pairmjj > 110 GeV
and rapidity gap between the two jets |∆ηjj | > 2.5. The
jet is defined based on the anti-kT algorithm [63] with
the radius parameter R = 0.4. Then we pass the events
to PYTHIA [64, 65] for parton showering and hadroniza-
tion. At the analysis level, all the events are required
to pass a set of selection cuts following the settings from
Ref. [19],

pjT > 30 GeV, 1 < |ηj | < 4.5,

mjj > 120 GeV, |∆ηjj | > 3.5, |ηh| < 2.5 , (3)

where ηh is the pseudorapidity of the Higgs boson.
On average the sign of the jet charge is consistent with

the charge of the parton which evolves into the jet from
the measurements at the LHC [58, 59]. Therefore, the
charge correlations for different VBF channels indicate
the charge correlations of the parton in the hard process.
Figure 2 shows the jet charge correlations between the
leading and subleading jets from the W -fusion, Z-fusion
and GGF processes after the kinematic cuts (see Eq. (3))
with the benchmark jet charge parameter κ = 0.3. It
clearly shows that the opposite sign of the two leading jet
charges is favored inW -fusion process due to the partonic
nature of the hard scattering at the leading order. How-
ever, this feature is disappeared in Z-fusion and GGF
processes. It arises from the fact that both the opposite
and same sign electric charges of the two leading jets in
Z-fusion could be generated with a comparable produc-
tion rate, while the sign of the jet charges in the GGF
process is arbitrary. Motivated by this, we define the jet
charge asymmetry of the two leading jets in Higgs+2 jets
production by

AQ =

∣∣∣∣Q1
J −Q2

J

Q1
J +Q2

J

∣∣∣∣ , (4)

where Q1,2
J is the jet charge of the leading and sublead-

ing jets, respectively. The advantage of this observable
is that the systematic uncertainties, which are the dom-
inant errors in jet charge measurements at the ATLAS
and CMS Collaborations [58, 59], are expected to be can-
celed. This conclusion has been verified by the previ-
ous studies of other track-based observable in the HERA
measurement [66]. On the other hand, the jet charge
distributions are sensitive only to the weight of the jet
flavor of final states in the hard scattering but not to
the Higgs decay information (i.e., the Higgs width and
the other possible new physics effects in Higgs decay).
However, the jet charge asymmetry in Eq. (4) may be
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FIG.2.ThejetchargecorrelatfionsbetweentheleadfingandsubleadfingjetsffromW-ffusfion,Z-ffusfion,andGGFprocesseswfith
jetchargeparameterκ=0.
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FIG.3.ThejetchargeasymmetryAQdfistrfibutfionsasaffunc-
tfionofftheaveragetransversemomentumoffthetwoleadfing
jetspT atthe14TeVLHCwfiththefintegratedlumfinosfity
L=300ffb−1.Itssystematficuncertafintfiesareassumedto
cancelout.

unstablesfincefitcanbemuchenhancedffortheevents
wfithQ1J+Q

2
J∼0,thereffore,wewfillutfilfizetheaverage

valuesoffthejetchargestodefinethfisasymmetryfinthfis
paper,fi.e.,

AQ≡
⟨Q1J−Q

2
J⟩

⟨|Q1J+Q
2
J|⟩
≡
⟨Q(−)⟩

⟨Q(+)⟩
, (5)

where⟨Q⟩denotestheaveragevalueoffthequantfityQ
andQ(±)=|Q1J±Q

2
J|.Fromthedefinfitfion,fiffthecharges

havetheopposfitesfignsuchasthepartonficprocessffor
W-ffusfioncase,theasymmetryfisexpectedtobeAQ>1.
However,fiffthechargeshavethesamesfign,e.g.,theZ-
ffusfionprocessuu→uuh,AQ<1.FortheGGFprocess
thechargesareffullyuncorrelatedsothatAQ∼1.
Ffigure3showsthejetchargeasymmetryAQ asa
ffunctfionofftheaveragetransversemomentumoffthetwo
leadfingjets(pT≡(p

1
T+p

2
T)/2)finHfiggs+2jetsproduc-

tfionatthe14TeVLHCwfiththefintegratedlumfinosfity
L=300ffb−1.Thestatfistficaluncertafintfiesareestfimated
ffromthePythfiasfimulatfionbygeneratfingalargenum-

beroffpseudoexperfiments. Weassumethatthestatfis-
tficalerrorsffollowtheGaussfiandfistrfibutfionandcould
berescaledtoanyfintegratedlumfinosfitybytheevent
numbers. WehavecheckedthatAQ doesnotnotficeably
dependonthechoficeoffκvalue,whenvaryfingffrom0.3
to0.7. AsexpectedwefindAQ >1ffortheW-ffusfion
(blackpofints)sfincethesfignoffthejetchargesareop-
posfite. However,theasymmetryfisclosetoonefforthe
Z-ffusfionasshownwfithbluepofintsfinFfig.3.Toffurther
understandthebehavfiorofftheZ-ffusfion,wealsoshow
AQffortheZ-ffusfionwfithopposfite(redpofints)andsame
sfignjetcharges(cyanpofints)finthesamefigureandthe
resultsareconsfistentwfiththeargumentbeffore. When
wecombfineallpossfiblechannels,thfisasymmetrywould
beclosetooneffortheZ-ffusfionprocesssfincetheoppo-
sfiteandsamesfignjetchargeconfiguratfionscouldgfive
acomparablecontrfibutfion.Thedomfinantcontrfibutfions
ffortheGGFprocesscomeffromtheqgandggfinfitfial
states,finresult,wecouldexpectthatAQ∼1duetothe
uncorrelatednatureoffthejetchargesfinthfisprocess.

Wealsonotficethatthejetchargeasymmetryfisnot
verysensfitfivetopT ffortheZ-ffusfionandtheGGFpro-
cesses.Inpartficular,fitexhfibfitsaweakpT dependence
ffortheW-ffusfionandtheZ-ffusfionwfithopposfiteorsame
sfignjetcharges. TobeclearaboutthepT dependence
ffortheW andtheZ-ffusfionprocesses,wecalculatevar-
fiousfinfitfialstate(qq′)ffractfiondfistrfibutfionsffqq′fforthe
W-ffusfionandtheZ-ffusfionaffterthekfinematficcutsfin
Eq.(3)attheleadfingorder;seeFfig.4.Itshowsthat
theduquarkfinfitfialstatedomfinatesthecrosssectfionfin
W-ffusfion(seeFfig.4(a))andfitwfillfinduceaweakpT
dependencefforthechargeasymmetryfinFfig.3(black
pofints).FortheZ-ffusfionprocess,weonlyshowtheffrac-
tfionsoffthedomfinatedchannelsfinFfig.4(b).Theweak
pTdependencefforthechargeasymmetryofftheZ-ffusfion
wfithopposfite(redpofintsfinFfig.3)andsamesfign(cyan
pofintsfinFfig.3)jetchargescanalsobeunderstoodffrom
thebehavfioroffthedomfinatedffractfionsffudandffuu.As
aconsequence,thejetchargeasymmetryofftheZ-ffusfion
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FIG.4. Varfiousfinfitfialstate(qq′)ffractfiondfistrfibutfionsffqq′
fforHfiggs+2jetsproductfionvfiaW-ffusfionandZ-ffusfionatthe
14TeVLHC,asaffunctfionofftheaveragejetpT.

wfillnotbesensfitfivetothepT affterwecombfineallthe
subprocesses.
Next,weutfilfizetheAQ finfformatfiontoconstrafinthe

hVVcouplfings. AfftercombfingtheW-ffusfion,Z-ffusfion
andGGFcrosssectfions,thejetchargeasymmetryfin
Hfiggs+2jetsprocessreadsas

A
tot

Q =
ffW⟨Q

(−)⟩W +ffZ⟨Q
(−)⟩Z+ffG⟨Q

(−)⟩G
ffW⟨Q(+)⟩W +ffZ⟨Q(+)⟩Z+ffG⟨Q(+)⟩G

, (6)

wherethesubscrfiptsW,ZandGrepresentthecon-
trfibutfionffromdfifferentchannelsaccordfingly. Theffrac-
tfionsfffi(pT,κW/Z)fisdefinedasσfi/(σW +σZ+σG)wfith
fi=W,Z,G.ItshowsthattheW-bosonffusfiondomfi-
natesthecrosssectfionaffterapplyfingthekfinematficcuts
finEq.(3). ThecontamfinatfionffromGGFcanbeffur-
thersuppressedwfithboosteddecfisfiontreesanalysfis,as
shownfinFfig.2offReff.[67].Toestfimatethefimpactoff
thejetchargeasymmetryonconstrafinfingthehVVcou-
plfings,weconsfiderh→WW∗(→2ℓ2νℓ)andZZ

∗(→4ℓ),
wfithℓ=e,µ,τ,asourbenchmarkdecayprocessesfinthfis
work.Thedomfinantbackgroundwfiththesedecayprod-
uctsfistheGGFprocess[68]. Butweemphasfizethat
thecorrelatfionsbetweenκW andκZ measuredffromjet
chargeswouldnotbesensfitfivetotheHfiggsdecayfin-
fformatfion,whfichhasbeencanceledfinthedefinfitfionoff
ffractfions.Itcanonlychangethestatfistficaluncertafintfies
fineachpT bfinthroughtheeventnumbers. Theresult
couldpotentfiallybefimprovedfiffwecombfinemoredecay
modesofftheHfiggsboson,whfichfishoweverbeyondthe
scopeoffthfiswork.Perfformfingthepseudoexperfiments,
weconductacombfinedχ2analysfisas

χ2=
fi

A
fi,tot

Q −A
fi,tot,0

Q

δA
fi,tot

Q

2

, (7)

whereA
fi,tot,0

Q andδA
fi,tot

Q arethejetchargeasymme-
tryfintheSM(fi.e.,κW =κZ =1)andthestatfistfical
uncertafintyoffthefi

assumeΓh(κW,κZ)

AQ Rh

μVBF
ZZ μVBF

WW
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-thbfin,respectfively. Forsfimplfic-
fity,wehaveassumedthattheexperfimentalvaluesoffjet

FIG.5. TheexpectedconstrafintsattheHL-LHConκW,Z
ffromthejetchargeasymmetryAQ (red). Theblueregfion
fisboundedbytheRhfingg→ hproductfion. Thegrayand
brownregfionsrepresenttheconstrafintsffromtheVBFHfiggs
sfignalstrengthmeasurementsvfiathedecaymodesh→ ZZ∗

andh→ WW∗,respectfively,andtheydependontheas-
sumptfionofftheHfiggsbosonwfidthΓh.

chargesagreewfiththeSMpredfictfions. Notethatwe
haverescaledthestatfistficaluncertafintfiestofincludethe
branchfingratfioBR(h→ 2ℓ2νℓ/4ℓ)fineachbfinfinour
χ2analysfis.Thekfinematficcutsfforthedecayproducts
offHfiggsbosoncanalsochangethetotaleventnumbers.
However,sucheffectsshouldnotsfignfificantlychangethe
conclusfionsoffthfispaperandwfillbefignoredfintheffol-

lowfinganalysfis.ItshowsthatthetypficalerroroffA
tot

Q

fisaroundO(1%),whfichstronglydependsontheaverage
jetpT.
InFfig.5,weshowtheexpectedlfimfitsonthehVV
couplfingsatthe68%confidencelevel(C.L.)fforthefinte-
gratedlumfinosfity3000ffb−1,obtafinedffromthejetcharge
asymmetrfies(redband)atthe14TeVLHC(HL-LHC).
ItfisevfidentthatκW andκZ cannotbeunfiquelyde-
termfinedbythemeasurementoffjetchargeasymmetry
alone.Inordertoffurtherreducetheerrorbandfinthe
parameterspaceoffκW andκZ,wfithoutmakfinganyas-
sumptfiononthetotaldecaywfidth(Γh)offtheHfiggsbo-
son,weconsfidertheffollowfingratfioofftheHfiggssfignal
strengthmeasurements,

Rh≡
µ(gg→h→WW∗)

µ(gg→h→ZZ∗)
=
κ2W
κ2Z
, (8)

wherethesfignalstrengthmodfifierµ(gg→ h→ VV∗)
fisdefinedasthemeasuredcrosssectfionrelatfivetothe
SMexpectatfion. Hence,anynewphysficscontrfibutfions
togg→ hproductfioncrosssectfionwouldcancelfinRh.
ItsconstrafintonκW andκZattheHL-LHCfisshownas
thebluebandfinFfig.5,wheretheerroroffRhfistakento
be5.7%[69].Itfisevfidentthatthecombfinedanalysfisoff

theA
tot

Q andRhdatacanffurtherconstrafintheallowed
κW andκZvaluesattheHL-LHC. Wenotethatthecor-
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relatfionbetweenκW andκZ,extractedffromA
tot

Q ,fisde-
pendentofftheffractfion(ffW,Z)offproductfioncrosssectfion
contrfibutedbyvarfioussubprocesses,whfichfissensfitfiveto
thekfinematficselectfionofftheVBFevents. Hence,fitfis
possfibletoapplysomeadvancedtechnologfies,suchas
BoostedDecfisfionTreeor MachfineLearnfing,toffurther
fimprovetheconstrafintsonκW andκZ,whfichfishowever
beyondthescopeoffthfiswork.

Forcompleteness,wealsoshowfinFfig.5theexpected
lfimfitsffromtheHfiggssfignalstrengthmeasurementsoff
theVBFHfiggsproductfionwfithh→WW∗(denotedby
µWWVBFfinthefigure,brownregfion)andh→ZZ

∗(denoted
byµZZVBFfinthefigure,grayregfion)attheHL-LHC[69].
Here,theerroroffthesfignalstrengthofftheVBFpro-
ductfionwfithh→ WW∗andh→ ZZ∗fistakentobe
5.5%and9.5%,respectfively[69]. Wenotethatwhfile

theconstrafintsfimposedbytheA
tot

Q andRhdataarefin-

dependentoffΓh,thosefimposedbyµ
WW
VBF andµ

ZZ
VBF are

dependentofftheassumptfionmadefinthecalculatfionoff
Γh. Here,weassumedthatΓhfisonlymodfifiedbythe
valuesoffκW andκZ.

Conclusfions: InthfisLetter,weproposeanoveland
ffeasfiblemethodtoseparatetheW-ffusfionffromtheZ-
ffusfionandthegluon-ffusfion(GGF)processesbyutfilfizfing
thejetchargeasymmetryAQ offthetwoleadfingjetsfin
Hfiggs+2jetsproductfionattheHL-LHC.Thfisfiscrucfial
fforseparately measurfingthecouplfingsoffHfiggsboson
toW+W− andZZgaugebosons,wfithouttheneedoff
makfinganyassumptfionaboutthedecaywfidthoffHfiggs
boson.Owfingtothepartonficnatureoffthehardscatter-
fing,wedemonstratethattheasymmetryAQ>1fforW-
ffusfion,whfilefitfisalwaysclosetooneffortheZ-ffusfionand
theGGFprocesses.Suchadfifferentffeaturecanbeused
todfiscrfimfinatetheHfiggsproductfionmechanfismsandto
determfinetheHfiggscouplfingstothegaugebosonsκV.
Whfiletheusual methodsoffdetermfinfing κV ffromthe
Hfiggssfignalstrengthmeasurementdependsontheas-

sumptfionoffΓh,theproposedmeasurementoffA
tot

Q does
notrelyonsuchanassumptfion.
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