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Avallable packages

JHUGeneratorEvent generator for a spiy, 1 or 2 resonance

A A key simulation tool in experiments to study resonances with BSM effectsRumde
A Has been a framework to study anomalous couplings/EFT effects in Run 2 as well
A Focus on the anomalous/EFT couplings of the Higgs boson today

A Interface to MCFM matrix elements for edhell Higgs processes

JHUGenMELA: Matrix element library with an obj@i¢nted C++/Python interface and
related numerical convenience tools for analyssahie for

A Reweighting of existingimulation via ratios of¥ | .

A Constructing discriminants for the analysis of couplings and background suppression

JHUGenLexicoiranslation tool for between differe®FT and Warsaw basesd the JHUGen
amplitude convention of anomalous couplings

More details on tool availability and versiofgtps://spin.pha.jhu.edu
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JP-MELA Discriminant
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Avallable processes for Higgs simulatio

= Single resonancgecaymodes

Single resonance ) with production coming from
productionmodes = elsewhere (e.g. POWHEG, JHUGen)
QQ "0 | 00 G MO ® 0 10
QCDOproduction with 1 or 2 jets X\ OO0 1 G20 CQ
VBF 0o 7
e i O ‘00 tt <
(LO or NLO in QCD) ]
G g{ Cf;o 0O Off-shell mixedmodes
(LO or NLO* in QCD) o . ZIF’. T w © 4f production
50O via gluon fusion, and
5550 W& T Tow O 4f+2jetsor V

electroweak production, both featuring
Higgs, VV continuum and
Higgs+continuumvith their
interference, or aradditional spir0

0000 ATAVAYAY

resonance
O

| T

(*) NLOMJOis available separately upon request



Resonance couplings
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The parametrization of the amplitude as above easily beinterpreted in other conventions,
e.g.the EFTHiggsbasis 1]
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Case study: VBF CP analysis (HVV)

A For a VBF CP analysis, one could exaafiaeor a e A N

multivariate discriminant using more kinematic information & —o_ ]

A For optimal analysigonstruct MELA discriminants of form ! y ]

Piig (L , Pint (L2 0.031 5

Dy (2) = S]D( p ) Dint(ﬂ) - > mt( ) r .

Psig(g) * 'Dalt(g) 2\/ng(9) X Pa]t(ﬂ) 002:

(here, sigw , alt=it ["YU], int [CP]=interference extracted

using’Q o) ot ]

A MELA discriminants contain full kinematic information and carpX5-—-5—4——¢=—5%=3
outperform singlevariable or other multivariate techniques AD,
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Full case study HVV coupling constraints fron
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A Case study of constraints on the HVV
couplings using VBB° 1 Jevents
A Different interference components can b
obtained via dedicated simulation or
reweighting existing simulated events
A Comparison of constraints at 300 and
3000°@ made using
a) full set of MELA discriminan® and
O with production and decay
information
b) set of MELA discriminan@ and
O with decay information only
c) Binning of observables following the
STXS 1.4inning
A Analysis with a MELBased binning in /b
with production and decay information
combined can be more sensitive to
couplings than a decaynly analysis or
STXS 1.1 binning



A Similar toa VBF CP analysis, one could exarafae or 0.8 —Ad,, /s

Case study: ggH+2 jets CP analiig (

construct MELA discriminants

A Only quarkinitiated MEs are sensitive, so discriminants . £

constructed only out of those.

A MELA discriminants could outperfors%o
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Full case studyiggcoupling constraints

A Shown constraints are obtained usimg/®vents, but expected yields are scaled to
includel randt thannels to illustrate the effect of combination

A No statistical sensitivity othe modification of the loop to Higgs , ignoredat the
momentin the projections.
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Translation otouplings

A Conversiorbetweenthe couplings in the JHUGen amplitude conventiand the EFT Higgs
basis, or the Warsaw basispigssible using th@HUGenLexicon

2 .2 2.2 77 )
oc, = —gt% — 1 C.. = — 25 Ci g5* C.0 = Mzsw_Ki C.. = ——25”:(“: g5*
z 7 1 {)3 92 z {’2 (Afé)z 2 J4
2 2.2 WW 2
Sc.. — lqu 1 P _ 25w G cog = Miys, K _ z ar g
W 2° 1 ww (’2 g2 W ()3 (A;yw)g Wh 2 74
28,Cp 7 . 285,Cp 7 $,00 ML 4 i i 101
(=l g =D T2 2 Higgs basis coefficients, seig
e e” e” (A] )...
2 2 2 2
_ vy ~ vy _ g -~ g
Cor = 292 Cor = 294> Cqg -9 Cgg — =Y
e e” s Is
e — ; _______________ e e
dl = 1+ (93" —(;'22 )(i—!—_{_ﬁ,@le (——2%,&(%) |
wr I
Y ZZ\ 2 Zy [ Cu [ ; e
di = (91" —9i?)c, + ai (g - 2su<u) , Warsawbasis coefficients, s€€]
w
.2 M2 ZZ |
7 a SuwCw ey 77 . Zy Mz Ry .
di = 1-25""5 (93" = 977) — 28uwCug) — 5 - ZzZv2 1| zz SV (o 2
o — 5%, 2(c2, — 52,) (A{7)? I gy = _2-‘\_2 (s_w-u!éé + Wy + -“S'u.('.w'u-‘égﬁg) .
2 172 ZZ ‘
df = df =1— "2~ (g3 — ¢5%) — 2w gl _ Mz ! ., JV% (o 2
2 3 2 — g2 ¥ 2 72 o 2 2(e2, — 52 ) (AFZ)27 | Y12 = _2..-‘\_2 (('w“’éé + SuWew — '“-"w("w"”éBﬁ-’) )
2 I 2
Z _  Sw gy Z~ S S L oo
dy = (i d‘4 ’ 1 94 = _2;\_2 (.‘n’w(.w('u-‘éﬁ; — -u.'éé) + E(au — (’u,)t.t‘(;‘Bﬁ;
ZZWW & 72 ZyWw _ Cw gz v?
1 LA = — [ — 7 f = = 99 __ 9_ Y -
ff ‘.,2 (_.(EQ ].) \ fl'f 5y {rfz . (Ll = *2:‘\7,(1 ek

aTQGC contributionssee[2] 0


https://doi.org/10.23731/CYRM-2017-002
https://cds.cern.ch/record/2001958
https://doi.org/10.1007/JHEP10(2010)085

1000 peerr
(100)

Translatlon of couplings: HVV example

'\.’\ —)H—>4E ,.f.’

T e STXS (stage-1) -~ 4
e e MELA (decay) ...z

| A Constraints shown in red for

3UU[J (3UU} lb
. 4, Oo, Ny, .-'\1 Y unconstrained

@l

20
(2)

0
-1-0.6-0.6-0.4 -0.2 _0.005 D

f

g4

VV > H> 48, = 3000 (300) ib
g1, Qs, Qa, mz\“ unconstrained

----- MELA

----- STXS (stage-1) ]
o MELA (decay) .

P —_————————
- 1: n by by by

f

0
—1- DE«—DE 04 0.2 0005 0

Al

0.005 02040608 1

T LN RAR |"': i I - L DL L L |
1 _elther of th(=T coqp_llngs can be [ I 2000 -
interpreted in a joint muld 5| vwsns ol
parameter form. - i, T
o 4 {35
0005 02040808 1 N S EQN 4 i — 25
: [ ]
T T T ] - I‘\\._ - _15
1 A The multiparameter form _os\- 7'
/] can be translated to other i ] oK
"1 . . . . ! v v v vy sy 1 0
bases usingHUGenLexicon 0.05 0 0.05
l::ZIZI

here Higgs basis as an example.

11



Off-shell(mixed) processes

A We utilizethe MCFMmatrix elements for theQdnitiated Ojet VVproduction (since
2015),or the EW VV production withj2ts (since 2017):

A Added additional anomalous couplings of the Higgs (iHdgy,or O™, an
additional®d / @ loop in gluon fusion case, also triple and quartic V coupling
contributions in EW VV production with 2 jets continuum amplitudes for a full EFT
treatment.

A Also added a second resonance to the amplitudes with equivalent but separate sef
of couplings

A Expandedhe EW MEs to allow separate generation for each inftral state
configuration, and theriple-V production MEs to also feature leptonic decays of the
associated V for ME reweighting purposes
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do/dm,, [fb/20 GeV]

Off-shell processeﬁggcouplmgs
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Off-shell processes: HVV couplings
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A Changes in the VV
invariant mass shape due to
HVV anomalous couplings ir
"QOQ 1 J&rt /b BW
production (assuming no
changes in the continuum
amplitudes)

A & shape with two
different exemplary HVV
anomalous couplings in

T /b ¢ BW production,
assuming triple and quartic
gauge couplings are affectec
by the changes in Higgs
couplings (seel] for
correspondence details)

A Different components

can be obtained using
dedicated simulation or
reweighting
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Off-shell processes: Second resonance
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A lllustratingdifferent spin0 Xmasses
and couplingsn theC @ Tt Jiop) or EW
T /b ¢ Bbottom) processes.

A Full interference with the first
resonance (H) and the continuum
amplitude are implemented, allowing
expansion of additional resonance
searches in ZZ and WW final states.



New features in VH production

A VH production at LO in QCD had been available in our package for several years. W\
now add NLO production capability, and tGEQ & "@ontribution.

0 0° 0 O korrections are relatively flat in
relevant kinematics within a 5% margin.
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