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Definition

® MonteCarlo: a (public) tool that provides differential
distributions for any observable or unweighted events,
beyond LO/lowest-multiplicity
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Beyond total rates

® More than total rates needed for realistic pheno studies
® Selection/acceptance cuts are imposed on particles in
the final state
® One may want to look to specific differential
distributions
® Accurate (i.e. including QCD effects beyond LO) and
realistic (i.e. matched with PS) fully differential
predictions are necessary!
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Production channels:
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HH production at pp colliders at NLO in QCD ®
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ggHH tot xsec also known at NNLO (in the EFT) (de Florian, Mazzitelli, arXiv:1309.6594) >
HH-VBF tot xsec also known at NNLO (Liu-Sheng, Ren-You,Wen-Gan, Lei, Wei-Hua, Xiao-Zhou, arXiv:1401.7754) 1 t
VHH tot xsec also known at NNLO (Baglio, Djouadi, Grober, Muhlleitner, Quevillon, Spira, arXiv:1212:5581) p
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UPMC
@ MadGraph5 aMC@NLO

J.Alwall, R. Frederix, S. Frixione, F. Maltoni, O. Mattelaer, H. S. Shao, T. Stelzer, P. Torrielli,V. Hirschi, MZ
arXiv:1405.0301

MadGraph

MADGRAPHS5_AMCEGNLO

Cutlools + TIR M@@ININO.
(HW6, PY6, HW++, PY8)

mtp
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HH differential observables
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AnnH dependence in gg—HH
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- pp—HHjj (VBF) production at the LHC13, NLO+PY8
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AnnH dependence in VBF
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AHnH dependence in ttHH

-3
10° ]
- pp—HHLtt production at the LHC13, NLO+PY8 ] 1073 =pp—HHLtt production at the LHC13, NLO+PY8 E
[ Ayuy dependence ] F Ay dependence ]
10 b 4 10%E ;
o) A=2hgy —— a : A=2hgy ——
Z _E: h=hgy —— 2 10° kb h=hgy ——
£ =0 — £ 2 =0 — ]
g0 | . e —
© : r=2hgy —— 13 O Mgy —— 19
[ — }_‘ 12 6 | 12
- :E%E—T\ﬁ_’% ; 5
|| ’ ! 1.4
10 & , 1%
1& 10" F =K
1% T
13 ]
] 1= — =
] ] ] | I ] I | PRI SN T T T S [ SR SR SO SR [N SN TN ST T SN ST ST NN N RN | ]
15 H tioovet 2= z 13 £ L'—ga__gé;‘:‘:_ﬂ%moverx—_L] [ 3
0.8 = 0.8 —] —
0.6 | ] 0.6 F :,;':’E;'::’ - Er— -
04 . T 04 b v T v e e e T
0 100 200 300 400 500 600 0 200 400 600 800 1000 1200 1400 1600 1800
pr(Hy)[GeV] m(HH)[GeV]

>t
Marco Zaro, 29-04-2015 10 Mainz Institute W for

Theoretical Physics



-1
10 "
- pp—HHijj (VBF) production at the LHC13, NLO+PY8
- hyyHH dependence
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AvwHH dependence in VBF

pp—HHijj (VBF) production at the LHC13, NLO+PY8
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® A\vwwhH changed in a custodial way (same scaling factor

for W and Z)
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AvwHH dependence in VBF
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HH in MadGraph5 aMC@NLO

® All sub-leading HH production modes can be simulated
automatically in MadGraph5 aMC@NLO at NLO+PS

® oos—HH needs special care:
® The top-quark effective theory breaks down for HH

duction
T T T T T . T T T ] Dolan, Englert, Spannowsky, arXiv:1206.5001
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HH in MadGraph5 aMC@NLO

® All sub-leading HH production modes can be simulated
automatically in MadGraph5 aMC@NLO at NLO+PS

® oos—HH needs special care:
® The top-quark effective theory breaks down for HH

production
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TOP QUARK L

Discovered at Fermilab in
1995, the TOP QUARK

is as short-lived as it is

massive. Weighing in at
a hefty 175 GeV, its
lifetime, a mere 10724
second, is the briefest of
the six quarks. Top
Quarks are an enigmatic
particle whose personal
life is sought after by

thousands of physicists,

Aerylic felt with
gravel fill for

maximum mass.

0000000000000 ’ Us];...O,,,.'Nf‘g
LIGHT HEAVY

TOP QUARK

SPARTICLLEZ 0
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Inclusion of top mass effects

(see also afternoon talks)
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MLM merging UPmC

Li,Yan, Zhao, arXiv:1312.3830
Maierhofer, Papaefstathiou, arXiv:1401.0007

1 t p
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MLM merging UPmC

Li,Yan, Zhao, arXiv:1312.3830
Maierhofer, Papaefstathiou, arXiv:1401.0007

® |[nclude exact one-loop born and real-emission ME
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MLM merging UPmC

Li,Yan, Zhao, arXiv:1312.3830
Maierhofer, Papaefstathiou, arXiv:1401.0007

® |[nclude exact one-loop born and real-emission ME
® Use a merging scale (arbitrary) to separate soft and
hard emissions (shower vs ME driven)

Shower

' h 1tp
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MLM merging UPmC

Li,Yan, Zhao, arXiv:1312.3830
Maierhofer, Papaefstathiou, arXiv:1401.0007

® |[nclude exact one-loop born and real-emission ME
® Use a merging scale (arbitrary) to separate soft and
hard emissions (shower vs ME driven)

° Imprgygd descrlptlon of shape§g,g !;)gt formally LO |

do/dph [pb/G eV]

do/dph [pb/G eV]

Ratio
Ratio

Merged/Unmerged scale dep. Pl GVl Merging syst. Pt [GeV] tp
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crr ss—oHH @NLO:  U2MC
HPAIR

Dawson, Dittmaier, Spira, arXiv:hep-ph/9805244

donro = dojo +  doy, —|—/d<I>1 dot!
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eeHH @NLO:  U2MC

HPAIR

Dawson, Dittmaier, Spira, arXiv:hep-ph/9805244

n . mn
doyro = | doro

® |nclude exact one-loop

+ dol + [ dPy dot!

born matrix-element

Marco Zaro, 29-04-2015
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n
dUNLo

® |nclude exact one-loop
® Approximate real and virtuals with the born-rescaled

EFT

Marco Zaro, 29-04-2015

T
dO'LO

gge—~HH @NLO:
HPAIR

Dawson, Dittmaier, Spira, arXiv:hep-ph/9805244

+ doy |+
born matrix-
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gge—~HH @NLO: Upmc
HPAIR

Dawson, Dittmaier, Spira, arXiv:hep-ph/9805244

do%ro = | dolo | +| dols | H [ d®y dolptt

® |nclude exact one-loop born matrix-

® Approximate real and virtuals with the born-rescaled
EFT
® Only inclusive NLO cross-section

99
oLO = /dT AL OLO(Q2—TS)

99
ACyire = (,u / dr d£ oLo(Q —’7'8) C,

Aoy, Oésw'u / dt dngg /TO/T—ULO(QZZZTS){_ZPQQ( ) log ]\f—;

s 4 Y log(1 — 2) }
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@ gge7HH @NLO oo
with aMC@NLO

donro = dojo +  doy, —|—/d<I>1 da%+1
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@ srmeno UEMC

with aMC@NLO

donro = | dojo |+ doy, —|—/d<I>1 dot!
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gg*HH @NLO == &

with aMC@NLO

donro = | dorpy |+ doy, —|—/d€[>1 dot!

® |[nclude exact one-loop born and real emission ME
® Two-loop virtual ME is currently unknown
® Approximate with the born-rescaled EFT
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% ge—HH @NLO UPmC

with aMC@NLO

donro = | dorpy |+ doy, —|—/d€[>1 dot!

® |[nclude exact one-loop born and real emission ME
® Two-loop virtual ME is currently unknown
® Approximate with the born-rescaled EFT

® |n practice m; effects included by reweighting
(straightforward in the (a)MC@NLO formalism)

do™ = d¢ni1 (R - Cuc) reweigh with Born

o do,
do® = dgp1 [(B +V+CM) y f
n+1

+ (Cpe — C)] reweigh with real
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aMC@NLO vs merging

® Disclaimer: not tuned comparison
® Different scales (mnH/2 vs s)
® Same shower (Herwig++) but different shower scales
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Thoughts and open questions #|

® We can simulate quite precisely (NLO+PS) all production
channels.Will we ever observe them all?

® og—HH: inclusion of top mass effects is crucial for meaningful
differential distributions. Still, exact NLO is missing
® How good/bad is the aMC@NLO approximation?

® Quite good (<5%) if there were no box i med GEEaie M = |
® For loop-experts: how far is the exact

double box?
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Thoughts and open questions #2

® | O-merging: do we need HH+2j?
® Do we need (Can we compute) EWV corrections for

gg—HH!?
® Taking “inspiration” from gg—H (triangle vs o(mnH)) may be
misleadin g Actis, Passarino, Sturm,Uccirati, 0803.1301 (gg—H)

® 5(mn) has no Sudakov enhancement

100 150 200 250 300 350 400 500
My [GeV]
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