HEJ

Status Update

James A. Black

Durham University

19th MCnet Meeting, CERN, September 2019

—MCnet

Science & Technology
@ Facilities Council



Table of Contents

© Introduction to HEJ
e MRK limit
o FKL Contributions

@ Since the last update...
e HEJ2
@ Finite Quark Mass Effects

© In the near future...
@ HEJ2.1: W+Jets and All Subleading Processes
e HEJ2.2(?): Improved Virtual Corrections
@ Same Sign W
e HEJPYTHIA

James A. Black (IPPP) HEJ2 19th MCnet 2/26



An Introduction to HEJ

igh nergy ets

@ A Partonic Monte Carlo Generator which aims to describe high
multiplicity events.

James A. Black (IPPP) HEJ2 19th MCnet 3/26



An Introduction to HEJ

igh nergy ets

@ A Partonic Monte Carlo Generator which aims to describe high
multiplicity events.

@ Provides perturbative predictions at LL accuracy (log($/t)) with
resummation of hard corrections to all orders.

James A. Black (IPPP) HEJ2 19th MCnet 3/26



An Introduction to HEJ

igh nergy ets

@ A Partonic Monte Carlo Generator which aims to describe high
multiplicity events.

@ Provides perturbative predictions at LL accuracy (log($/t)) with
resummation of hard corrections to all orders.

@ Hard corrections are a5 suppressed but phase space enhanced in the
large invariant mass limit.

James A. Black (IPPP) HEJ2 19th MCnet 3/26



An Introduction to HEJ

igh nergy ets

@ A Partonic Monte Carlo Generator which aims to describe high
multiplicity events.

@ Provides perturbative predictions at LL accuracy (log($/t)) with
resummation of hard corrections to all orders.

@ Hard corrections are a5 suppressed but phase space enhanced in the
large invariant mass limit.

@ but we need a formalism...
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Multi Regge Kinematic (MRK) Limit

Iarge §; small Pt ; strongly ordered jet rapidities (y;):

NIy . Ly K. <K Y1 < Yn
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Multi Regge Kinematic (MRK) Limit

large §; small Pt ; strongly ordered jet rapidities (y;):

NIy . Ly K. <K Y1 < Yn

Some nice relations:

2 ~ —0% = large
2 2 2
ti ~ —pi;~—pPL

log (i—’) ~ |y — il
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FKL Contributions

FKL configurations are the leading contributions in the MRK limit.
@ (2 — n) amplitudes with strong rapidity ordering in final state
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FKL Contributions

FKL configurations are the leading contributions in the MRK limit.
@ (2 — n) amplitudes with strong rapidity ordering in final state
o Internal jets (by rapidity) required to be gluons
@ Mediated by colour octet (gluon) t-channel exchange

\
Current,

Pa

P
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Resum via effective
Lipatov Vertices and
the Lipatov Ansatz.
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HEJ Matrix element

1
F (=1 St fh,

1 1
: (g52 K# t>. <gs2 Kz, )
1 tn—l

- o —g2Ca
H <tts V“(q,',CIiH)VH(Qi,QiH))
" iti4+1

i=1

. Hexp [ (qu) Yj+1 — )’J)}

Processes < currents, e.g. Sk —nHE = Ju(p1, Pa) V" (Gj, Gj+1)jv(Pb, Pn)

arxiv:1706.01002
James A. Black (IPPP) HEJ2 19th MCnet 6/26


https://arxiv.org/abs/1706.01002

HEJ Matrix element

2

1
m || St.fy—tut

1 1

2 2

. Ke — | - K

(gs f1 t1> <gs fn t, 1)

= n—2 _gch
i : —— V"(qi, qi+1)Viu(qi, qi
Ch—2 4 ' ’1;[1 ( titi (i, qi+1) Viu(q CI+1)>
o1 L 100000 Pr-1 h1
(ra—— 0
Po -Current Pn ) HeXP [W (qj0)(yj+1 *yj)}
— e

Processes < currents, e.g. Sq1Hs = Ju(P1, Pa) VE (4, Gj+1)iv(Pbs Pn)-

arxiv:1706.01002

James A. Black (IPPP) HEJ2 19th MCnet 6/26


https://arxiv.org/abs/1706.01002

HEJ Matrix element
C
2 1 2 1
: (gs Kﬁ tl) . (gs Kfn tn—l)

- o —g2Ca
11 <tts V”(Qi7€Ii+1)Vu(Qi,Qi+1)>
o1\ it
n—1
= 0
urrent JTexp [w (a5 )(yj+1 — y,-)}
——— i1

Processes < currents, e.g. Shp—nHs = Ju(P1, Pa) VL (), qj+1)jv(Pb, Pn).

arxiv:1706.01002

James A. Black (IPPP) HEJ2 19th MCnet 6/26


https://arxiv.org/abs/1706.01002

HEJ Matrix element

1
F(NE= 1) St fh,

1 ].
2 2
(gs fi t1> (gs fa fn—l)

— n—2 g2C
" Ss ~A s
: H <._ A (Qi7Qi+1)Vu(Qi7Qi+1)>

tit,
=1 iti+1

-Hexp[ ()01 = )]

Processes < currents, e.g. Sk h—nHE = Ju(p1, Pa) V" (Gj, Gj+1)jv(Pb, Pn)

arxiv:1706.01002
James A. Black (IPPP) HEJ2 19th MCnet 6/26


https://arxiv.org/abs/1706.01002

HEJ Matrix element

! S
P2 P T 1) ISennn
(s . .
.nnpz , (gf Ke n)’ <gs2 K - _1>
= n—2 2
i —8:Ca
H . 25 7 YH i) Qi V, Ier
G2ty Hl< ity V(90 Gi1) #(q,qﬂ))
& Pr-1
Ch-1 (D)
p —{[Cirtent J— o -Hexp[ (@) 0511 - )]

Processes « currents, e.g. SxpH, = Ju(P1, Pa) VY (), Gj+1)iv (b, Pn)-

e

arxiv:1706.01002
James A. Black (IPPP) HEJ2 19th MCnet 6/26


https://arxiv.org/abs/1706.01002

HEJ Matrix element

! S
P2 P T 1) ISennn
(s . .
.nnpz , (gf Ke n)’ <gs2 K - _1>
= n—2 2
i —8:Ca
H . 25 7 YH i) Qi V, Ier
G2ty Hl< ity V(90 Gi1) #(q,qﬂ))
& Pr-1
Ch-1 (D)
p —{[Cirtent J— o -Hexp[ (@) 0511 - )]

Processes « currents, e.g. SxpH, = Ju(P1, Pa) VY (), Gj+1)iv (b, Pn)-

ST

arxiv:1706.01002
James A. Black (IPPP) HEJ2 19th MCnet 6/26


https://arxiv.org/abs/1706.01002

Table of Contents

© Introduction to HEJ

@ Since the last update...
e HEJ2

© In the near future...

James A. Black (IPPP) HEJ2 19th MCnet 7/26



HEJ2:

A complete® rewrite

What’s new?
@ Matching changed entirely

o Start from Fixed Order input (Les Houches Format)
o Add resummation particles for resummation event.

e Code organisation improvements (classes, namespaces.. etc)
e HEJFOG
@ Usuable, referenced, consistent, updated documentation
e Doxygen
o Developer Manual
e Sensible code comments
@ Repository moved to Gitlab (Durham).
o Comprehensive Continuous Integration (feature coverage).

*some matrix element code is untouched
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HEJ2:

Public Release

@ HEJ2 Publically released!

o https://hej.web.cern.ch/HEJ/
e arxiv:1902.08430
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HEJ2:

Public Release

@ HEJ2 Publically released!

o https://hej.web.cern.ch/HEJ/
e arxiv:1902.08430

@ We also have a Docker Image!
o https://hub.docker.com/r/hejdock/hepenv
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Finite quark mass effects

Simplest case: gQ — gHQ

Higgs coupling factorises:
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Higgs p1.
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= finite quark masses = — 50% at 350 GeV
= no (visible) effect from finite my
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Subleading Processes

Unordered Contributions

Pino
P, Current Py .
s " A gluon outside of
FKL rapidity ordering
is known as an
Unordered emission.
P, I

In HEJ this is modelled as a modified current. Where we now allow that
Yuno ~ y1 and y1 >> y». (QMRK Limit)

uno _I.l!fno(Paa P1, puno)j,u(pba P2)
qQ—gqQ ™ ;
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Subleading Processes
Extremal qq

The Extremal qq
p,  case is an incoming
gluon splitting to qq.

Py

In HEJ use a a modified current (related by crossing symmetry to Uno
case) in the scattering.

M Ja(Pbs P2, P3)ju(Pas P1)
qg—qQQ "~ R

There are 5 possible diagrams which contribute.
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Subleading Processes

Central qq

I Py

7 In the case a Central qq pair
is produced, we use an
effective vertex which fits the
form:

Py

By Py

B (1|pla) X (4|v|b)
99—+9QQq ™ £ 13

M

There are 7 possible diagrams which contribute.
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Scaling of the Matrix Elements

Higgs+3j: ¢Q — qgHQ

Gluon Exchange Quark Exchange Higgs Outside
(FKL) (Unordered) (Unordered)
E : R

8 10 8 10
A=Ayp/2 A=Ayp/2
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Scaling of the Matrix Elements

Higgs+3j: ¢Q — qgHQ

Gluon Exchange Quark Exchange Higgs Outside
(FKL) (Unordered) (Unordered)
3 4 Mgt~

8 10 8 10
A=Ayp/2 A=Ayp/2

In Multi Regge Theory:

M] ~ (855)%
Swapping propagator (gluon — quark) suppresses ME by (§jijj)1/2.
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Reducing Dependence on Matching

By Matching

P, Py
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Reducing Dependence on Matching

P,

O&Qg@&@
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What Impact is Expected?

H+Jets FKL Only
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What Impact is Expected?

H+Jets Unordered Included
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What Impact is Expected?

Change due to Unordered in Higgs+Jets
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Pure Jets

FKL Only

James A. Black (IPPP)
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Pure Jets

All subleading processes

Lop = ol
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Pure Jets
Change due to Subleading Pieces
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Ongoing Projects

@ Improved Virtual Corrections
@ Same Sign W
e HEJPYTHIA
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Conclusions and Further Considerations

Finite mass effects added for Higgs—+Jets
Added resummation for all sub-leading processes

HEJ is now leading log accurate for all sub-leading processes

Next steps for Next-to-Leading Log:
e Virtual correction improvements

Code rewrite/cleanup complete

HEJ2 recently had a public release! + Docker image!

Many ongoing exciting projects.

https://hej.web.cern.ch/HEJ/
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