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SHERPA framework

ME generators for hard process

The

 Comix, Amegic

* + Interfaces to loop libraries
(OpenlLoops, Recola, MCFM)

e Parton Showers

e CSShower, Dire
* Underlying Event/MPI model

e Hadronisation

* Cluster Fragmentation, + interface to Pythia AN

. via YFS resummation 3



SHERPA 3 — multi-purpose event generatlon

* (Selected) Features: External Interfaces:
* Fixed Order * YFS resummation of photon * HepMC 3
» NLO QCD+EW, radiation « UFO 2 (including
» NNLO QCD (selected * radiation from final state form factors)
processes) leptons  RIVET 3/4
» Automated NLO (QCD) * Initial state radiation at  LHAPDF + several
matching in e "e colliders explicit pdf
S-MC@NLO | . extended by y — ff interfaces
¢ UNZLOPS matCh|ng to splittings InCIUdlng various
NNLO QCD . photon pdfs
=~ S * Polarised
+ multi-jet merging in CKKW-L | * OpenLoops/
. Abbroximate EW- Carv Recola/MCFM/
PProXit . . * Intermediate particles MadLoops/
corrections in matching & o BlackHat
merging (EWvirt/EWSud) ' :‘Y‘I:glj/mg;\?:"ciso?lnriodelling Pythia 8 (str
. - , . ia 8 (string
Photoproduction @ NLO including color reconnection fragmentation)

QCD + PS

bold - added/significantly updated in Sherpa 3 development, some back-ported to Sherpa 2



State of the art at the LHC



Some highlights from the LHC

e NLO and MC@NLO crucial for

current theory successes at LHC
traditional focus of SHERPA

e New: NLO EW calculations [Schonherr *17]

 Example: Full NLO calculation for

tri-bosons pp — ¢

« Combined with MC@NLO in EW
approximation
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Whats in the box



SHERPA framework

ME generators for hard process

The

 Comix, Amegic

* + Interfaces to loop libraries
(OpenlLoops, Recola, MCFM)

e Parton Showers

e CSShower, Dire
* Underlying Event/MPI model

e Hadronisation

* Cluster Fragmentation, + interface to Pythia AN

. via YFS resummation 8



Matching

e Event simulation factorised into

e Hard Process

e Parton Shower

Standard for LHC SM pheno:

« matching to NLO QCD, 2 main
schemes: Powheg [Nason ‘04] and
MC@NLO [Frixione, Webber ‘02]

e concepts in general not collider
dependent, but some recent DIS
specific studies [Banfi, Ravasio, Jager,

Karlberg, Reichenbach 23], [Knobbe, DR,
Schumann ‘23]
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MC@NLO matching
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* [Frixione, Webber ‘02] . T —— -

* splitting kernels serve as subtraction terms i -

* multiply weight (at LO) with Born-local K-factor including _ :

iIntegrated subtraction terms and virtual corrections 10 e ———t { =

* add hard remainder function, i.e. real emission and § AR e S * E

subtraction term A = R
 Recent Example [Knobbe, DR, Schumann 23] : . .
- e i 9G
* case study, event shapes used for tuningandas : - - mmanie’
predictions of upcoming H1 measurements o T ;

* also comparison to fixed order and resummed

N
|
|

calculation 5 =
* including merging at LO and NLO



https://inspirehep.net/literature/585687
https://inspirehep.net/literature/2673388

Approximate

<

Matrix Element Merging

[Carli, Gehrmann, H6che ’09]
=xact ) Technology fully applicable

iIn DIS, with some care In
clustering and resolution
_ parameters:
B i )2 SQ 1—1/2
i m
— | m | -+ L,
+ MEPS@NLO W W N
Schénherr, Siegert ‘13] tO 2 i e -
InCIUde NLO 0.4
1 10 10° 1 10 10° 1 10 10? 11

accurate MEs £2 /Q3


https://inspirehep.net/literature/840637
https://inspirehep.net/literature/1123387
https://inspirehep.net/literature/1123387

Photoproduction

e low Q2 region will be important, » Effective Photon Approximation

real photon production at Q2 — (0 (EPA), based on Weizsacker-
Williams formula

Qem d | 2 Qmax 2,2 1 Y
"= 2m _(1 i (1 - x) ) log <Q?n1n) - Qmex QIQnin Q?nax -

* focus on photo production of jets

p1 EPA P} ISR
> — >
> ) o
\fh ql/ [Hoche, Krauss,
Meinzinger ‘23]
ME
5125 Y12 — S/127 :‘//12 — 3/1/27 y/1/2 § 7
\N
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<
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New Parton Showers - NLL accuracy

typical claim based on accuracy of splitting functions etc.

o parton showers ~ NLL accurate if CMW scheme for strong coupling is used

observation in [Dasgupta, Dreyer, Hamilton, Monni, Salam ’18]  (PanScales collaboration):

o subtleties arise in distribution of recoll for subsequent emissions = phase
space where accuracy is spoiled if soft gluon absorbs recoill

* + In colour assignment

» also: set of tests for shower accuracy [Dasgupta, Dreyer, Hamilton, Monni, Salam "20]

» Several solutions/re-evaluations of parton shower concepts:

[Dasgupta,Dreyer,Hamilton,Monni,Salam,Soyez 20|, [vanBeekveld,Ferrario Ravasio,Hamilton,Salam,Soto-
Ontoso,Soyez '22]

Forshaw,Holguin,Platzer "20]
Nagy, Soper '11]
Herren, Krauss, DR, Schonherr, Hoche '22]
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Alaric at the LHC

e Alaric [Herren et. al. '22] for LHC applications [Hsche, Krauss, DR 24]

o analytical proof of NLL correctness + numerical validation for ete” — 1]

* LO merging available

 New view of treatment of coherence and split between soft/collinear
CO rreCt i O n CMS, A¢p(Z,]1), boosted regime, /s = 7 TeV

ble- - ‘ | ‘ I B E— ‘ I B E— ‘ =
] — —
—|b — ®

= preparing new view on spin correlations T e 6t _
A R

—— K=Y p, t .

« Missing pieces for full release: KoEni,

_I_KZPZ

 S— —

« MC@NLO (subtraction terms known,
need to validate and fix bugs...)

e DIS implementation
(i.e. treatment of IF/F| type dipoles)

MC /Data
00 00 O mEpmA

JIOVJI0\O R R N Wi




Looking back to HERA
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Looking back to HERA

o Still (or again) active analyses of HERA data

* A lot of lessons learned since data taking
e Experimental/Pheno side:
 new observables, jet substructure techniques etc.
 Theory side:
* general NLO matching/merging available now, challenge new tools

 interest in tuning, prepare for EIC + clean environment for beam
fragmentation (without massive UE/MPI contamination)
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Tuning to HERA data

§F b omom
"y n E :__’=|=.= o - ?S;:IS?SGeV
* “Traditional” approach: e = E
: e
 Tune FS against LEP (mostly Z-pole) 07 s
data, then UE model with Tevatron/ : ;
LHC data 107 | =
» “Clean” environment in DIS: == OGS S SR
= o — i
* No UE/MPI contamination e e
» but additional complication because 2
final state is color connected to Sl T
beam remnants [Knobbe, DR, Schumann ‘23] L[]
 Opportunity to fix this ambiguity | A e
“Inbetween” | e e
» Next to valuable data on NP effects g . :
In general g boo I :
] 20 P A .
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https://inspirehep.net/literature/2673388

Predictions for new H1 analyses
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Q? € [150,20000] GeV?, y € [0.2,0.7]
—— SH-MEPS@NLO
=== (N)NLO+NLL'+NP

® H1data
—— Djangoh —— Sherpa2+AHADIC++
Rapgap - - - Sherpa2+Lund
NNLO®NLL®Had. Sherpa3

 groomed 1-jettiness, measurements from [H1 arXiv:2403.10134]

e comparison agains several MC generators, H1 standard DJANGOH &

RAPGAP and current LHC defaults including Sherpa

* |Including (N)NLO+NLL resumed predictions with automated implementation
in Sherpa




Photoproduction

p1 EPA P ISR

> & () \?,1, Qi’/
New in Sherpa 3: Photoproduction ME

processes including MC@NLO e St =Sy (5 X
matching [Hoche, Krauss, Meinzinger 23] < EPA /;0,2,
bz P

photon spectrum in effective photon .
approximation : iMN + -
photon either directly takes part in - ii+ L %
hard process or is : e e o E
“resolved” into : + .,
quarks/hadrons B e i e
photon pdf (i.e. partons G 7
in the photon) limit precision ; +“+—¥i %

I S S S DR IV NI DU I

0-3 04 05 06 07 08
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Hard Diffraction

 New Implementation based on
Pomeron pdf approach [Meinzinger, Krauss "24]

LJP,max tmin 1
oPPIS) (ep 5 eXY) = / dJZ]P/ dt/ dz; P (xs, pr, zp,t) 6 (i — eXY)
t 0

0 cut
» Matrix element calculate at NLO e _
and matched in MC@NLO 0,
approach 3o | - | E

02 [~ % Hi1, EPJC51 (2007) 549

* Also: diffractive photoproduction, T | E
COnneCted to COnceptuaI queStiOnS 0 B
about factorisation o + S

O||||||||_
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Summary & Outlook
Preparing for the EIC
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Hard Diffraction and Photoproduction
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e Hard diffraction from [Meinzinger, Krauss '24]  » As well as photo
with EIC kinematics production, see [Meinzinger, Krauss "24]



o Study with EIC kinematics
[Meinzinger, DR, Silvetti WIP]

* Including CC with MC@NLO and
MEPS@NLO

* Uncertainty budget with NP

uncertainties from replicas
[Knobbe, DR, Schumann ‘23]

do/dQ? [fb/GeV?]

Ratio

EIC kinematics

(NLO) Merged CC/NC predictions for the EIC
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e

—t— MEPS@NLO
—t— MEPS@LO+3;j
—t— MC@NLO
LO
SHERPA 3 Preliminary
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https://inspirehep.net/literature/2673388

Summary

* Sherpa 3 multi purpose event generator

Traditional focus on perturbative precision calculations

applicable at high energy scales (e.qg. Q2) matched to
parton showers

merging of matrix elements with many jets

. crucial for extrapolation to small 07

Photoproduction for Q2 — 0, related ideas for hard diffractive process

Re-evaluating DIS simulation with HERA data and making first
predictions for the EIC

AN

SHERPA
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