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Jet Flavour Labels & JSS
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e Continued discussion from LH 23

* Train taggers with labels from
safe algorithms

See Alexander’s talk

 Requirements of EXP and TH for

determining ¢ — bb backgrounds

» several project ideas collected

Background Rejection (1/False Positive Rate)

c-jet efficiency (True Positive Rate)

First results from training,
thanks Radek!

* From MC perspective: need control over mass effects

inPSand g — bb/cc especially

» Study stability of taggers under model variations

o Several ideas for JSS studies (JSS in ee, Variable
Radius Jets, Subjet flavor studies) in various early

stages

JSS with B
tagged jets,
from discussion
with Mario

Campanelli on
Monday

In(k_/GeV)
N
o

T

CMS Simulation Preliminary PYTHIA8 CP5 (pp 5.02 TeV)

Unclustered b hadron decay daughters 3
Particle level anti-k;, R=0.4 b jets
100 < p’f‘ <120 GeV, If®| < 23
Soft drop (charged particles) I
2.,,=-01B=0"S

Illllllllllllllllllll

o 05 1 15 2 25 3 35 4
In(R/R,)

3 CMS Simulation Preliminary PYTHIA8 CP5 (pp 5.02 TeV)
llllIlllllllllIllllllllllllll_

Clustered b hadron decay daughters _E
Particle level anti-k;, R=0.4 b jets J
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https://docs.google.com/document/d/18M-v7qelS7gaIxl1hD45KwRmwOwx_mKglsqeWc2cZRs/edit?tab=t.0#heading=h.s7umsrv3xyq8
https://mattermost.web.cern.ch/lh2025-sm/channels/hadronisation-for-events-shapes-at-ee-colliders
https://mattermost.web.cern.ch/lh2025-sm/channels/variableradiusjets
https://mattermost.web.cern.ch/lh2025-sm/channels/variableradiusjets
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. . ATLAS update from Bets
 Example: Herwig AO with cluster g /

Inclusive jet multiplicity

vS. lund hadronisation, Herwig vs. zv—— = g TR
Pythia showers i3 = ERE R _ ‘LEEE%% :

* LH Update: Additional datapoints .+ mwwwememmani = & 6" grepashowers |
frOm Sherpa CS (Current defaUIt) 101+ VmaiaDefaultITune[LI\I/IODE=M|UI | — W nanans e _
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and Alaric with strln.g £ — et d e . _
hadronisation, Pythia default DL S B IR L =SV NERPRRIRARRLS
Niet AR(Z, 1stjet)

shower vs. Vincia Preliminary runs from last week (thanks Baris!) 3



PS Uncertainties in Higgs+Jets

NNLOJET pp-H +jets(VFH) Vs =13 TeV
. . . . N m; = 350 GeV LO R=0.4 pp — H + 2j (VBF only) VS =13.6TeV
* Recurring topic in Les Houches I SRR ) H
g 1‘—1*-] NLOPS R=0.4 —
T 107 PDFALHCIS, anti-ky ~  Lowemmee]
.é: 7-point scale variation x 1074
S = g = 1/2 x Hforton
* |Last year started efforts for VBF S | e por s
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| | | | | T
1.08 &

1.06-

matching+shower uncertainties, and ggf
study including NNLO and NLO merging
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* Next step: Systematics with new showers — «-f i —m mw o
(Alaric, Apollo, PanScales, ... others?) %M:L—h.__ i e, e — e
; g:f},mgi ﬁr'ﬁgj T ‘ =:: : —— Pwg+Hw?7 (AO) —— Mg5+Hw7 (AO) Pwg+Py8 (dip, pThard2)
+ not all pieces together yetinany ofthe - =
| o P - 0:96— i
frameworks, but can start for example o os8iy——hy—sh—ab—— it

Ratio to NLOPS R

Higgs+jet merged/ME corrected study e | See Silvia’s opening talk

. " . i :‘HTLW,, )
e opportunity to think about regions ————
where different parts of the simulation e

are important T e tee
arXiv:2105.11399 4



Negative weight suppression

Les Houches updates:
e Rivet analysis written to study negative weights in even samples

MC WEIGHTS » LH WEIGHTS

Example:
e HERWIG NLO correlated event sample for WJJ used for testing (J. Whitehead)
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-+ Herwig
-+ cres10fixed
1 l —5
d\w|/dw on the other hand illustrates the \ .
problem better. 10* N
MC_WEIGHTS modified to have several such
histograms with varying x-axis.

Variance reduction when using cres clear.

~10.0 -75 ~5.0 7.5 10.0



Negative weight suppression

Les Houches updates:

* Rivet analysis written to study negative weights in even samples
MC_WEIGHTS » LH_WEIGHTS

90 F | | | | | =

Example. de - Iilgfx::;g :

*HERWIG NLO correlated event sample for - T _
WJJ used for testing (J. Whitehead) :

* CRES: Distributions statistically equivalent T T T T

PN AR | DR AR B A B | R

* Statistical tests, e.g. two-sample Kolmogorov- £ } d Lt L E

Smirnov pT Jf E




Negative weight suppression
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* Rivet analysis written to study negative weights in even samples
MC_WEIGHTS » LH_WEIGHTS
Plan to apply it on ATLAS MC sample to create new “whish list”
{Aside | Negative event weights @)

» Any development here would be much appreciated...

» We cannot afford to run full Sample
simulation on samples with

negative weight fraction >25% Dhempe (eptontets) S e
| | Sherpa {lepton+jess) 34346 .4
Starting to become a deal-breakei Sherpa (dlepion] 384347 0.4
Sharpa td (eplon+ets, CESKIN, 4FS) 410329 24.4
Shoerpa o (eplon+ets, CVMVPS, 4FS) 410035 0.7
» Also has knock-on effects SMCENLO+PYB flepton +jets) 41044 71
ror e.g. huge W/Z sample r high AMC@NLO+Py8 (diapion) 410442 2.7
precision analyses we cannot cul r»—r.tl_-,f aMC@NLO+Py8 (FxFx, 7D GeV) 410452 2.4
use MC@NLO-like matching schemes,  MC@NLOH {53, 100) i e
- Powhog+Harag! (leplon+els) 410857 04
Powheg+Herwig? (dlepton) 410558 04

Reduction of n"egative weights in Matching PS + LS
*ESME, Powheg, KrkNLO,



Non-perturbative physics modeling in Monte Carlo event generators
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» [dea: scrutinise hadronisation models using analytic insights and not data

» Starting point: extend 2404.09856 (Hoang, Jin, Platzer, Samitz) to comprlse several
parton shower, hadronisatiogn models, and observables

Thrust
|C-parameter |
IEnergy-energy correlators |

Angular-ordered (I—Ierw1g7 NLL)
|Catani-Seymour dipole (Herwig?7, Sherpa3, LL)
| PanLocal dipole (PanScales, NLL)

M. Van Beekveld, S.

Ferrario Ravasio, A.

 PanGlobal PanScales. NI , e Cl-ﬁmng, K. Lee, 1. Moult,
| anGlobal antenna (PanScales, ) ' S. Pliitzer, D. Reichelt, 1.
Alarlc dlpole (Sherpa NLL) - I

RO[qﬁ': A. Siodmok, P,
Sarmabh, G. Vita,

your names??


https://arxiv.org/abs/2404.09856

Cutoff dependence

» Warmup: cutoff dependence on the distributions.
The renormalisation scales of parton showers is the p, of the emission: hence, all

showers have a p, . cut to terminate the perturbative evolution.

» For 1- Thrust and C-Parameter:

2PS(V;pJ_,minﬂ \/E) o ZPS(V;pj_,min’ \/E)

dE 1 J'pJ_,min d 2CF ( ) A
— 0
Av \/E s\H v,soft

s /A
pj_,min



Cutoff dependence for the C-parameter: Sherpa
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T, min

/

1 do(C; P, min)

dC

do(C; p1, min)/dC

2(C; pr,min) — 2(C; p

- analytic, LP, 2jet +soft

p -« analytic, LP, 3jet +soft (large Bo)
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Solid line:
PLB 339
(1994)
148-150

Dash-dotted:
JHEP12(2022)062



Cutoff dependence for the C-parameter: PanScales
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PT min = 1.5 GeV

- analytic, LP, 2jet +soft
— - analytic, LP, 3jet +soft (large By)
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Cutoff dependence

» Warmup: cutoff dependence on the distributions.
The renormalisation scales of parton showers is the p, of the emission: hence, all

showers have a p, . cut to terminate the perturbative evolution.

» For EEC:
dG(Za P1, min’ \/E) dG(Z, pj_, min’ \/E) 1 #L,min 2CF
_ — d//t as(/’t)AT,soft
dZ dZ 2\/3(2(1 o Z))3/2 pj_,min &
do




Cutoff dependence for the EEC
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Alaric @ 200 GeV CSS dipole @ 200 GeV PanLocal dipole @ 200 GeV

101 E —— P7,min=0.5 GeV P1,min = 1.5 GeV 1L P1, min = 0.5 GeV P1,min = 1.5 GeV ul [ P71 min = 0.5 GeV PT min = 1.5 GeV [T
= ] 4— pr,min = 1.0 GeV 1 4—— Pr.min=1.0GeV § —— P7.min=1.0 GeV
= - _ :
I
23
N 109 -
\b/ HHH\ ‘ ‘
e - \
— |D ] -
IWCE
— 0.50- analytic, LP, 2jet +soft || —— analytic, LP, 2jet +soft —— analytic, LP, 2jet +soft
é =
g th
5| 0.25- |
© -
I
~ 0.00 —_—— | L
é-% _’___\_,_r\__l"-\_-—'-'j_,—-o-—\_l'|_,——\.l'\__h~\_\_,-...J' T 5 -“—FF  —“]T]""™
_ e B I T g W gy
sl —0.25 ) L e L
S
-~ =050
N
I
o]
—
N —0.75 1
N
—1.00 +—

60 02 04 06 08 10 g9 o092 04 06 08 1.0 00 02 04 06 08 1.0



Hadronisation Corrections

» Evaluate EECs and Lund Plane in clean eTe™ — jets environment

2000 -
1750 A
1500 -
1250 A

1 1000 -

750 -
500 -

250 A
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Cusp regime Pythia
tuneO_blund1l.0-hadron-level

py_astuneO_alund0.5-hadron-level === py .
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

py_astune0_sigma0.2-hadron-level
py_astune0_sigma0.6-hadron-level
astune0_sigma0.8-hadron-level
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N
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ratio w.r.t. py_astuneO-hadron-level
=
o

o
(@)
1

~14

Ratio py astuneO sigma0.2-hadron-level/pythia default

Lund Plane and EEC, thanks
Melissa for the plots!
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Next Steps and Ideas...

transfer matrlx ungroomed jet width

Cusp regime PanScales NNLL

Study cutoff dependence of O

corresponding hadronisation P

models and consistency

o -
Study Transfer Matrices and their  —m—— : — S
T({AL P} {ALPLY), same pr jet bin
dependence arXiv:2112.09545 [T T T T
do s(m) (= 7 (n) (= — ’ f EEC,
Lo f d73 5 (Up -V UD)) 0 (Uh -V (H (7)))> | Alaric + cluster model / string
G |vp) = - w/ 10 replica tunes each
[ dP 4550 (@, — V (P))

e Hadronisation differences between
models / tunes in EECs and Lund
plane / effect of higher log showers

105 [His -

Ratio
b=

095 I B s e TR L
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https://arxiv.org/abs/2112.09545

