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e Presentongoing search for gluon-induced QCD instantons in ATLAS
o Based on work done by V. V. Khoze et al. (see previous talk)
o Very ATLAS oriented

o Aworkin progress! No data will be shown.

e Butitisdifficult! Are there other avenues?

o Diffractive production?
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https://indico.cern.ch/event/1383721/timetable/?view=standard#39-instanton-production-at-the

LHC Phenomenology of QCD Instantons

Following 't Hooft, do perturbation theory in the instanton background
[Khoze et al. 1] + [Khoze et al. 2, Khoze et al. 3, Amoroso et al.]
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Event signature

Get cross-section via optical theorem
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https://arxiv.org/abs/1911.09726
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.014017
https://doi.org/10.1103/PhysRevD.104.054013
https://doi.org/10.1140/epjc/s10052-021-09412-1

Predictions for the LHC

V5 [GeV] &(gg — X) [pbl  (1/p) [GeV] as(1/p)  {(Neluons)

20 2.01 x 10° 1.69 0.327 7.81
25 9.49 x 10° 1.98 0.306 8.58
30 4.64 x 10° 2.29 0.290 9.07
35 2.32x10° 2.50 0.279 9.61
40 1.25x 107 2.84 0.267 9.67
50 3.89 x 104 3.38 0.251 10.56
60 1.38 x 104 3.87 0.241 10.89
70 5.45x 103 4.33 0.232 11.38
80 2.36 x 103 4.85 0.224 11.67
90 1.08 x 103 5.24 0.219 12.31
100 5.44 x 102 5.82 0.213 12.10
110 2.79 x 102 6.21 0.209 12.62
120 1.53 x 10? 6.71 0.205 12.77
130 8.56 x 10! 713 0.201 13.04
140 4.99 x 10! 7.57 0.198 13.25
150 3.01 x 10! 8.00 0.195 13.45

Table. Partonic cross-section as a function of partonic

centre-of-mass energy, /s, taken from 2104.01861.
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https://arxiv.org/abs/2104.01861

Theory Inputs to an Experimental Search

e N\ )
V5[GeV] &(gg — X) [pbl|| (1/p) [GeV] | as(1/p) | (Netuons)
¥ ; 20 2.01 x 10° 1.69 0.327 181 ¥ ber of ol
ass spectrum 25 9.49 x 10° 1.98 0.306 8.58 €an number ot gluons
30 4.64 % 10° 227 0.290 9.07 to add to each event
35 2.32x10° 2.50 0.279 9.61
40 1.25x 107 2.84 0.267 9.67
50 3.89 x 10% 3.38 0.251 10.56
60 1.38 x 10* 3.87 0.241 10.89
70 5.45x 103 4.33 0.232 11.38
80 2.36 x 103 4.85 0.224 11.67
90 1.08 x 103 5,24 0.219 12.31
100 5.44 x 102 5.82 0.213 12.10
110 2.79 x 102 6.21 0.209 12.62
120 1.53 x 102 6.71 0.205 12.77
130 8.56 x 10! 743 0.201 13.04
140 4.99 x 10! 7.57 0.198 13.25
150 3.01 x 10! 8.00 0.195 13.45
\_ 4 —ll

Table. Partonic cross-section as a function of partonic

centre-of-mass energy, /s, taken from 2104.01861.
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https://arxiv.org/abs/2104.01861

MC Instanton Signal Modelling

e SHERPA 3 for event generation
e RAMBO for phase-space generation
e Final state assembled algorithmically

e Flavour production scheme:

o Addup to 5 flavours

o 20 GeV c-production threshold

o 100 GeV b-production threshold nY
e NNPDF3.0 NNLO with p_=1/p scale choice . 0

Figure from Sherpa 1.1 Manual ('t Hooft vertex embedded)
See back-up for a glimpse of Sherpa 3’s UE tuning effort
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https://arxiv.org/abs/0811.4622

Simulated Mass Spectrum

Interpolate the cross-section data table, generate events with Sherpa in 6 slices

Instanton Mass, m,
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Soft QCD Background Models

Background: Soft QCD, ¢ ~ 111 mb

Nominal model: EPOS LHC
Parton-based Gribov Regge theory with
collective hadronisation [1306.0121]

Alternative model: Pythia 8
2 > 2 scatters with MPI based on the
Sjostrand-van Zijl model [PRD],

Lund-string fragmentation
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https://arxiv.org/abs/1306.0121
https://doi.org/10.1103/PhysRevD.36.2019
https://arxiv.org/abs/2104.01861

Start With a Past Analysis

Charged-particle distributions in Vs = 13 TeV pp interactions
measured with the ATLAS detector at the LHC

The ATLAS Collaboration

Featuring
e Low pileup ATLAS data
o Pile-up values{u)~ 0.035
o 1.693 nbl~0(10% instantons
e Minimum Bias triggers
e Charged-particle tracking

e Minimum Bias background models
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https://arxiv.org/abs/1602.01633

A Very Simple Analysis
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https://arxiv.org/abs/1602.01633

Discriminating Variables

— Event kinematics

Variable

Track multiplicity

Scalar sum of pr

Leading track-pt
Number of high-pr tracks
Number of low-pr tracks
Mean pt

Median pt

Transverse mass

Transverse mass per track

Mean n

Standard deviation of ¢

Standard deviation of n

Standard deviation of A¢(i, j) of all track pairs
Standard deviation of Az(i, j) of all track pairs
Mean of |An(i, j)| of all track pairs
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Variables roughly

proportional to event mass

Variables inspired by
two-particle azimuthal
correlation studies in Heavy

lon data [eg 2101.10771]
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https://arxiv.org/abs/2101.10771

Discriminating Variables

— Event kinematics
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Discriminating Variables

— Event Shapes

Thrust: Sphericity:
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Discriminating Variables

— Flatenicity

e ‘Flatenicity’ characterises the uniformity of energy deposits in the detector [2204.13733]
e Sensitive to the number of MPl interactions
e n— ¢ plane partitioned into a uniform 10 x 10 grid of cells

e Total track pT in each cell calculated...then flatenicity given by

o
p%ell

0

cell

) (PT

PYTHIA 8.303 (Monash 2013), pp Vs = 13 TeV, N, ,=22, N;=305, p=0.57

Picture of a uniform ‘MPI’ event taken from [2204.13733]
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https://arxiv.org/abs/2204.13733
https://arxiv.org/abs/2204.13733

Correlation Matrices

Flatenicity (10, 10)
Track <| An(i, j) |>

Flatenicity (10, 10)
Track <| An(i, j) [>

i o o o
Track o(Ad(, j) : Track o(A(i, j)) :
Tk o) o Tk o) e
Track <n> g Track <n> g
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Sphericity C, 3d 8 Sphericity C, 3d 8
Sphericity A, 3d Sphericity A, 3d
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e, i a R ey )
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EPOS LHC Pythia 8

These matrices factorise into two blocks: Event Shapes and non Event-Shapes

For background estimation, find two independent variables for the ‘ABCD’ method?
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Machine Learning Approach: ABCDisCo

Set up two statistically independent classifiers for ABCD-style background estimation
[Kasieczka, Nachman, Schwartz and Shih (2007.14400)]

O< h <128, i=1,2,3

Q—

f—

LIf(X), 9(X)] =|Lalf(X),y] + Lalg(X

), Y]

Classification terms

Modified loss function

+ «

Edcorrgzo f(X), 9(X)]

Decorrelation term,
strength a

> Region definitions and background estimation

NPTA Ynyr Harris — 30 May 2024

16


https://arxiv.org/abs/2007.14400

Deep Neural Network (DNN) Input Variables

Mass variables

Event Shape

variables

Angular

variables

NPTA Ynyr Harris — 30 May 2024

Number of tracks

Number of tracks above 1 GeV
Number of tracks below 1 GeV
Scalar sum of track pr
Transverse mass per track
Mean track pr

Median track pt

Leading track pt

3d Thrust

3d Thrust major
3d Oblateness
3d Sphericity
3d Aplanarity
2d Thrust

2d Sphericity

Mean pseudorapidity
Standard deviation of ¢
Standard deviation of

Standard deviation of A¢(i, j) of all track pairs
Mean of |An(i, j)| of all track pairs

Flatenicity on a 10 x 10 grid

Nk
Nuk(pr > 1 GeV)
Nuk(pr < 1GeV)

St

mr [ Nux

(1)

med pr
max prt

T,3d
Tmujora 3d
Tmuj()r - Tminor» 3d
S,3d
A, 3d
T,2d
S,2d

(m
a(¢)
o(n)

a(Ag(, j))
(lAnG, /)
F(10, 10)

Table. List of our ABCDisCo network input variables.
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“Mass” Binning

B 80

—
e
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40 108 efficiency x purity
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103L°W | 10—-7
E éINetwcr
R e T 10°
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Truth Instanton Mass [GeV]
| |

Truth mass bins: (20, 40), (100, 150), (60, 80) GeV

e Principled choice: do the analysis in reconstructed mass bins
o Decouple somewhat from cross-section modelling
o Enhance sensitivity with a shape fit

o Also, it aids the DNN training
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Classifier Output Planes (Or ‘ABCD’ Planes)

Background
(EPOS)

Classifier B output

p= T o e ey

Ly Vel

n r =
:I'-'IlF-_-IIlr .
PTr W [

)
.ﬂ.
[
118

L
IJ Bl
nld/

F.-h-ﬂ-l'l

L

NPTA Ynyr Harris — 30 May 2024

0 0102 03 04 05 06 0.7 08 0.9

IN-.L

Classifier A output

—_
o
n

= 10

Kouanbai4

Classifier B output

2
0.9 10
0.8 10
0.7
0.6
1
0.5
0.4 10
0.3
0.2 10—2
0.1
0 10—3
0 0102 03040506 07 0809 1
Classifier A output

Kousnbai4

19



Classifier Output Distributions: Low Mass

- Background
o
Signal —>
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Classifier Output Distributions: Medium Mass

- Background
L]
Signal —>
g \ L I B g 103 LI I B
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Classifier Output Distributions: High Mass

- Background

Signal —>

o L B B B o L L B L L B L L R BN BRI
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107 £l _
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> Pretty good! But how good?
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True Positive Rate
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A Particularly Interesting Variable: {|An(i, j)|

Classifier B decision plot, Med Selection (100 background events)
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https://arxiv.org/abs/hep-ph/9906441
https://arxiv.org/abs/1612.00850
https://github.com/shap/shap

‘Instanton Band’ Idea

2
3m|
2
s 7t ;
— 4
7= —In (tan )
/L8
0 e T o Figure from 1612.00850
- 20 30

e Isotropy in polar angles > band in pseudorapidity (or zin the figure)
e Longitudinal boost of the centre of mass > displacement along z
e More activity concentrated in the band in signal events!

e The DNNs seek out the ‘instanton band’ using the |An(i, j)|» variable!
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https://arxiv.org/abs/1612.00850

Background Model Reweighting / “Tracking Corrections”
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20 40 60 80 100 120 140
nch
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https://arxiv.org/abs/1602.01633

The Principle of Our Background Estimation

ABCD planes
. 1
KO
7 CRC SRA
©
v Y
0.5 I I
CRD CRB
0 -
0 0.5 1
Classifier A
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The ABCD equation:

Npcp =

X3 mass categories

NBXNC

Np
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Statistical Analysis: One-Bin Counting Experiment

m
.
2
E=
@
17}
o
o

CRC

e Three mass categories, and ABCD regions in each

0.5

SRA

Standard ATLAS treatment based on a profile likelihood ratio . -

CRB

o One-bin cut-and-count analysis in each mass category

o Simple extension: statistical combination

L(p, @) = Psr X Pcr X Csysl
N M
- ]_[ Poiss(; | A; (i, 8)) X ]_[ Poiss(m; | A; (i, 8)) X Cyst(6°, 6)
=1 =1

J
| ] | ]|

J

N SRs M CRs NPs

0.5

1
Classifier A

Representing fit parameters and

systematic uncertainties
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ATLAS Results

< |nsert ATLAS results here >

(Spoiler: expected sensitivity is currently not fantastic)
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The Main Problem: Irreducible ‘Minimum Bias’ Background

Minimum Bias background Instanton signal

o~ 111 mb Vs o~ 26pb S/B~0(107)
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https://arxiv.org/abs/2012.09120

Other Production Modes? Central Exclusive Production...?

A —A A _—X A _—x | A— __—A |\
i = x X
EL: AB — AB SD: AB — XB DD: AB — XY CD: AB — AXB ND: AB — X
Figure from K. Cerny et al.
e InCEP (CD), interactions are instigated by
A— A
colour-singlet Pomerons, T/
pp — p+ P+ IP+p (é X
e Hence less strong emission of particles B B
across the Rapidity Gap, and less MPI CD: AB —- AXB

background
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https://arxiv.org/abs/2010.00237

Instantons in Diffractive Production

V. V. Khoze et al. again [PRD 104, 054013 (2021), PRD 105, 036008 (2022)]

Dominant

e Same calculational technique as for the gg > X cross-section

e Cross-sections of up to 10° pb for [very] low masses [with no Q, cut]
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https://arxiv.org/abs/2104.01861
https://arxiv.org/abs/2111.02159

CEP is a Possible Search Avenue For ATLAS

ATLAS
CEP: .
AIiIIZA AFP peam line Jet beam line AFF  ALFA
P
e — P @ -
| jet
< large distance — large distance

Figure from M. Trzebinski, CERN Detector Seminar (2017)

e ALFA: Absolute Luminosity For Atlas [JINST 11 P11013]
e AFP: Atlas Forward Proton [ATLAS-TDR-024]
o Study performed by Marek Tasevsky [EPJC 83, 35 (2023)]
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https://twiki.cern.ch/twiki/pub/Atlas/AFP_Figures/Trzebinski_AFP_CERN_seminar.pdf
https://dx.doi.org/10.1088/1748-0221/11/11/P11013
https://cds.cern.ch/record/2017378/
https://arxiv.org/abs/2208.14089

QCD Instanton Searches With Forward Proton Tags

Tasevsky et al. looked at ATLAS sensitivity to M > 60 GeV instantons in AFP-tagged events

B 20_! lIlllVllllll\lllll|\f|\|1fl!llll\'!lll'\lll I!Il— 5 10: \\\\\\\\ I llllllllllllllllllll ! llllllllllllll :
% 18} Detector level, \'s=14 TeV,M_ >60 GeV E 2 8= « Instanton 3
:_ fwealo calo ] E_ ¢ ND dijets é

16}~ Ntr05> 25, Ntr20=0,ZET <5 GeV, §"<0.025 8F « SDdiets ]
141~ = 7E =1,L = 4 =

E <H>PU=0, L > 0.1 fb -1 E E <H>PU 1, L 0.1 fb E

12 = 6 =
10 = 8E =

C = E —_— ]

8 - 4—:— ——]
oF c 3 R 3
4 - 2§— — —i
2 . S = 1E =
R‘»--Imx-luululluu',”‘!i al gl ozuuluuiu S=SSSE L R e T

% 01 02 03 04 05 06 07 08 0.9 81 0 01 02 03 04 05 06 07 08 0.9 81

T il

Transverse sphericity —

A very comprehensive study, considering single and double-AFP tags « four luminosity
scenarios « multi-parton interactions « pile-up and combinatorial background protons «

plus efficiency reductions from detector effects.
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https://arxiv.org/abs/2208.14089

A Note on Theory Systematics

e Factorisation scale uncertainty
o Factor of 2*! variations

o Comparison with alternative choice, VS /N
gluons

r

e Renormalisation scale uncertainty (u?)2 exp [—4m/ag(p?)]
]

o Implement custom p, reweighting in MC (u0)2bo exp [—4m/as(u?)

e Uncertainty on order of a,

o Somewhat captured by a, variations and different PDF sets

In principle, there is an O(100) uncertainty on the instanton cross-section [2101.02719]

(but this is why we should measure it!)
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https://arxiv.org/abs/2101.02719

Conclusion

e ATLAS search for QCD instantons is underway

o Butstruggles with background modelling and rejection

e (Canweimprove our strategy?

o Use forward proton tags

P Arethere QCD instantons...?

NPTA Ynyr Harris — 30 May 2024

MC / Data

True Positive Rate
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BACKUP
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Much of My PhD Experience

THIS 1S YOUR MACHINE LEARNING SYSTEM?

YOP! YOU POUR THE DATA INTO THIS BIG
PILE OF LINEAR ALGEBRA, THEN COLLECT
THE ANSWERS ON THE OTHER SIDE.

WHAT IF THE ANSLIERS ARE LIRONG? )

JUST STIR THE PILE UNTIL
THEY START LOOKING RIGHT.
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The ATLAS Experiment (A Toroidal LHC Apparatus)

Radius [m]
4.23 Precision trackers (MDTs, CSCs)
Fast trackers (RPCs, TGCs)
AL \\ HCAL Barrel Hadronic Calorimeter (HCal)
Steel and scintillator tiles
Electromagnetic Calorimeter (EMCal)
298 Lead-LAr, accordion geometry
220 ] End-Cap Hadronic Calorimeter
EMCAL Copper-LAr
- Forward Calorimeter (FCal)
= S
1.15 Q = Copper/Tungsten-LAr
~
Inner Detector
INNER DETECTOR Silicon pixels (Pixel detector)
|
| = FCAL Silicon microstrips (SCT)
0 Straws (TRT)

Minimum Bias Trigger Scintillators (MBTS)

Hodoscopes at z=+ 3.6 m for triggering

[Detector paper (2008), Higgs boson discovery (2012), 1000 publications (2021)]
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https://dx.doi.org/10.1088/1748-0221/3/08/S08003
https://arxiv.org/abs/1207.7214
https://atlas.cern/updates/news/1000-collision-papers

Previous ATLAS Soft QCD Measurements

s 61— T 71 L B
8 b Transmin region ATLAS ] == T
o 3.5 —— = 14 phee 5 < S B o) I I T
I [ .Dat S # [ (B RIRSEeN s s=13TeV,1.6nb" ] € e ATLAS (MBTS) — Pythia 8
I T & 5 19 pri>1GeV . = = ATLAS (ALFA) --- EPOS LHC
S 3l —-PYTHIA8 Monash T > B T e QOSJEE
S i 3 a1 A ALICE
-~ [ --- EPOS LHC 2 o LHCb
2% [ -+ QGSJET II-04 ; 08p o Auger
T 2.50 ATLAS ] 0.6f * PRANRO-ENC)
PR oA ] o pp
> i 1 04r 1 s Data —— PYTHIA 8 Monash ]
— 2 - Gl == PYTHIA 8 A14 --- Herwig7 ]
i ] 0.2 — PYTHIABA2 --- Epos %m
i g % % % : g =3
1.5F - R = H»be‘
r p_>500MeV, n, =1 < 1k P'-n-Lr — IPEPEPEPEr — =
F T > 30 ps (extrapolated) - Wl T S 20 ATLAS
I L = o8f oS e 4 Ev vvivl
103 104 :’u"r: PR ISR SR SR SN SR SR SR S SN SN SR SN S ST ST S ST S NN SN S S 10
vg [GeV] 5 10 15 20 25 30
Pl [GeV]
Minimum Bias (MB) Underlying Event (UE) Total Inelastic pp Cross-Section

13 TeV, tracks-based: 1602.01633
13 TeV, 100 MeV tracks-based: 1606.01133
<7 TeV, tracks-based: 1012.5104, etc.

13 TeV, tracks-based: 1701.05390
13 TeVin Z-events: 1905.09752
7 TeV with jets: 1406.0392, etc.

@ 13 TeV: 1606.02625
@ 7 TeV: 1104.0326, etc.

Performed for insights into low energy strong interactions

(Inputs to MC event generator tuning, understanding for pileup modelling, etc.)

40
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https://arxiv.org/abs/1602.01633
https://arxiv.org/abs/1606.01133
https://arxiv.org/abs/1012.5104
https://arxiv.org/abs/1701.05390
https://arxiv.org/abs/1905.09752
https://arxiv.org/abs/1406.0392
https://arxiv.org/abs/1606.02625
https://arxiv.org/abs/1104.0326

Tracking Systematics

Impact parameter resolution Nmatched (. )
iy . €trk =
e Smear d0 and z0 within resolution = 25 p—— ' Ngen(pr, 1)

+  TRK_RES_DO_MEAS l
+  TRK_RES_ZO_MEAS 0.85:

o
(e}
iciency

®
] . o —10.8 ¢
Residual alignment uncertainties 0 75-%
e Use central n-¢ maps of the residual biases —-0.58 ' =
+  TRK_BIAS_DO_WM | 0.7 g
+ TRK_BIAS_ZO WM 15§ 0.659
+  TRK_BIAS_QOVERP_SAGITTA_WM : 0.6 =<
25 - S
10 éoz =

p, [GeV]

Efficiency uncertainties

e Account for difference of efficiency in data/MC from

material uncertainty, based on truth-matching Make map like This for each material

+  TRK_EFF_<WP> OVERALL varialion, then calcvlate
+ TRK_EFF_<WP>_IBL \
+ TRK_EFF_<WP> pp0 - G?flfaf“lt (pT, 77) 3
+  TRK_EFF_<WP>_PHYSMODEL e;’fﬁled (pr, 1)
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Efficiency of the Single-Arm Minimum Bias Trigger

> | [ [ [ | ]
O 1~ e ———— e
S : - :
o 0.998:— E
‘© 0.996 —— -
CéO.994;— —;
= - =+ Data -
- 0'9925 ATLAS :
0'99§_+_ \s=13TeV E
0.988F mo? 21, p_>500 MeV, [n] < 2.5
0986:_ | | | | | _:

2 4 6 8 10
Nggi”

1602.01633
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https://arxiv.org/abs/1602.01633

Signal-Modelling Systematics

Assess by performing reasonable variations of the event generation, e.g.

Total scalar pr of stable particles

Total scalar pr of stable particles Total scalar pr of stable particles
ET T T T 1 T I 7 o 3

;‘_— 1 L L L I L L L B L L L ;‘_— 1 E ™ I L L 2 L B L T'— 1 T LA BN L B B I I

> E > F —— asx 1 > E
8107 810 4 g
@ ; <§}§10’2 — §10—2
E | - Ew*3 - 2 10-°
i ; - 1074 1074
= = 107° ¢ = 10-%
i . 106 ; ] ; 10-6

E L L I | | “:h“ |T|-E E I BRI T L ||—|—|||—|—§ | L1 TR L1 Ll L

2 LI IR B T T T E 2 L L I I L O L L IO 2 i\ T L L L LI B “ T T 1T £

18— 3 1.8 & = 18 F £

3 -+ ER - E 3 J

o 14E = g 14F E 2 7E I

gtfi : ||Ml(“ 3 gtle;ﬁ W_ﬁﬂg}@llﬁﬁ” Jl:_ E 11?5 ’—‘_ 'HIH{ H I

% = Sk 8 ' DﬁiFtFﬂ 08 E

gg }\ Lo ‘ T | \ 1 r-rl‘-l-ﬁtj- 1 by iy ‘ 82 ;J 1 1 J T | ‘ 11 ‘\ ‘ '™ [ \ | H 0.6 ;\ ’_J—l \|—J I - - ‘ L1 \ L1 ‘J ‘\ a1l | \é

0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
Sr [GeV] Sr [GeV] Sy [GeV]
INSTANTON_NGLUONS_MODIFIER INSTANTON_ALPHAS_FACTOR INSTANTON_SCALE_CHOICE
L J L J
Small Big

e Not sure how to treat the scale choice variation (1 /p >+/s’/ Ngluo ), which is large

ns

o In principle the signal cross-section and its shape have to be recalculated
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Flatenicity Calculated ona 10 x 10 Grid inn x ¢

> - I I T | I T T I I T | T I T | T I I I —
O 4 - , -
< - ATLAS Work in Progress [l 20 Py8 Jzt i
3 35 Vs=13TeV,1693nb~" GEER AR
9 B i ilnstm020 i iinstm040 i
L 3 - {Hinstmog0  { :inst m08o B
B Inst m100 Inst m120 ]
2.5 - :
oF e -
15 e -
1 :_ My _:
0.5 |- e c
0 L e A e el e e e I T
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Flatenicity (10, 10)
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What Does a DNN Learn?

Look at 2d classifier output vs input histograms, e.g.

ATLAS Work in Progress
Vs = 13 TeV, Signal, med
T

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Classifier A Output

| | i

0 b — =
0.1 0.12 0.14 0.16 0.18 0.2 0.22 0.24

p =-0.655
dCorf = 0.851

Track o(n)

L | IIIIlII

10?

Kouanbaig

Classifier A Output

ATLAS Work in Progress p=-0589
Vs = 13 TeV, Epos Bkg, med dCorr® = 0.344

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

1 l]llllll

ciinl

i
| ey | o, o, | SIS

0 Lkl { R T
0.1 0.12 0.14 0.16 0.18 0.2 0.22 0.24
Track o(n)

-—
o
N

—
o

Kouanbai4
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What Does a DNN Learn?

Even better: look at the profiles of the classifier outputs in classifier inputs, e.g.

e Show that classifiers A and B make different use of the input variables

e Show where discrimination power comes from, e.g. here — edges vs center of track o(n)

NPTA Ynyr Harris — 30 May 2024

(Classifier Output)

C T T T I T T T ' T T T l T T T I T T T I T T T I T T T l ]
. ATLAS Work in Progress — Pythia 8 Bkg
L4 5-13Tev, 13.6 nb” = ik
: — Signal
12 __ mes O Classifler A ]
: A Classifier B
"F3Ege.a, b R e
o8|y B T, NI N
L | A0 a “;+ 44 %} i
B T ‘E Q “ N | =
O 14 nakbta el 7
14 - ; : +
04 ¢ é CEL +¢ i
C ‘: o,
gel-  Tisas +20, ik
L = Bg Bg
i HEEgEgE EDD EE$¢ - +-
0 L 1 1 1 I 1 1 1 | 1 1 1 l 1 1 1 I 1 1 1 I 1 1 1 l 1 IDI b
0.1 0.12 0.14 016 018 02 022 024

Track o(n)
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SHERPA UE Tuning: Models

Sj\"ostrand-van Zijl model [Phys. Rev. D 36, 2019]

Module Model parameter 1 45
Pao(Prmin) = oxp | - Ph——
pT.Illin no pT,mm fo'ND po%
])T‘ () p%‘,min
AMISIC §
Jmat Transverse momentum regulator
o
2 2 2
s P = PTtDPTo
(k) | o |
o Double Gaussian matter density profile assumption
P : d 1 KP /fnmx
rimordial_KPerp k7 il )i 2 iy 1 £
n /7(7" X mat 71:1)) €xXp 7"% mat T’% exp ?"%
(8
AHADIC / Intrinsic transverse momentum of partons in hadrons

Pr(kr) o< exp <_M> y ll - ( B )711

2 max
o kY

AHADIC model: A modified cluster-hadronization model,
0311085

Sherpa 2.2 manual, 1905.09127
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https://arxiv.org/pdf/1905.09127.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.36.2019
https://arxiv.org/pdf/hep-ph/0311085.pdf

SHERPA UE Tuning: 7 TeV Results in Pictures (1/3)

Std. dev. Transverse Npg density vs. ptik‘, Vs=7TeV

Tracks-based UE at 7 TeV v/
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https://rivet.hepforge.org/analyses/ATLAS_2010_S8894728.html
https://arxiv.org/abs/1012.0791

SHERPA UE Tuning: 7 TeV Results in Pictures (2/3)
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1% d12-x01-y01:

1% d15-x01-y01:

o

UE at 7 TeV with track-jets ¢/
[ATLAS 2012 11125575,1208.0563]
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https://rivet.hepforge.org/analyses/ATLAS_2012_I1125575.html
https://arxiv.org/abs/1208.0563

SHERPA UE Tuning: 7 TeV Results in Pictures (3/3)

Transverse Ny, in || < 2.5, P82 > 20 GeV in incl jet events UE at 7 TeV with leading jet v/
E 1 ?_W T T ] T T 17T l | S O I | I T 17T l T 17T I | O} [ T 17T T I_
> = — b Ba E [ATLAS 2014 11298811, 1406.0392]
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https://rivet.hepforge.org/analyses/ATLAS_2014_I1298811.html
https://arxiv.org/abs/1406.0392

Fitted SHERPA UE Parameters

Parameter Prior Value Scan Range Tuned Value Relative Change
AMISIC: :PT_O(ref) 2.5 011 0.716 4+ 0.008 —71.4%
AMISIC: :PT_Min(ref) 3 2:5—5 4.260 £ 0.009 +42.0%
AMISIC: :SIGMA_ND_NORM 0.4 04-1 0.458 + 0.003 +14.5%
AMISIC: :MATTER_FRACTION1 0.5 0.1 -04 0.187 4+ 0.003 —62.6%
AMISIC::RADIUS1 0.4 0.0 -0.5 0.157 & 0.002 —60.8%
AMISIC: :RADIUS2 1 0.8 — 1.5 0.890 4 0.005 —11.0%
AMISIC: :Eta 0.16 — 0.16
INTRINSIC_KPERP: : MEAN 0 0— 1.2 1.004 £ 0.009 +00%
INTRINSIC_KPERP: : SIGMA 1.5 0.6—3 1.1 =003 —27%
INTRINSIC_KPERP: : MAX 3 2 =5 2.69 +0.03 —10%
INTRINSIC_KPERP: : CUT_EXPO 5) 3 -6 9.12 4+ 0.04 +2%
AHADIC: :ALPHA_B 2.5 — 15
AHADIC: :BETA_B 0.25 — 0.9
AHADIC: :GAMMA_B 0.5 — 15

NPTA Ynyr Harris — 30 May 2024 51



Search at High-Q” by the H1 Collaboration — MC Samples

Phys. J. C 76 (2016) 7, 381

The background is modelled using the RAPGAP and DJANGOH Monte Carlo programs.
The RAPGAP Monte Carlo program [32] incorporates the O(a,) QCD matrix elements and
models higher order parton emissions to all orders in «, using the concept of parton show-
ers [33] based on the leading-logarithm DGLAP equations [34]], where QCD radiation can oc-
cur before and after the hard subprocess. An alternative treatment of the perturbative phase is
implemented in DJANGOH [35] which uses the Colour Dipole Model [36] with QCD matrix
element corrections as implemented in ARIADNE [37]. In both MC generators hadronisation
is modelled with the LUND string fragmentation [38][39]] using the ALEPH tune [40]. QED
radiation and electroweak effects are simulated using the HERACLES [41]] program, which is
interfaced to the RAPGAP and DJANGOH event generators. The parton density functions of
the proton are taken from the CTEQ6L set [42].

QCDINS [11./43] is a Monte Carlo package to simulate QCD instanton-induced scatter-
ing processes in DIS. The hard process generator is embedded in the HERWIG [44] program
and is implemented as explained in section[2l The number of flavours is set to n; = 3. Out-
side the allowed region defined by @’ ;an and x,;, the instanton cross section is set to zero.
The CTEQSL [43] parton density functions are employecﬁ. Besides the hard instanton subpro-
cess, subleading QCD emissions are simulated in the leading-logarithm approximation, using
the coherent branching algorithm implemented in HERWIG. The hadronisation is performed

according to the Lund string fragmentation.
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https://arxiv.org/abs/1603.05567

Events

10000

50001

Search at High-Q? by the H1 Collaboration

Phys. J. C 76 (2016) 7, 381

15000

® H1 Data
—— QCDINS x 50
------- RAPGAP

—— DJANGOH

06

08
discriminator D

1

Events

200—

400

.............. e H1 Data
— QCDINS
------- RAPGAP
— DJANGOH
[ R
L L, =
0.9 0.95 1

discriminator D

No evidence for QCD Instantons found, but predictions challenged for the first time.
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Possibly not the final word from the HERA data...
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Cross-sections of Central Instanton Production

V. V. Khoze et al, Central Instanton Production, 2111.02159

(1b)

Minst |GeV] d(f,(,;)a)[pb] (Z(Ti(,;,b) [pb] d(fl(,f,a)[pb] (1(71(3)1)) [pb] d()',()ib), Q; > 20GeV
15 13.3 4.56-104 3.72:10° 1.83-10° -

30 6102 1.69-10? 8.10 2.28-10% 1.99-1073

55 3.82-107° | 3.27 1.19:-10~! | 8.96-10" 2.95.1073

(43] 8.8:1077 1.61-1071 | 4.72.1073 | 7.06 1.70-1073

95 4.27-107% | 1.38:1072 | 3.42-:10~* | 8.58:10~! | 7.26-10~4

115 3.37:1077 | 1.74-10~7 | 36810 ° | 1.39:10 ! | 2:80:10*

135 3.77-10-19 | 2.86:10~* | 5.29:10~° | 2.75:10~2 | 1.04-10~*

Table 1: Instanton cross-sections at the 14 TeV LHC. The differential cross-
sections for the process in Figs.la, 1b and 2a, 2b, given by Egs. (b.1

=

and (5.2]), are computed for a range of instanton masses M;,,;.
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QCD Instanton Searches With Forward Proton Tags

((u), L[fb~]) Mt > 60 GeV | Mt > 100 GeV
(

0, 0.1) 19.0/(0.4+3.5) 5.8/(0.2+3.5)
(1.0, 0.1) 8.7/(6.5+0.2) 3.2/(4.740.2)
(2.0, 1.0) 52.2/(58.1+2.5) | 15.4/(55.3+2.2)

(5.0, 10.0) | 56.2/(205.6+13.3) | 23.8/(137.147.6)

Table 1 Summary of event yields after applying cuts in Eq. (9) and Eq. (10) for the
single-tag search approach for Mi,st > 60 GeV and Mj,st > 100 GeV, respectively, and for
four luminosity scenarios ((u), £). For each scenario, a ratio of number of signal to
background events, Ng/(Nnp + Nsp), is shown.
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