Pythia 8: DIS and photoproduction
MC4EIC

Ilkka Helenius /
2 A

November 18th, 2022 JYVASKYLAN YLIOPISTO ACADEMY OF FINLAND
UNIVERSITY OFJYVASKYLA  CoE in Quark Matter




Pythia 8: A general purpose Monte-Carlo
event generator

- A new manual for 8.3 release
SciPost Phys. Codebases 8-r8.3 (2022);
arXiv:220311601 [hep-ph]

Outline

1. Deep inelastics scattering
Photoprodcution at HERA
Ultraperipheral collisions LHC

Photoproduction of diffractive dijets

o W N

Summary & Outlook [fisure by P. Skands]


https://arxiv.org/abs/2203.11601
https://arxiv.org/abs/2203.11601

PYTHIA Collaboration

- Christian Bierlich (Lund University)
- Nishita Desai (TIFR, Mumbai)
- Leif Gellersen (Lund University)
- Ilkka Helenius (University of Jyvaskyla)
- Philip Ilten (University of Cincinnati)
- Leif Lonnblad (Lund University)
- Stephen Mrenna (Fermilab)
- Christian Preuss (ETH Zurich) [Pythia meeting in Monash 2019]
- Torbjorn Sjostrand (Lund University)
- Peter Skands (Monash University)
- Marius Utheim (University of Jyvaskyla)
- Rob Verheyen (University College London)



PYTHIA Collaboration

- Christian Bierlich (Lund University)

- Nishita Desai (TIFR, Mumbai)

- Leif Gellersen (Lund University)

- Ilkka Helenius (University of Jyvaskyla)

- Philip Ilten (University of Cincinnati)

- Leif Lonnblad (Lund University)

- Stephen Mrenna (Fermilab)

- Christian Preuss (ETH Zurich) [Pythia meeting in Monash 2019]
- Torbjorn Sjostrand (Lund University) * Spokesperson

- Peter Skands (Monash University) - Codemaster

- Marius Utheim (University of Jyvaskyla) - Webmaster

- Rob Verheyen (University College London) https://pythia.org

authors@pythia.org



Electron-proton collisions
Classified in terms photon virtuality Q2
Deep inelastic scattering (DIS)
- High virtuality, Q> > a few GeV? O/{E;{f
- Lepton scatters off from a parton by - \ ) ™

exchanging a highly virtual photon .‘\-é\u\“\.\v°\>
Photoproduction ~
- Low virtuality, Q* — 0 GeV? —(D/*:j
= Direct and resolved contributions &.{i
- Factorize ~ flux, evolve vp system ; ';i:
- Hard scale provided by the final state ] .,:\:7
- Also soft QCD processes, diffraction \..;\:“



Event generation in DIS with PYTHIA 8

Hard scattering

- Convolution between PDFs and matrix
element (ME) for partonic scattering

Parton shower

- Final state radiation (FSR) -

«

- Initial state radiation (ISR) for hadron s
_ “\

- QED emissions from leptons (omitted
9 ( ) \ ..‘\'
Q

Hadronization

- String had.romzatlon with colour VN
reconnections

- Decays to stable hadrons



DIS with Pythia

Alternative shower model dipoleRecoil

[B. Cabouat and T. Sjostrand, EPJC 78 (2018 no.3, 226)]

1/NdE, /dy / GeV

- No PS recoil for the scattered lepton

- Reasonable description of single-particle
properties, such as transverse energy flow

- Results based on tune with the default ] .
global-recoil shower )

Hi1 data, 20 < Q < 30 GeV, Eur.Phys].C46:343-356,2006
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Completely new shower DIRE
[S. Hoche, S. Prestel, EPJC 75 (2015) no.9, 461]

1/odo/d(1—T)

- Correct soft-gluon interference at lowest order

- Inclusive NLO corrections to collinear splittings WET

MC/Data

- Good agreement with HERA data e.g. for thurst T




Event generation in photoproduction

Direct processes
- Photon initiator of the hard process (DIS-like)
- Convolute photon flux f, with proton PDFs fIP and dé

do,bp%k ]cb( ) ® fjp(vauz) ® da_'yi%kl

- Generate FSR and ISR for proton side
Resolved processes

- Convolute also with photon PDFs
doPP—RIAX _ fé)(x) ®JCJ_’Y(X%M2) ® f’_p(Xp’/f) & do_ij%k[

- Sample x and Q?, setup «p sub-system with W,
- Evolve vp as any hadronic collision (including MPIs)




Evolution equation and PDFs for resolved photons

DGLAP equation for photons
- Additional term due to v — qq splittings

of (@) _ aem as 02 dz 2
dlog(@) ~ on i Piy Z/ Pii(2)fi(x/z,Q%)

where P (x) =3 (x* + (1 - x)?) for quarks, 0 for gluons (LO)
- Resulting PDFs has point-like (or anomalous) and hadron-like components

]cl_’y(X7 QZ) _ ]C/-A"pl(X, QZ) Jr]c,_'y,had(x, 02)

. ff'm : Calculable from perturbative QCD
: fﬂ’had : Requires non-perturbative input fixed in a global analysis



Evolution equation and ISR for resolved photons

ISR probability based on DGLAP evolution
- Add a term corresponding to v — qq@ to (conditional) ISR probability

dQ? as X'f1(x', Q%) dQ? aem €f Py—pc(X)

@ 2 @) T o )

dpaeb =

- Corresponds to ending up to the beam photon during evolution
= Parton originated from the point-like part of the PDFs

- No further ISR or MPIs below
the scale of the splitting

- No need for beam remnants



Comparison to HERA dijet photoproduction data

ZEUS dijet measurement
- Q% < 1.0 GeV?
- 134 < Wyp < 277 GeV
- B > 14 Gev, EF? > 11 GeV
1< get? < 2.4
Two contributions

- Momentum fraction of partons in

p h OtO n 11 jetl t2 et2
obs __ EJTe e?7 + E ’ ~
YEe

- Sensitivity to process type
- At high—xf;bS direct processes dominate
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[ZEUS: Eur.Phys.). C23 (2002) 615-631]



Comparison to HERA dijet photoproduction data

ZEUS dijet measurement

% f —e— ZEUS
. Q2 < 1.0 GeV2 %1 = —— Pythia 8.226
ﬁ& 0 § i —— resolved
° 134 < W/yp < 277 GeV .%r E I;I; diﬁgct
& [ ] 23" > 0.75
. . = 1= | — nietl < 2 4
- B > 14 GeV, EEP > 11 GeV - e RS
—1 <2 < 2.4 0 b =
Two contributions b | | |
- Momentum fraction of partons in E ié: 4
cl2g L4
photon C7 | anaiiin el —1—_+_.
jetl pietl et2 e 209 E IR
obs_ET e +E - £08E
X’y - 2E NX’Y Hg.g7\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\
YEe ’ 20 30 40 50 60
e EX™ [GeV]
© Sensitivity to process type [ZEUS: EurPhys.). C23 (2002) 615-631]

- At high—xf;bS direct processes dominate



Comparison to HERA dijet photoproduction data

ZEUS dijet measurement

= 10% g
) E —— S
. Q2 < 1.0 GeV2 % [ —?’St[qum 8.226
210t E —— resolved
: 134 <W,p < 277 GeV ¥ 17 dt< oos
- B > 14 GeV, EEP > 11 GeV t: oL
—1 <2 <24 e
Two contributions 10*‘ |
- Momentum fraction of partons in 2 ié -
T 125
R ]
phOtOﬂ et1 el et2 et2 2 [1)8 :—d:L.;
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- Sensitivity to process type [ZEUS: Eur.Phys.). C23 (2002) 615-631]

- At high—xf;bS direct processes dominate



Comparison to recent ZEUS data for charged hadrons

Multiplicity distributions

- Multiplicity distributions sensitive to g
MPIs with resolved photons
- ZEUS data support for MPIs but with
slightly larger p%%f than in pp = less MPIs
pr spectra for N, > 20
- Similar agremeent as above
- Useful constraints for MPIs in vp system g

- Goog agreement also in ¢1{2}

[Rivet Analysis in preparation]
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Equivalent photon approximation

Implemented photon fluxes 108
- In case of a point-like lepton we have

aem (14 (1=x)2) 1

—— leptons
protons
—— Pb nucleus

104

10°

10?

[ 2 é‘
X = ~ N 277 E
f’Y( ’Q ) 27 X QZ 5} 10t
- For protons need to account the form factor QT
107!
gy < Cn(IHO=X) 1 1 o
A - 27T X QZ (1 + QZ/Qé)4 107 1073 1(:(_2 107t 100

where Q3 = 0.71 GeV? (Drees-Zeppenfeld) = Large Q? heavily suppressed
- With heavy nuclei use b-integrated point-like-charge flux

7200 = 222 e keate) - & (K6 - K3(©)

where &€ = b, xm where b, reject nuclear overlap, Q> < 1 GeV?

= Can apply photoproduction framework with all these beams! 11



v~y — ptp~ in proton-proton collisions

Elastic-elastic contribution

do/dM -

- Photons have small ky proportional to Q?

107!

- Muons almost back-to-back (Aco ~ 0)
- Small effect from FSR

-
\040 ’\/\,/\\_’O e T | Ly | | E
o — . i'*i \ \ \ \ \ -
[\ S M } -
0.6 _
QO \O 0 ‘ ‘2‘0‘ ‘ 3‘0 1‘0 ‘0 6‘0 - 70
M+
Clean process to calibrate flux [ATLAS: PLB 777 (2018) 303-323]

- Reasonable agreement with ATLAS data

using EPA, DZ can be improved
12



v~y — ptp~ in proton-proton collisions

Single-dissociative contribution

- Other ~ from elastic flux, other as a part of
DGLAP evolved proton PDFs

- Dissociative side will get primordial-Ry
sampled from gaussian with width O(GeV)

- Also QCD ISR generated, significant pr
_ﬂ%@ ’_“\9420
N e S
j\\//\&& L“'H\
N :‘fé\

- Cuts on pY suppress events with ISR

Pythia 8, EE
Pythia 8, SD
— Pythia 8, SD, pil < 1.5 GeV

0 T T T T T
0.000  0.005 0.010 0.015 0.020 0.025 0.030
A = acoplanarity of the muon pair

Double dissociative

- Both photons from PDFs with
primordial-ky and ISR

= Large acoplanarity

13



Ultra-peripheral heavy-ion collisions

(Pb — ~)+p: [CMS: Murillo Quijada, QM2022]

Events

PPb, {5y, = 8.16 TeV (68.8 nb™)

T
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- Multiplicities well reproduced

with yp

(Pb e y)+PD:[ATLAS: PRC 104, 014903 (2021)]

s T ERERES T ERERES R
85 ,1 'ATLAS E
g 1o Pb+Pb, 1.0 b - 1.7 nb '3
\gw 10 Sy = 5.02 TeV, OnXn E
= 100l I,AN>25 E
A3 ¢ Data E
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S 10°f DPMJET-Il y+p

----- Pythia8 y+p

o Ol ol v
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ch

- High multiplicities missed with vp
= Multi-nucleon interactions




Dijets in ultra-peripheral heavy-ion collisions

- Novel constraints for nuclear PDFs, 3 o o a3
. Q 43<Hr<5369‘l(><‘0j] Pb+Pb 5.02TeV,1.72nb"
Xa to estimate probed nuclear x g pamBreiot b ool 3
N 81 HY<IDOGeV(x1OB?'n g;tkr’vrﬂ:(ll‘t;:‘(ssev :E
- Pythia setup with nucleon target only e 1202 1o 0 3
= Not a realistic background for jet m"; ________ e =
. ° e R - =
reconstruction E T e 3
- Good agreement out of the box when = e D03
accounting both direct and resolved 102 <2 pynas o e 3
15 E- == nCTEQ PDFs with Pb photon flux —
107 M | . 4
O/O MO/O 10° 0 x,
"‘\1/\'\ — M % % 1‘5_3.5<HY:JGGeV . __Ai<~,<lsacev ) E
e 0.5 = E

_\ \ g 156 53 < Hy < 66 GeV 66 < Hy < 81 GeV .

( ﬁ oo ’
_ 102 107 102 107

—

[ATLAS: Gilbert DIS2022]
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Diffractive dijets at HERA

i H1 VFPS data

i H1 VFPS data - AFG y-PDF
— ) —
. NLOH12006 Fit-B x 0.83 x (1+5_) — NLO H12006 Fit-B x 0.83 x (1+5, )
— —_ c
ire) e}
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N ~n 1000
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- H1 data and factorization-based NLO calculation in DIS (high Q%) in agreement
- NLO calculation overshoot the data in photoproduction (low Q?)
= Factorization broken in hard diffraction at low Q? similarly as in pp



Hard diffraction in PYTHIA 8

Direct:

Hard diffraction in photoproduction
- Process with a hard scale, desribed with a
colour-neutral Pomeron (IP) exchange
- Experimentally identified from rapidity gap
Factorization of the diffractive cross section

- Direct: Pomeron flux and diffractive PDFs
(dPDFs)
dojee, = f2(X) @ do? 2% @ £P (2, pu?) @ £ (xp, 1)
- Resolved: photon PDFs
dodeea=Fy (0 @ (%, 17) @ do” 2 @ £F (2, 1°) @ R (e, 1)

Resolved:




Hard diffraction in PYTHIA 8

Direct:

Hard diffraction in photoproduction
- Process with a hard scale, desribed with a
colour-neutral Pomeron (IP) exchange
- Experimentally identified from rapidity gap
Dynamical rapidity gap survival model
1. Generate diffractive events with dPDFs (PDF)

Resolved:




Hard diffraction in PYTHIA 8

Hard diffraction in photoproduction
- Process with a hard scale, desribed with a
colour-neutral Pomeron (IP) exchange
- Experimentally identified from rapidity gap
Dynamical rapidity gap survival model
1. Generate diffractive events with dPDFs (PDF)

2. Reject events where MPIs in vp system (MPI)

Direct:

Resolved:




Hard diffraction in PYTHIA 8

Direct:

Hard diffraction in photoproduction
- Process with a hard scale, desribed with a
colour-neutral Pomeron (IP) exchange
- Experimentally identified from rapidity gap
Dynamical rapidity gap survival model
1. Generate diffractive events with dPDFs (PDF)

2. Reject events where MPIs in vp system (MPI)

Resolved:

3. Evolve ~IP system, allow MPIs




Hard diffraction in PYTHIA 8

Direct:

Hard diffraction in photoproduction
- Process with a hard scale, desribed with a
colour-neutral Pomeron (IP) exchange
- Experimentally identified from rapidity gap

Dynamical rapidity gap survival model
1. Generate diffractive events with dPDFs (PDF)

2. Reject events where MPIs in vp system (MPI)

Resolved:

3. Evolve ~IP system, allow MPIs

Implemented from PYTHIA 8.235 onwards
[I.H. and C.0. Rasmussen, EPJC 79 (2019) no.5, 413]
Same idea applied for pp collisions at the LHC
[C.0. Rasmussen and T. Sjostrand, JHEP 1602 (2016) 142] 17




Comparisons to HERA data

H1: [EPJC 51(2007) 549]  ZEUS: [EPJC 55 (2008) 177] Cuts H1 ZEUS

Q% [GeVZ] 001 1.0
: 2 et1
13 Efmin [GEV] 5.0 7.5
E jet2
; EF2 [GeV] 40 65
- XX 0.03 0025
N — ; 7—% PYTHIA setup
L B R R - dPDFs from H1 fit B LO
- PDF selection overshoots the data by 20-50 % * yPDFs from CJKL
. . . . f
- Impact of the MPI rejection increases with W pro = 3.00 GeV/c

(Tuned to inclusive
charged particle data
from yp at HERA)

- Stronger suppre_ssion in H1 analysis due to
looser cuts on E£® and xp = More MPIs



Predictions for diffractive dijets in UPC

pPb /s = 5.0 TeV pp /S =13 TeV

— £ —0.012
5 45fF . = F }
3 E — ~—~ PDE p'%h = 3.00 GeV 3 F ---PDE p'f{E = 3.00 GeV
S YE - —— MPJ, p') = 3.00 GeV 3 001 [~ —— MPL p'fy = 3.00 GeV ey
£ 35 — -—- , =228 Ge' £ [ === , pg = 2. e [
£ 3s5E _ PDFp'f? 2.28 GeV . PDF, p'j? 2.28 GeV o
z E oL —— MPI, p'fy = 2.28 GeV Z o008 [ — MPL pT=228GeV __— ey
N 3 N r — —
T 25F 9 L [
5 E 0.006 — \”—J_‘
2 r PR
1.5 E 0.004 [ =
E C 3
= L
E 0.002 [~ =
05 L
P = P N N B L P SRR RRR TR PRI,
14 E 14 £
5 12 A 12
= 1E & 1EE5
2 o8F 2 o8F
g o6F ER
2 af 2 0aF
P PR N RN ERTR RV A Bl
o 200 400 Goo  Boo 1000 1200 1400 o 500 1000 1500 2000
W [GeV] W [GeV]

- Extended W range wrt. HERA, especially in pp (harder flux)
- Stronger suppression from MPIs than at HERA
= |deal process to study factorization-breaking effects in hard diffraction 19



Predictions for EIC

Repeat the H1 analysis at EIC kinematics (Ee = 18 GeV, Ep =275 GeV)

T
~—- PDF -1
— MPI

do/dW [pb]
k4
=]
Lol
do/dx, [pb]

2 0 95 00 o 0 0
B0 S E G e G 6

Ratio

- Only up to ~ 10% effects in the considered W range
- Noticeable suppression only at low x, where cross section small
= Available energy and kinematical cuts for diffraction push the kinematics to
region where only little room for MPIs (€ > 5.0 GeV, F¥ > 4.0 GeV) 20



Summary & Outlook

PYTHIA 8.3
- DIS with two parton showers
- Framework for photoproduction
= Can be applied also to
ultra-peripheral collisions
- Photon fluxes in place for protons
and heavy nuclei
Future
- Subsequent resolved-photon
nucleon interactions for y+A
(Angantyr model)

[figure by P. Skands]

- Consider intermediate Q? region y



Backup slides



PDFs for resolved photons

Comparison of different photon PDF analysis

0.6 ——————T——T—T——T——T——1 20 T T
Q% =10.0 GeV? — CJKL 18 F Q* =10.0GeV? — CJKL
05 F y-quark — GRV 1 16 k gluon — GRV ]
2 SASGAM Z 1 SASGAM ]
2 o4t 4 5
< ~ ]
S 03 ] ]
= 02 -~ ]
01 q ]
ol ]
0.0 01 02 03 04 05 06 07 08 09 1.0 1

T

- Some differences’between analyses, especially for gluon
= Theoretical uncertainty for resolved processes

- CJKL used as a default in PYTHIA 8, others via LHAPDF5 but only for
hard-process generation



Charged particle pr spectra in ep collisions at HERA

—

ratio to Pythia
cooo ==eS
ORI N

—— HI1

—— Pythia 8.226

—— resolved
direct
piel = 3.00 GeV/e
Il <1

\ \ \ \
by o + |
?\ L L ‘ L L L ‘ L L L ‘ L L L ‘ L L L
2 4 6 8 10 12
pr [GeV/c]

[H1: Eur.Phys.). C10 (1999) 363-372]

H1 measurement
-« Ep = 820 GeV, Ee = 27.5 GeV
< Wyp > ~200 GeV
© Q% < 0.01GeV?
Comparison to PYTHIA 8
- Resolved contribution dominates

- Good agreement with the data using
ptel = 3.00 GeV/c
= MPI probability between pp and vy



Charged particle pr spectra in ep collisions at HERA

107!

=
S
|

MC/Data
NI oW

CoO0O e

T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T

—4— H1

— pT:O =2.28 GeV, Xj/n =9.90

—_— p};_f() =2.70 GeV, XQ/IL =185
pT'_fO = 3.00 GeV, XQ/IL =0.79

— pro = 3.30 GeV, x*/n = 1.69

—— MPI off, x*/n = 2.48

4 6 8 10 12
pr [GeV/c]

[H1: Eur.Phys.). C10 (1999) 363-372]

H1 measurement
-« Ep = 820 GeV, Ee = 27.5 GeV
© < Wayp > A~ 200 GeV
© Q% < 0.01GeV?
Comparison to PYTHIA 8
- Resolved contribution dominates

- Good agreement with the data using
ptel = 3.00 GeV/c
= MPI probability between pp and vy



Charged particle pr spectra in ep collisions at HERA

H1 measurement

=y 10 L L B L B B AR
= —+ 1 2 - Ep = 820 GeV, Ee = 27.5 GeV
‘“% 103 — pT'_fO =2.28 GeV, XQ/n =9.90
= — pro=2.70 GeV, x“/n =1.85 . ~
B 10? Py = 3.00 GeV, x*/n = 0.79 <Wyp > =200 GeV
o ref 2 )
< — pro = 3.30 GeV, x"/n =1.69 2 )
0! —— MPIoff, x*/n = 2.48 : 07 < 0.01 GeV

Comparison to PYTHIA 8

- Resolved contribution dominates

- Good agreement with the data using
ptel = 3.00 GeV/c
= MPI probability between pp and vy




Charged-particle n dependence

33000 C = 800 -
& [ —— Hi1 A F —— Hi1
Fa2500 [ — Pythia 8226 5 7% — Pythia 8226
N r — resolved N 600 [~ — resolved
© 2000 - direct © g direct
C pr >20GeV/c —— 500 — pr>3.0GeV/c
L —— —— E
1500 =g 400
S oo A
1000 ;_I—I—‘—"‘—"
r 200
500 [~ E
L 100
Foov b by 1y Eevvn b b e b vy
1,g E 1,g E
8 14 & 8 1.4 B
£ 125 £ 12
2 1E e 2 1E —— 4 —
go8g L ] 2 o8 ;_’__,_,_,—'—'7_*_—*——*“*__"
o 06 & o 06 E
T o4 E g 04
=02 02
P = T T T I T o OBl b
-1 -0.5 o 0.5 1 -1 -0.5 o 0.5 1
U U

[H1: Eur.Phys.). C10 (1999) 363-372]
- Good agreement also for charged-particle n dependence
- Resolved contribution dominates the cross section



Comparisons to HERA data

H1: [EPJC 51(2007) 549]  ZEUS: [EPJC 55 (2008) 177] Cuts H1 ZEUS
“ Q2. [GeV?Z] 001 10

E — Daa
~+- PDF

do/dx§™ [pb]

: et1

Tgm [Gev] 50 75
0 je

B2, [Gevl 40 65
: x[nax 0.03 0.025

MC/Data

v’ analysis PDF  MPI

- Stronger suppression at lovv—x?/bS (more MPIs) H1 52 14
ZEUS cuts select events at high-x°bs regi ZEUS 96 5.1
cuts select events at high-x3° region 18 7EUS 76 a4

- Some theoretical uncertainty from ~PDFs, (with all data points)

dPDFs and scale variation



Intermediate Q” region

Solid theory for Q> = 0 and at high Q?

= What happens in between?

Vs = 318 GeV, Wy, = 100 GeV:

10°
—— Direct
. . . . —— Resolved
Pythia 6 (inspired) model (# Pythia 8) 102 DIS
) total
- Select suitable scales and
- - J e ——
suppress contributions by hand z
~v*p £
o Lt Op L Lk S
Tt = Gid exp [ ~E),«Lrp + 550 + et 0
9pis
where .
) 10
e - Qz o
Ualsp = {Qumﬂ O'D/\sp
7P — 5P m, o 1n 107 10T 100 107 102
Res ™ “Res m%+QZ W2+Q? Q? [Gc\"z]
. 5-3\7!] = Ugirp(bT,mim - maX(Q>pT,mm))
Pr,min = 1.3 GeV, n =3, m, = 0.7755 GeV

Intermediate: 0.5 < Q? < 5.0 GeV?



Intermediate Q” region

Solid theory for Q> = 0 and at high Q?

102

VS = 140 GeV, Wi, = 10 GeV:
. 103
= What happens in between? —— Direct
. . . . — Resolved
Pythia 6 (inspired) model (# Pythia 8) 102 DIS
) total
- Select suitable scales and
. . 10t
suppress contributions by hand z
~v*p £
o Lt Op L Lk S
Ut,otp = Jlj\Sp exp [ ..E)/Lrp + ”girp + (T’Ryeg 0
9pis
where ~
5 10
e 2 %
Ghis” = Lﬂimﬂ O'D/\sp
2 .
R R w2 1" 107 1g-T 1o fo"
ORes = ORes o+ w2
. 5-3\7!] = Ugirp(bT,mim - maX(Q>pT,mm))

Q* [Gev?)

Intermediate: 0.3 < Q? < 3.0 GeV?
Pr,min = 1.3 GeV, n =3, m, = 0.7755 GeV



Intermediate Q” region

Solid theory for Q> = 0 and at high Q?

VS = 85 GeV, Wi, = 10 GeV:
. 103
= What happens in between? —— Direct
. . . . — Resolved
Pythia 6 (inspired) model (# Pythia 8) 102 DIS
) total
- Select suitable scales and
. . 10t
suppress contributions by hand z
~v*p ‘?—
o Lt Op L Lk S
Ut,otp = Jlj\Sp exp [ ..E)/Lrp + ”girp + (T’Ryeg 0
9pis
where ~
5 10
e 2 %
Ghis” = Lﬂimﬂ O'D/\sp
2 .
R R w2 1" 107 1g-T 1o fo"
ORes = ORes m%+QZ W21Q?
. 5'3\1!] = Ugirp(ﬁT,mim = maX(Q>pT,mm))

Q* [Gev?)

Intermediate: 0.2 < Q% < 2.0 GeV?
Pr,min = 1.3 GeV, n =3, m, = 0.7755 GeV
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