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What is the Parton Branching method?

[JHEP 09 060 (2022)]
[Phys. Rev. D 100 (2019) no.7, 074027]

[Eur.Phys.J.C 82 (2022) 8, 755]
[Eur.Phys.J.C 82 (2022) 1, 36]
[Phys. Lett. B 822 136700 (2021)]

Does it properly
include all soft
gluon
contributions in
shower?

Does it provide

PDFs and TMDs

Is it only a MC ,
ener'a’r::r' for Is it a DELAP and PB parton
= extension?

small-x?

shower unfold
them?
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The Parton Branching (PB) method

Evolution for both collinear and TMD PDFs

Parton BR approach provides angular ordered evolution for TMD parton densities
PB-Set1 (a (u?)) and PB-Set2 (a_(p,*=p*(1-2)%)):
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initial distribution is factorized in a collinear part and a normalized Gaussian factor with the width defined by the q_parameter

and collinear parton densities:
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PDFs and TMDs fit in a nutshell

Required settings to calculate the transverse momentum spectrum of DY lepton pairs

Parameterize collinear PDF at p§

Produce PB kernels individually for collinear and TMD densities for quarks and gluons with uPDFevolv2 package

Perform fit to measurements using xFitter package to extract the initial parametrization (with collinear coefficient functions at NLO)

Store the TMDs in grid for later use in CASCADE3 Eur. Phys. J. C 81 (2021) 425

Plot both collinear and TMD pdfs within TMDplotter Eur. Phys. J. C 81 (2021) no.8, 752

Application of PB TMDs

PDFs & TMDs fitted to HERA data applied to different measurements, e.g. DY

Our setting:
Introducing “transverse momentum” instead of “evolution scale” in strong coupling suppresses further soft gluons at low k.
We use PB-set2 [a_(p,)] with g_ =1 GeV and a (M )=0.118

cut

Hard process:
NLO hard-scattering ME are generated by the MADGRAPH AMC@NLO based on collinear PB-set2
HERWIG6 subtraction terms are used since they are based on the same angular ordering conditions

Soft process:
k; is added to ME by an algorithm in CASCADES3 using the subtractive matching procedure
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Intrinsic kr

Transverse momenta of partons in incoming colliding hadrons due to Fermi motion.
Not calculable in perturbative QCD.

Described by phenomenological models

Modelled using a tunable parameter, q_, through a Gaussian distribution

First assuption was q_=0.5 GeV 2.0 . .
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How can one specify intrinsic krwidth?

DY provides a clean, high-resolution final state for better understanding of

various QCD effects. Fred Olness, CTEQ summerschool 2003
E Perturbative contributions
‘_\g 120 '_ !+p0wcr corrections
Description of DY p. spectrum can be divided into three theoretical regions: g
> 100
« Non-perturbative region: sensitive to intrinsic k. and soft gluon emission
80
* Transition region I
R . 60
* Perturbative region _
- 4 \ = (Wt = éve) X
/ CTEQ6M
” 06— 20 Perturbative
L 4 physics dominates
9_.
66— 0 Loy b b b
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onperturbative Q;, GeV

dynamics ("intrinsic kr")
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Gauss width tuned to 13 TeV pp data across various mpy bins

Eur.Phys.J.C 84 (2024) 2, 154
CMS (2022) 13 TeV Eur. Phys. J. C 83 (2023) 628

2.00
—— Combined fit
1.754 -  Individual regions
1.50 - Final q_ extracted from combined covariance matrix
S

1.95 - analysis across 5 mass bins
= ._L_[_
S 1.00 %‘ l T * One-sigma confidence obtained as the region of
2 H 2 2

0.75 * all q_ values for which x*(q,) <x_.° +1

0.50 - * Scan resolution and bin uncertainties are taken

0.25 into account

0.00 - . . - q.=1.04 * 0.08 GeV

200 400 600 800 1000 S
mee [GeV]

The values extracted from all m_, interval are compatible with each other.
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Mass dependence of the intrinsic k.

M(I*I') in DY events ~ hard scattering scale

2.0
— ¢, =1.04£0.08 GeV M+ DO (2000) 1.8 TeV
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Eur.Phys.J.C 84 (2024) 2, 154

The value of q.=1.04 £ 0.08 GeV, as derived from the CMS pp DY measurements, is compatible for all ranges of m;.
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Energy dependence of the intrinsic k_ EurPhys.J.C 84 (2024) 2, 154

Energy scaling behavior of intrinsic k. width

2.0 — g, =1.04+£0.08 GeV ¢ D0 (2000) 1.8 TeV
¢ CMS (2022) 13 TeV ¢ CDF (2012) 1.96 TeV
1.8 ¢ LHCb (2022) 13 TeV ¢ CMS (2021) 8.16 TeV
¢ ATLAS (2015) 8 TeV ¢ PHENIX (2019) 200.0 GeV
1.6 1 ¢ CDF (2000) 1.8 TeV E605 (1991) 38.8 GeV
1.4 -
S
[«¥]
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2
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¢
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101 100 10!

Vs [TeV]
PB TMDs (applying CASCADE3): very mild dependence of q_ on various center of mass energies from 32 GeV to 13 TeV.
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Is it the same for collinear MC parton shower?

DESY S. Taheri Monfared Page 10



Parton shower Monte Carlo event generator

Parton shower follows backward evolution for efficiency (not known at which parton it will end up at interesting scale):

Sudakov Form Factor for the backward evolution: the probability of evolution without resolvable branching between two scales

T d,qu Zdyn ], . f(:l:/z,,uz)
Lo _/2 W' / ERARE e
K d

Zdyn — 1 — qﬂ/.\‘u‘F

* In PB-approach the nonperturbative sudakov form factor is naturally included (go—> 0), while in collinear parton-shower the

transverse momentum of emissions is restricted (in PY8 via zmax(Q?) and in H7 by Q)
« With different cut-off values, we can control the amount of soft radiations contributing in evolution

* What is the role of these soft gluons in collinear PDF, TMD PDF, parton shower?
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Role of soft contributions in inclusive distributions ... .,..01:c0

Performing evolution with PB method with and without q, cut
down, g = 100 GeV

— 1{]25 T T T T T T T T T T T T
M d 12 ZM ; = :ggigzntlzs_mz 0.5 GeV h 1 GeV
q . Ra) : - setl, g = 0.0 GeV, zayn with o = i
As(p) = exp ( Z/ 2 / dz z Py, (as,z)) T 10
y Jeg 947 Jo
i d 12 Zdyn
(X [ [ 0
b Jug 47 Jo -
u? da’? ™M S L
xexp | — Z/ cfz dz z Pb(f) (s, 2) e
b )‘Jlg q Zdyn E
= AP (2 ud,ad) - AN (13, 7) 1072 &
1w =
Red: PB-TMD (ZM~1) 10—4 i 1 1 1 11 11 I| 1 1 1 11 11 II |
s T LR — 7]
Blue: PB-TMD with q,=1.0 GeV (zw <1: leads distributions which are not - }‘/ I
consistent with the collinear MS factorization scheme) l 1
0.5 = 1 Lol 1 Lol [ T
Difference between curves illustrates the importance of soft contributions even for 10-3 10-2 10-1
collinear distributions (to have proper cancellation of virtual and real emissions) x
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Role of soft contributions in TMD distributions - Xiv:2300. 11802

: i :
The effect of the z, cutoff is even more visible in TMDs! down, x = 0.01, u = 100 GeV

Eﬂu E T TTTTTY | T T PIBI:'.; EEI)-HETHAIJ-:I I:éél-lré-setlz T TTTIT I T T TTTT r:
= - PB-NLO-set2-qs=0.00001 ]
> L PB-NLO-set2-qs=0.00001-Q0crd1.0 .
ﬁ 10 :_\ 3
10-2 =3 _§
10°E 3
107 E
Red: PB-TMD, q_=0.5 (z,~1) = ]
10—5_ 1 |||l|l| i 1 IIIIIII I [l lIIIIIl 1 L1 IIIII i [ |I|I|:|
Blue: PB-TMD, q,=0.0 (z,,~1: full Sudakov form factor + No intrinsic k,) 107 1 10 10° K, [Ge\}]OE
Purple: PB-TMD with q,.=1 GeV, q =0 (Z<1 + No intrinsic k) aM = Zayn =1 —qo/m

+ k;>q, is not affected by the choice of z,, , while the soft region is significantly affected
+ Emissions below q,=1 GeV are not allowed: There are contributions coming from adding vectorially all intermediate emissions
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Role of soft contributions in PB (CASCADE?3)

arXiv:2404.04088

We try to mimic directly what is happening in a collinear parton shower approach.
TMDs recalculated by imposing different qo using the starting PB-set2

q, (GeV)

Take home message:

The slope of this dependence increases with an
increase in q, (exclusion of more soft parton emissions)

| IIIIII| 1 1 IJIIIJI 1 lJIJI{

10 10° 10*
Vs (GeV)
Linear dependence of log(gs) on log(Vs) is confirmed

Higher g, — Less contribution from soft gluons — More contribution from intrinsic k+ is needed to compensate and describe DY pr
spectrum — More sensitivity to s value — Smaller uncertainty band
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Summary

Parton Branching method solves DGLAP equation at different orders, method directly applicable to determine kr distribution
Application to inclusive DY processes in pp at different energies and masses:

* Intrinsic kr distribution determined over various mass ranges (~10-1000 GeV) and CM energies (32 GeV to 13 TeV)-
consistent from q_ = 1.04 + 0.08 GeV extracted from CMS_2022

* No significant dependence observed
Importance of soft gluons established:
* essential for consistency of NLO matrix elements and PDFs,
* essential for inclusive parton densities (DGLAP required zu -1), and for TMDs (e.g. gt spectra)

Center of mass dependency of gs observed in collinear Monte Carlo Generators at different center of mass energies can be
produced with PB method (CASCADE3), if we exclude a part of soft gluon emissions.
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Outlook

Heavy bosons PDFs and TMDs are coming

Sketch of VBF process: what if heavy bosons
were considered to be inside proton?

R ]

Pel )

Left: calculation with standard QCD PDFs.
Right: calculation with EW PDFs.
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Eur.Phys.J.C 84 (2024) 2, 154

DY mass and pr from fixed-target up to LHC Eur.Phys.J.C 80 (2020) 7, 598

Well description at low and middle pr, at high pr large corrections from higher orders required

R20g: Drell-Yan /5 = 62 GeV PHENIX; Drell-Yan /5 = 200 GeV CMS, 13 TeV, DY, full phase-space
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Role of soft contributions in Parton Showers

The effect of the z, cutoff is even more visible in TMDs!

arXiv:2309.11802

All partons 0 < pr(Z) GeV Final hadrons 0 < pr(Z) GeV
'E:' = T 1 IIII| T I II| T [ II| TTT II| T TT II| TTT II| TTTTI T IEE -:-n:- = T T T T 1 "“|[| T T 111100 T "|"|[[ T 1 [[|r"|] 1 "I"r'[ T 1 r||r'|] T 1 'I'I"I:
:E 107 —— qo = 0.0001 GE‘*‘T_ E 103 = —)— o = 0.0001 GE-U;
< = —+— o =0.01GeV = 2 - —t+— go =0.01GeV 7
o6 | —t— qo = 0.1GeV i 104 £ —+— g0p=01GeV -
S fJo = 0.5GeV = = fdo = 0.5 GeV 3
‘o5 L = g =1Gev - 103 B Hadrons —— go=1GeV
104 - 10° = 3
103 - —= 107 = 3
102 k . 1 ~
C vl el 4l T | Lo . Ll 107" = il 1l ol o1 vl I ERREETTTY | APER I ATy
1074 103 107? 107! 1 10" 10* 103  10% 1004 103 102 10! 1 10! 102 103 104
qe (GeV) pt (GeV)
Transverse momentum distribution of emitted partons in initial state Transverse momentum distribution of particles in final state

Zp = Zdyn =1- q(}/lu”
Role of soft parton contributions:

Significant Impact on Inclusive Distributions: Soft partons play a crucial role in shaping inclusive distributions, especially in complete
PDFs and TMDs at low pr — particularly evident in the DY pr spectrum.
Negligible Effect on Final State Hadron Spectra: In the context of Lund string fragmentation, soft partons have minimal influence on

final state hadron spectra— no issue for the spectra of produced particles (including jets) Page 20
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Non-perturbative contribution (I): Non-pert. Sudakov form factor

Factorizing to small and large z region: Perturbative and Non-perturbative sudakov form factor

Sudakov form factors: the probability to evolve from one scale to another scale without resolvable branching
z,,,. an intermadiate scale introduced to divide the two regions with different treatments of the strong coupling

2
o d,,2 Zp 1

Ag(1°, 1) = exp ( / . (/ alo) 7= dzda(as)))
po M 0 =

Zayn(1') = 1 — qo /1

Perturbative: z <z, < q,> q,

‘u dp,ﬂ
A1, o) CXD( /2 ,2[
Ho
W d;u'r k(o
xexp( , ,2/ zl( ))
po K Jzgn(p) -z

Motivation for the use of the dynamical resolution scale:
1) To reach the same sudakov form factor of the CSS formalism.

2) To show how the non-perturbative Sudakov affects both the PDF and the TMDs by allowing really soft emissions
S. Taheri Monfared Page 21
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Validation of method with QCDnum at NLO

Is it the same as DGLAP? Yes!

3
S10?
10
1
107"
down 10_2 gluon
- u2=10GeV? 1078 - u2=10GeV?
1074 u2 = 1000 GeV? , u? = 1000 GeV?
- ~ 42 =100000 GeV 10 — u?=100000 GeV?
g‘ﬂ S e e W a T ————. o' 73
o S R ©
1.05 ‘, i =1.05
198 ettt i lsbm s e B n e 1
0.9 - 0.9
10 10 10 107 107 1 10°

Very good agreement with NLO-QCDnum over all x and Q2.
The same approach works at NNLO
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o_scale

PB-Sets are fitted to precision DIS HERA measurements using the xFitter platform (x?/dof=1.21)
Accessible in TMDIib and TMDplotter
Both having q =0.5 GeV

up, x = 0.01,u = 100 GeV charm, x =0.01,u. = 100 GeV
’E‘: 102?[”' T T T T T T Ty ,5-: 102§| i T T T T T aaE:|
— - PB-NLO-HERAI+II-2018-set1 3 = = PB-NLO-HERAI+I-2018-set1 3
;:_ i PB-NLO-HERAI+I1-2018-set2 . -:_ - PB-NLO-HERAI+|1-2018-set2 ]
‘.3-2" 102— E ‘5’ 10 =
3 E e E
107 E 107 E
[ 1= n i
107k ERN 1078 ER
F s F 19
3 18 . 18
10_3= E E 10_3F | E
s 18 g 38
C 12 - 12
10-4 |||||_1 1l Lil , 104 vl - vl ul L1 \
10 1 10 10 107 1 10 10
k, [GeV] k, [GeV]

 Significant difference at low transverasal momenta of partons
* For heavy flavors the difference much smaller since they are only generated dynamically
- PB-Set2 provides a much better description of measured Z/y p at LHC, in low-energy experiments, and of di-jet A@ near the

back-to-back region. This underlines the relevance of the angular-ordered coupling in regions dominated by soft emissions.
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Data used to test the Gauss width at various energies

No full error breakdown is available for the other measurements
All uncertainties treated as being uncorrelated and no systematic uncertainty from scale variation in the theoretical calculation

p, cut:
« Lower CM energies: limited p_({f) range — Analyzing intrinsic-k . impact across entire p_(if) range.
* Higher CM energies: Investigating up to peak region

3.0

Analysis NG Collision types | ndf )
CMS (2022) 13 TeV pp 25 2.5 1
LHCb (2022) 13 TeV pp 5
CMS (2021) | 8.1TeV pPb 5 20
ATLAS (2015) 8 TeV pp 8 . :
CDF (2012) 1.96 TeV PP 6 ERR
CDF (2000) 1.8 TeV pp 5 i
DO (2000) 1.8 TeV pp 4 1.0
PHENIX (2019) | 200 GeV PP 12
E605 (1991) 38.8 GeV pp 11 0.5 —
Total 81 y . Sulm of all mleasurementls | | | |
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75

qs [GeV]

The global x2 distribution exhibits a minimum at around q_ = 1.0 GeV, which is consistent with the value obtained from the

measurement over a wide m_, that includes a detailed uncertainty breakdown, with correlated experimental uncertainties.
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Fit of the Gauss width in pp at 13 TeV

Eur. Phys. J. C 83 (2023) 628

CMS 36.3 fb~' (13 TeV)

HMG5_aMC(0j)+CAS s Statistical

: Bl © scale
Results obtained from public Eur. Phys. J. C 83 (2023) 628 analysis - 50 <mg <76 GeV e TMD unc.

—_

1
1

« m_ = [50,76], [76,106], [106-170], [170-350], [350-1000] GeV

* Detailed uncertainty breakdown: complete treatement of experimental o T N R I
uncertainties + correlations between bins of the measurement - 76 <Mee <106 GV
* Variable: p_(Il) — analysing up to the peak in the p, range to maximize

the sensitivity to intrinsic k_ distribution

* At higher DY transverse momenta, higher order contributions in the
matrix element have to be taken into account
* We vary the q_ parameter and calculate a x> to quantify the model

agreement to the measurement.
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Scale Dependence of Intrinsic k_ Sensitivity in TMD and DY p_

Why lowest DY mass region is the most sensitive one?

CMS_2022_12079374
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In TMD perspective: as the scale increases, sensitivity to intrinsic k. decreases.
In DY p_ perspective: higher DY masses show reduced sensitivity to intrinsic k..
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CSS formalism

* Collins Soper Sterman (CSS) formalism for pt spectrum of DY producnon

do _ 4An%a? Z f d?by g by
dQ?dydg®  9Q% (2n)?

JA JB
L déy FCSS1, DY
5 fjAfA(‘EAs.u'b ijA £ b*,ﬂ-b s Mb, ,Cz,ﬂs(pb )
EA
df FCss1, by (T8
X fJB/B(gB Hb. ) 7/iB b*tlu‘b ,fib*,Cz,ﬂg(ﬂb )
g g €B

2 ’2

X exp {— _/.#Q dﬁfz
pp, M

X exp [_g‘?/sfl(mzqa b’[’; bmax) SSl (3: B, bT bmax) 90581 (st bmax) m(QQ/Qg)]

+ suppre corrections.

2
. H
Acssi(as(p'); Cr) In (#_'Qz) + Bcssi, DY(ﬂ-s(ﬂ*’);Cl;C?)] }

intrinsic kr distribution non-perturbative Sudakov form factor
intrinsic kr and non-pert Sudakov must be determined by measurements

H. Jung, QCD at the Extremes, Lecture 4, 21. March 2024

e TULIUH L VIV UL U
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Correspondence of PB — TMDs with CSS

* Check correspondence of PB Sudakov form factor with CSS

| _ 1+2z% 3 3
@ use only Py(z) inlarge z limit: Pyy(z) ~ - + 55(1 —z) — - + 55(1 — 2)
® apply angular ordering constraint for ZM zayn = 1 — qo/q

Zdyn 3
AP () = _ % / / dzP(z
s (1) eXp( 2w | 2
,u, 12
= exp (as / ar 5-2log — s —I—3 )
7

27 2 ' u'? 2
dz z Plff’) (agz))

3]

® perturbativeSudakov from PB is Sudakov from CSS
* PB give also prediction on non-pert Sudakov:

AN (2) = Xexp( Z/
,u,
o e An Page 28

dyn

H. Jung, QCD at the Extremes, Lecture 4, 21. March 2024
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Energy dependence of the intrinsic k_

Energy scaling behavior of intrinsic k. width

>
Event generation in MCs typically proceeds in several steps. 8
Firstly, the partonic process is simulated, where the kinematics are sampled according to the Parton Distribution Fu —
additional radiation, including soft gluon emissions, is generated by the parton shower algorithm. This radiation evo g
process to the initial scale pO. ro)
5
gs Vs Vs b
o
—— CASCADE3 3x10° 3
— PYTHIAS g
— HERWIG7 —
2x10°
2 x 10°
>
G
= 10°
o
¢ -1
X
100 . ’;/”ééjf’ ! I . LT 6x10
| | | - 4x10t
102 10° 10* 102

Vs [GeV]

- ~ -

Angular-ordered shower in Herwig -> more ISR contribution to DY pT -> lower int-kT value -> smaller
intercept

S. Taheri Monfared

CMS Preliminary

\\\\\\' |

— fit CP5
fit CP4
— fit CP3
fit CH3
— fit CH2
fit CAS3

\\\\\‘

102

103

t

\\\\\'

CP5
CP4
CP3
CHS3
CH2

\\\\\‘

103

104

P8+H7
x?/n.d.f. =1.27 ]
p-value = 0.106 i
CAS3 |
x?/n.d.f. = 0.71
p-value =0665  J1,p =0.423
11,p = 0.916
49, p =0.867
)7,p =0.035
_46,p =0.168
} 71
_CP5
-CH2
L CH3
104 CP3
Vs [GeV] cp4

+ MCaNLO+CAS3

| soft gluon radiation, CAS@d@ﬁ‘f&é]less sensitivity to gs value.
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Energy scaling behavior of intrinsic kT width in DY events, GEN-22-001

Goal: Tuning intrinsic kr width with different Monte Carlo Event Generators (Pythia (P8)
and Herwig (H7))

Motivation:
* Decreasing model uncertainty (e.g. in W mass measurements)
* Improving predictions on tuning side

Method:

* Data used: low pT Drell-Yan spectrum at various CM energies

* Tuned Parameter: Modeling Intrinsic kT with a Gaussian distribution, where the width
parameter is optimized.

Conclusion:
* log(intrinsic kT parameter) scales linearly with log(Vs)
* No sensitivity to the P8 and H7 UE tunes observed
* Identical slope for P8 and H7
* non-perturbative origin
* Different intercepts for P8 and H7
* lower intercept for H7 due to angular-ordered shower giving more soft ISR
emissions

Talk by Daniel Savoiu at Moriond Conference

CMS Preliminary
;‘ L“““\ : boob : tooro
o ~ — f{it CP5 § CP5 P8+H7
O, . x2/n.d.f. = 1.27
o 7 fit CP4 CP4 p-value = 0.106
©®  — fitCP3 { CP3
s fit CH3 CH3  CAS3
= _ x/n.d.f. =0.71
a | — fitCH2 { CH2 p-value = 0.665
3 fit CAS3
C
5
|_

L | o | L
102 10° 104
V's [GeV]

Collinear MC generators needs qs dependent on Vs (exceeding the Fermi motion kinematics) to describe the measurements.

PB TMDs work with rather constant q.
Why?

S. Taheri Monfared
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https://moriond.in2p3.fr/QCD/2024/ThursdayMorning/Savoiu.pdf

PDFs and TMDs fit in a nutshell

Required settings to calculate the transverse momentum spectrum of DY lepton pairs

@ Two angular ordered sets with different choice of scale in ay:

@ setl: o (evolution scale)

@ set2: a(transverse momentum): similar quality as the NLO + NNLL prediction in p,(z) description

@ TMD parametrization:

2 2 2 2 2, 2 2
fo,p(x, ki 0, 10) = fo,p(x, o) - exp(—|kT ol/207) 0" =q/2 & g3 = 0.5 GeV

Fitting procedure in a nutshell:
@ parameterize collinear PDF at pg

@ produce PB kernels for collinear & TMD distributions to evolve them to p2 > pg
[Eur. Phys. J. C 74, 3082 (2014)]

@ perform fits to measurements using xFitter frame to extract the initial parametrization
(with collinear coefficient functions at NLO)

@ store the TMDs in a grid for later use in CASCADE3 [Eur. Phys. J. C 81, no.5, 425 (2021)]
@ plot collinear and TMD pdfs within TMDPLOTTER [arXiv:2103.09741]

S. Taheri Monfared

Introducing “transverse momentum” instead
of “evolution scale” suppresses further soft
gluons at low kt.

angular ordered shower

, 6% E@EM
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What is the Parton Branching method?

Adobe Stock | #254650137

[s it only a MC
generator for

small-x?

[Phys. Rev. D 100 (2019) no.7, 074027]
[Eur.Phys.J.C 82 (2022) 8, 755]

[Eur.Phys.J.C 82 (2022) 1, 36]
[Phys. Lett. B 822 136700 (2021)]

[JHEP 09 060 (2022)]

include all &
gluon
contributio

and PB parton
shower unfold
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.074027
https://link.springer.com/article/10.1140/epjc/s10052-022-10715-0
https://doi.org/10.1016/j.physletb.2021.136700
https://link.springer.com/article/10.1007/JHEP09(2022)060
https://link.springer.com/article/10.1140/epjc/s10052-022-09997-1

Intrinsic kr
Transverse momenta of partons in incoming colliding hadrons due to Fermi motion. ’
Not calculable in perturbative QCD.
Described by phenomenological models
Modelled using a tunable parameter, q_, through a Gaussian distribution
First assuption was q_=0.5 GeV
down, x =0.01, p =50 GeV
(e - s L B
% 10 ) —

Significant effect of the intrinsic-k_at low scales

107"
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|
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S. Taheri Monfared
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Introduction: DY p. spectrum

Why small p_ region in DY?

do/dQ;, pb/GeV

60

40

20

0

DY provides a clean, high-resolution final state for better understanding of
various QCD effects.

Fred Olness, CTEQ summerschool 2003

120
100

80

/

Perturbative contributions Description of DY p. spectrum can be divided into three theoretical regions:

+power corrections

* Perturbative region: Collinear factrorization theorem suffices to describe
the hard real emissions, perturbative higher-order contributions dominant

* Transition region: Soft emissions important, no clear separation between
perturbative and non-perturbative effects!

* Non-perturbative region: Predominantly sensitive to intrinsic k. and very

p— (Wt = eve) X .
?Tzéwﬁ ) soft gluon emission

Perturbative
physics dominates

Lo b b b
5 10 15 20 25 30

Nonperturbative Q. GeV
dynamics ("intrinsic kr")

Today's Focus: Exploring intrinsic k.. contribution in PB-set2 via low p. DY data tuning.
As a first step, we'll explore the potential contributions from various processes in this specific region.
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http://www.physics.smu.edu/~olness/cteq2003/olness_dy_part2.pdf

Understanding the impact of soft gluon emissions on qs in relation to Vs

Center-of-mass energy dependence of
intrinsic-kT distributions obtained from
Drell-Yan production I. Bubanja, H. Jung,

gs Vs VS

By limiting go (minimum value of transverse momentum of emitted parton) at branchings

q0=2 ?,?-V;H

2% 100
— fit, ¥?/ndf = 0.71
-—— fit, %/ndf = 0.33

-—— fit, %/ndf = 1.52
+ MCaNLO+CAS3-q0=1E-2
+ MCaNLO+CAS3-q0=1
+ MCaNLO+CAS3-q0=2

Take home message:

The treatment of most small k

T 100

contributions in the PB method already
handled within the Non-perturbative
Sudakov form factor — only a small 6x 1071
contribution of pure intrinsic k_is needed.

gs [GeV]

4x1071
10? 103 10%
Vs [GeV]
Confirmed dependence: Linear dependence of log(gs) on log(Vs) is confirmed
Effect of q, on dependence:

The slope of this dependence increases and becomes steeper with an increase in q.

Higher q, — Less contribution from soft gluons — More contribution from intrinsic k+ is needed to compensate and describe DY pr spectrum
- More sensitivity to g, value — Smaller uncertainty band

S. Taheri Monfared Page 36



Summary

Parton Branching method solve DGLAP equaiation at different orders, method directly applicable to determine kr distribution
Application to inclusive DY processes in pp at different energies and masses:

* Intrinsic kr distribution determined over various mass ranges (~10-1000 GeV) and CM energies (32 GeV to 13 TeV)-
consistent from q_ = 1.04 + 0.08 GeV extracted from CMS_2022

* No significant dependence observed
Importance of soft gluons established:
* essential for consistency of NLO matrix elements and PDFs,
* essential for inclusive parton densities (DGLAP required zu -1), and for TMDs (e.g. gt spectra)
* soft gluons are not important for final state jets or hadrons from parton shower

Center of mass dependency observed in collinear Monte Carlo Generators at different center of mass energies can be
produced with PB method (CASCADEDJ3), if we exclude a part of soft gluon emissions.
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PB (CAS CAD E3), PYTH IA8, H E RWIG6 Energy Scaling Behaviour of Intrinsic kr in DY events,

GEN-22-001, 2024
Talk by Daniel Savoiu at Moriond Conference

CMS Preliminary
='3x 1008 " o L
_ _ _ 8 — fitCP5  § CP5 - s
Comparing three different Monte Carlo Event Generators: = fit CP4. CPa i
_ © — fitCP3 { CP3
* DY ME produced with MadGraphSMC@NLO at NLO g fit CH3 CH3 {
* proper subtraction term is applied €2x10°- — fitCH2 I CH2 {/i -
» Intrinsic k. is modeled by Gaussian distribution B v2/n.df. = 1.09 '
e p = 0.321
* No sensitivity to the PY8 UE tunes observed
* |dentical slope for PY8 and H7
* Different intercepts for PY8 and H7 10°-1% n

« AO shower in H7— more ISR— lower Intrinsic K,

V's [GeV]
Collinear MC generators needs qs dependent on Vs (exceeding the Fermi motion kinematics) to describe the measurements.

PB TMDs work with rather constant qs
Why?
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https://moriond.in2p3.fr/QCD/2024/ThursdayMorning/Savoiu.pdf
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