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Begin of the story
Discrepancy of the CP5 tune from low pT(Z) DY data (13 TeV)
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CUETP8M1 tune —» CP5 tune

Update to NNPDF
as(mz) ~0.13 pﬂ» 0.118

Less soft radiation and smear in the low pT spectrum

Drell-Yan transverse momentum deviates considerably
from the data compared to CUETP8M1

-> To improve the predictions on the tuning side
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Fix the discrepancy
Primordial kT tune based on CP5
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Primordial kT:
The transverse momenta of the partons in the
incoming colliding hadrons

— Not calculable in perturbative QCD

— Described by phenomenological models

Free parameters to determine

In PYTHIA:
Gaussian distribution of primordial KT €

Related parameter:
BeamRemnants:primordialKThard « o
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Primordial kT in partons — pT(Z)

Smear of primordial kKT 01 — low pT(Z) spectrum flattened

Primordial kT:
The transverse momenta of the partons in the
incoming colliding hadrons

— Not calculable in perturbative QCD

— Described by phenomenological models

Free parameters to determine

In PYTHIA:
Gaussian distribution of primordial KT €

Related parameter:
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Primordial kT tune strategy

Primordial kT tune:

* Fix the low pT(Z) spectrum in DY

» Hope to describe the spectrum for a wide
energy range e.g. from 1.96 to 13 TeV

» 1 parameter for primordial kT smearing:
BeamRemnants:primordialKThard

CP5 tune:

» Dedicated for underlying event (UE) description

* Tuned simultaneously for UE in 1.96 TeV, 7 TeV
and 13 TeV pp collisions

« 5 parameters in UE modeling
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Primordial kT tune strategy

Primordial kT tune:

* Fix the low pT(Z) spectrum in DY

» Hope to describe the spectrum for a wide
energy range e.g. from 1.96 to 13 TeV

» 1 parameter for primordial kT smearing:

BeamRemnants:primordialKThard
To combine ‘(}

Normally, to tune 6 parameters on UE+DY data
-> optimization in 6-dim space

CP5 tune:

» Dedicated for underlying event (UE) description

* Tuned simultaneously for UE in 1.96 TeV, 7 TeV
and 13 TeV pp collisions

« 5 parameters in UE modeling
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Primordial kT tune:

* Fix the low pT(Z) spectrum in DY

» Hope to describe the spectrum for a wide
energy range e.g. from 1.96 to 13 TeV

» 1 parameter for primordial kT smearing:

BeamRemnants:primordialKThard
To combine &

Normally, to tune 6 parameters on UE+DY data
-> optimization in 6-dim space

Harder in complexity & optimization

CP5 tune:

» Dedicated for underlying event (UE) description

* Tuned simultaneously for UE in 1.96 TeV, 7 TeV
and 13 TeV pp collisions

« 5 parameters in UE modeling
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Primordial kT tune strategy

Primordial kT tune:

* Fix the low pT(Z) spectrum in DY

» Hope to describe the spectrum for a wide
energy range e.g. from 1.96 to 13 TeV

» 1 parameter for primordial kT smearing:

BeamRemnants:primordialKThard
To combine &

Normally, to tune 6 parameters on UE+DY data
-> optimization in 6-dim space

Harder in complexity & optimization

CP5 tune:

» Dedicated for underlying event (UE) description

* Tuned simultaneously for UE in 1.96 TeV, 7 TeV
and 13 TeV pp collisions

« 5 parameters in UE modeling

Luckily, we find a short cut
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Primordial kT tune:

* Fix the low pT(Z) spectrum in DY

» Hope to describe the spectrum for a wide
energy range e.g. from 1.96 to 13 TeV

» 1 parameter for primordial kT smearing:
BeamRemnants:primordialKThard

CP5 tune:

» Dedicated for underlying event (UE) description

* Tuned simultaneously for UE in 1.96 TeV, 7 TeV
and 13 TeV pp collisions

« 5 parameters in UE modeling
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Primordial kT tune strategy

Primordial kT tune:

* Fix the low pT(Z) spectrum in DY

» Hope to describe the spectrum for a wide
energy range e.g. from 1.96 to 13 TeV

» 1 parameter for primordial kT smearing:
BeamRemnants:primordialKThard

CP5 tune:

» Dedicated for underlying event (UE) description

* Tuned simultaneously for UE in 1.96 TeV, 7 TeV
and 13 TeV pp collisions

« 5 parameters in UE modeling

CMS, 13 TeV, MB, TransMAX charged-particle density
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variation when changing primordial kT
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Primordial kT tune:

* Fix the low pT(Z) spectrum in DY

» Hope to describe the spectrum for a wide
energy range e.g. from 1.96 to 13 TeV

» 1 parameter for primordial kT smearing:
BeamRemnants:primordialKThard

CMS, 13 TeV, MB, TransMAX charged-particle density ] ] ] ]
A R Primordial kT has little impact on UE obs

CP5 tune:

» Dedicated for underlying event (UE) description

* Tuned simultaneously for UE in 1.96 TeV, 7 TeV
and 13 TeV pp collisions

« 5 parameters in UE modeling
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Primordial kT tune strategy

CPS5 tune:

» Dedicated for underlying event (UE) description
* Tuned simultaneously for UE in 1.96 TeV, 7 TeV

and 13 TeV pp collisions
« 5 parameters in UE modeling

CMS, 13 TeV, MB, TransMAX charged-particle density

g_ 2 77\ T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T \i
= L
= I
= L
= - $=¢_—0—
1.5 — :
z 7L o
S
o r _.
5 L = . ]
z C_ Envelope (CL 100.0 %)
zZ. L = —+— Data
= - —+— CPs+KT tune ]
0.5 (— —+— CP5+kT tuneup —
[« —+— CP5+kT tunedown ]
o T | | Ly | |
1.4 B \ \ \ \ _
1.3 = -
8 1.2 E-
S 115 _—mm =
el —~ ———
Qo9E E
S 0.8 E- E
07 E- E
0.6 & _
05 1 1 1 1 1 1 1 1 1 1 1 1 1
5 10 15 20
pT[GeV]

UE observable (e.g. Nch in transMAX)
variation when changing primordial kT

Primordial kT tune:

* Fix the low pT(Z) spectrum in DY
» Hope to describe the spectrum for a wide
energy range e.g. from 1.96 to 13 TeV

» 1 parameter for primordial kT smearing:
BeamRemnants:primordialKThard

Primordial KT has little impact on UE obs
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CPS5 tune:

» Dedicated for underlying event (UE) description
* Tuned simultaneously for UE in 1.96 TeV, 7 TeV

and 13 TeV pp collisions
« 5 parameters in UE modeling

CMS, 13 TeV, MB, TransMAX charged-particle density
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UE observable (e.g. Nch in transMAX)
variation when changing primordial kT

Primordial kT tune:

* Fix the low pT(Z) spectrum in DY
» Hope to describe the spectrum for a wide
energy range e.g. from 1.96 to 13 TeV

» 1 parameter for primordial kT smearing:
BeamRemnants:primordialKThard

Primordial KT has little impact on UE obs
CP5 parameters have little impact on pT(Z)
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CPS5 tune:

» Dedicated for underlying event (UE) description
* Tuned simultaneously for UE in 1.96 TeV, 7 TeV

and 13 TeV pp collisions
« 5 parameters in UE modeling

CMS, 13 TeV, MB, TransMAX charged-particle density
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UE observable (e.g. Nch in transMAX)
variation when changing primordial kT

Primordial kT tune:

* Fix the low pT(Z) spectrum in DY
» Hope to describe the spectrum for a wide
energy range e.g. from 1.96 to 13 TeV

» 1 parameter for primordial kT smearing:
BeamRemnants:primordialKThard

Primordial kT has little impact on UE obs

CP5 parameters have little impact on pT(Z)

The two parts can be factorized
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Primordial kT tune:

* Fix the low pT(Z) spectrum in DY

» Hope to describe the spectrum for a wide
energy range e.g. from 1.96 to 13 TeV

» 1 parameter for primordial kT smearing:
BeamRemnants:primordialKThard
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CP5 tune:

» Dedicated for underlying event (UE) description

* Tuned simultaneously for UE in 1.96 TeV, 7 TeV
and 13 TeV pp collisions

« 5 parameters in UE modeling

CMS, 13 TeV, MB, TransMAX charged-particle density
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Primordial kT tune strategy

Primordial kT tune:

CP5 tune: ) :
* Dedicated for underlying event (UE) description Fixthe low pT(Z) spectrum in DY :
» Hope to describe the spectrum for a wide
« [Tuned simultaneously for UE in 1.96 TeV, 7 TeV
energy range e.g. from 1.96 to 13 TeV
and 13 TeV pp collisions : : :

» 1 parameter for primordial kT smearing:

* 5 parameters in UE modeling BeamRemnants:primordialKThard
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Primordial kT tune strategy

Primordial kT tune:
CP5 tune: . v
* Dedicated for underlying event (UE) description . Eix1he low pT(Z)} spectrum 0 D :
« [Tuned simultaneously for UE in 1.96 TeV, 7 TeV Hope to describe the spectrum for a wide
energy range e.g. from 1.96 to 13 TeV
and 13 TeV pp collisions » 1 parameter for primordial kT smearing:
« 5 parameters in UE modeling P P 9

BeamRemnants:primordialKThard
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Primordial kT tune strategy

Primordial kT tune:

CP5 tune: . v
* Dedicated for underlying event (UE) description . Eix the low pT{Z) spectrumin D :
« [Tuned simultaneously for UE in 1.96 TeV, 7 TeV Hope to describe the spectrum for a wide
energy range e.g. from 1.96 to 13 TeV
and 13 TeV pp collisions : . .

» 1 parameter for primordial kT smearing:

* 5 parameters in UE modeling BeamRemnants:primordialKThard

Can we have a universal primordial kT parameter for all the energies?
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, Primordial kT tune:
CP5 tune: . v
* Dedicated for underlying event (UE) description . Eix1he low pT(Z} spectrum 10D :
« [Tuned simultaneously for UE in 1.96 TeV, 7 TeV Hope to describe the spectrum for a wide
energy range e.g. from 1.96 to 13 TeV
and 13 TeV pp collisions -

» 1 parameter for primordial kT smearing:

* 5 parameters in UE modeling BeamRemnants:primordialKThard

Can we have a universal primordial kT parameter for all the energies?
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, Primordial kT tune:
CP5 tune: + Fix the | 1(2) I DY
* Dedicated for underlying event (UE) description . :
« [Tuned simultaneously for UE in 1.96 TeV, 7 TeV Hope to describe the spectrum for a wide
energy range e.g. from 1.96 to 13 TeV
and 13 TeV pp collisions

» 1 parameter for primordial kT smearing:

* 5 parameters in UE modeling BeamRemnants:primordialKThard

Can we have a universal primordial kT parameter for all the energies?
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, Primordial kT tune:
CP5 tune: « Fix the | 1(2) I DY
* Dedicated for underlying event (UE) description . :
« [Tuned simultaneously for UE in 1.96 TeV, 7 TeV Hope to describe the spectrum for a wide
energy range e.g. from 1.96 to 13 TeV
and 13 TeV pp collisions

» 1 parameter for primordial kT smearing:

* 5 parameters in UE modeling BeamRemnants:primordialKThard

Can we have a universal primordial kT parameter for all the energies?
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Primordial kT tune strategy
CP5 tune: Primordial kT tune:

* Dedicated for underlying event (UE) description Y

« [Tuned simultaneously for UE in 1.96 TeV, 7 TeV " |Hope to describe the spectrum for a wide
energy range e.g. from 1.96 to 13 TeV
and 13 TeV pp collisions . . —
. 5 parameters in UE modelin » 1 parameter for primordial kT smearing:
P 9 BeamRemnants:primordialKThard

Can we have a universal primordial kT parameter for all the energies?
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CP5 tune: Primordial kT tune:

* Dedicated for underlying event (UE) description Y
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Can we have a universal primordial kT parameter for all the energies? x
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Solutions

» Keep the CP5 parameters in the primordial kT tune < they have little effects on DY pT(Z)
» For description of DY processes in different energies

* Tune the primordial KT individually

« Different primordial kT parameters for DY MC in these energies

Tuned BeamRemnants:primordialKThard

Center of mass energy Experiments (default 1.8)
38.8 GeV NuSea pp collisions 0.988 +- 0.026
62 GeV R209 pp collisions 1.24 +- 0.06
200 GeV PHENIX pp collisions 1.47 +- 0.11
1.96 TeV DO p+p- collisions 1.96 +- 0.13
7 TeV CMS/ATLAS pp collisions 2.55+-0.11/2.47 +- 0.10

13 TeV CMS pp collisions 248 +- 0.05
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Improved description of DY pT(Z)

38.8 GeV pT(Z->ll) in various dilepton mass ranges
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Improved descrlptlon of DY pT(Z)
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—— CP5+default primordial kT
—— CP5 + primordial KT tuned with CMS data
—— CP5 + primordial KT tuned with ATLAS data
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Improved description of DY pT(Z)
7 TeV pT(Z->up), pT(Z->ee) from ATLAS (Ieft) and CMS (right)

Z p, reconstructed from dressed muons Z p, reconstructed from dressed electrons Z boson pr with dressed muons Z boson pr with dressed electrons
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Energy dependent primordial kT broaden

What we observe from the tune

Center of mass energy 1 BeamRemnants:primordialKThard (width of kT distribution) 1
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Energy dependent primordial kT broaden

» Theoretical indications for this observation
» Are there any models that explain this kT scaling with center of mass energy?

» Primordial kT modeling in generators
« Can we have energy-dependent primordial kT parametrization in generators?
- Tune to the slope and intercept of kT width - log(V's) dependence instead
» Able to extrapolate the parameter to higher energy MC
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Summary & To-do list

We have observed the primordial kT & UE factorization for the the Pythia 8 parameters sensitive to them
» Perform primordial kT tune without changing the UE parametrization

Non-universal primordial kT distribution width for different energies
» Primordial KT tune for individual energies
* Energy dependent tune

To-do

 Validate the primordial kT tunes for all the energies (description for UE and other processes)

» Check the situation for other generators -> Can we see the same dependence relation?

* Energy-dependent primordial kT parametrization in Pythia -> need the input from the generator group
» Explore the theoretical explanation or indication -> need the input from theorists

13
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Backup

Primordial kT parameters in Pythia 8
https://pythia.org/latest-manual/BeamRemnants.html
Primordcia! kT

The pd'ncrdu KT et lrmscc- of ham scahe-no subeys:w are -elemd aoowin; 1o Gauesian distibutions i p_x and p_y sapacately. The widths of thess
: G : : > 5Cal8 3 34 © b me3s cf the whole subgystem defined by the twe initislors:

SR E : SRER T{a[E : SRR rsuneequarl mulipartcn Inlarectiors, m tha maas of tha
5y stcn. and ..an-a soft, ..rgm hand Q_hcv m_| w"an: I’ dw p.ramcbcr' dcﬁncd below. Fuhemere cach separatey defired beam remnant has a
distribLticn of width soma_ramn, indezenderily of Kinamateal varables.

Ivsis 30 thel LHE evenls wilh lowp T exlre jels (e.g. in Lhe oenlexl ol POWHEG-slye

Nole Lhal, for exlemal (LHE | evenls O naVis bealed as zec,

flag BeamRemnants:primordialKT (defsult = on)
Allcw or not seecticn of prmergial kT accord rg to the psrameler valuss telow.

parm BeamRemnants:primordialKTsoft (default « 0.9 minimun « @.)
The widlh ygma_sef n ibe above ecuation, assgned qes s prerarc@l &7 ko nibators i the soft-inlemclion Bm t.

parm  BeamRemnants:primordialKThard {cefault = L& minimum = B.)
The widih egma_narg I the ebove aquation, 3esigned &35 a primandiz! KT 0 Irkiawes in the hard-intsraction limit.

parm  BeamRemnants:halfScaleForKT (defaull = L.5; naninum = 2.)
The ecals U haln the equetcn above. defirng the nall-vey pont between hard and safl interacliona, For exdemsl (LSE) avenls. this parsmmaler 13 realed
asreMm.

parm BeamRemnants:haltMassForKT (cefault = L. minirum = 8.)
The seale m_hzVin the ezuation azove, defining the halway pdnl between low rass and high-mass subsysiens. (Kinemaltics corstruction can ezsiy fail if
a evslam (e 2selgrad a primandizl K7 value higher than Itle mass, 50 the Maee-dzmpaning & iInended 10 reduca soma Troublee |ater on.)

parm BeamRemnanta:reducedKTatHighy (default = @.5 minimum = 4. naximum = 1.

Fer a system of mass m and ensrgy £ the dampening facker v damp abave is dafined as v _damo = gowl Em, r_red), where r_rod 15 the current parameter,
The eftact 13 tn reduca the primondial KT of low-raas eystame exira mush it thay 2ra at larga razidilies (rezel that Sm = coal(y) betora &7 I8 edded). The
resacn kor ths damgening & puraly lechnical, and for resacnabés va ues ahoukd ncl have drameiic coneequences ovarsl.
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