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SIDIS process in a Monte Carlo Event Generator
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SIDIS process in a Monte Carlo Event Generator
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Hadronization

e A model must be utilized
Lund string Model (Pythia, Lepto,..)
cluster model (Herwig,..)

e Can be used to simulate FFs
1h, 2h or more exclusive final states
* No spin by default!
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Polarized SIDIS process in a Monte Carlo Event Generator ~ the goal

ll

Hadronization

¢ A model must be utilized
o Lund string Model (Pythia, Lepto,..)
hadronization cluster model (Herwig,..)

e Can be used to simulate FFs

1h, 2h or more exclusive final states
* No spin by default!

Unpol. FF D Unpol. DiFF D7}

O—’O O—>8 |

u U

beam remnants

¢ Including the spin of q
it 4 Collins FF H{Y *  DiFF H{J™ Hipt

PDFs input to the generator T o Gy

e £,7(x, Q%) used to generation x, Q?, struck quark flavor O

e intrinsic l_c>T treated as part of beam remnants L
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Polarized SIDIS process in a Monte Carlo Event Generator ~ the goal

ll

beam remnants

PDFs input to the generator
e £,7(x, Q%) used to generation x, Q?, struck quark flavor

hadronization
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e intrinsic I_ET treated as part of beam remnants

Once spin effects in hadronization are treated correctly
— other (TMD) PDFs can (in principle) be included
— possible to simulate the rich structure of azimuthal

asymmetries in SIDIS

g\N u L T
u f; fi7
L g1 g1t
T hi hiy, hy, hiz
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Hadronization

e A model must be utilized
Lund string Model (Pythia, Lepto,..)
cluster model (Herwig,..)

e Can be used to simulate FFs
1h, 2h or more exclusive final states
* No spin by default!

Unpol. FF D}, Unpol. DiFF D}
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¢ Including the spin of q
Collins FF Hi ¢ DiFF Hg® Hig"
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Polarized SIDIS process in a Monte Carlo Event Generator ~ the goal

ll
[ Hadronization
e A model must be utilized
Lund string Model (Pythia, Lepto,..)
hadronization cluster model (Herwig,..)
l_ _______________ 1 .o
. R q h, | e Can be used to simulate FFs
______ ! q’ I 1h, 2h or more exclusive final states
h, | *No spin by default!
! Unpol. FF D Unpol. DiFF D{%
: o— O o— 8 (
I I v u
I beam remnants '
: > hy | ¢ Including the spin of q
e e e e —————— J Collins FF Hy *  DIFF Hig* Hig*
O - e O__. .0
. e R B
PDFs input to the generator DiFF Gy,
. f1q (x, Q%) used to generation x, Q2, struck quark flavor @) O
e intrinsic I_ET treated as part of beam remnants (E’H O~ 0
Once spin effects in hadronization are treated correctly * evolution effects: spin in parton showers
— other (TMD) PDFs can (in principle) be included S€€ €.8. Richardson, }Nemten E.PJ' C (2020) 89:83.
— possible to simulate the rich structure of azimuthal — still no match with polarized hadronization
asymmetries in SIDIS
aN| U 1 S polarized hadronization model is crucial
u £, 17 — must start from here!
L g gir understand hadronization, implement in MCEGs
U hi hi, | hy, hiy
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Current models of polarized hadronization

— The string+3P, model q hy
* recursive model hz
hy
4
AK, Artru, Belghobsi, Bradamante, Martin, PRD97 (2018) 7, 074010 recursivity :
AK, Artru, Belghobsi, Martin , PRD100 (2019) no.1, 014003 \ 4
AK, Artru, Martin, PRD104 (2021) 11, 114038

«elementary splitting»
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Current models of polarized hadronization

— The string+3P, model
* recursive model q h,
* based on the Lund Model

hy
4
AK, Artru, Belghobsi, Bradamante, Martin, PRD97 (2018) 7, 074010 recursivity :
AK, Artru, Belghobsi, Martin , PRD100 (2019) no.1, 014003 \ 4
AK, Artru, Martin, PRD104 (2021) 11, 114038

«elementary splitting»
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Current models of polarized hadronization

— The string+3P, model
* recursive model q h, h,
* based on the Lund Model

(respects quark-Line Reversal symmetry)

<y

hy
4 .
AK, Artru, Belghobsi, Bradamante, Martin, PRD97 (2018) 7, 074010 recursivity :
AK, Artru, Belghobsi, Martin , PRD100 (2019) no.1, 014003 \ 4 0."
AK, Artru, Martin, PRD104 (2021) 11, 114038 2

«elementary splitting»
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Current models of polarized hadronization

: Lo—h Lo— h
— The string+3P, model 1 1
* recursive model q h, h,
* based on the Lund Model
(respects quark-Line Reversal symmetry)
* spin effects via 3P, mechanism

<y

hy
4 .
AK, Artru, Belghobsi, Bradamante, Martin, PRD97 (2018) 7, 074010 recursivity :
AK, Artru, Belghobsi, Martin , PRD100 (2019) no.1, 014003 \ 4 0."
AK, Artru, Martin, PRD104 (2021) 11, 114038 2
P, h

P «elementary splitting»
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Current models of polarized hadronization

_ q n q n
— The string+3P, model 7 1 e

* density matrix formalism to propgate spin effects hN
* PSmesons, VM 'y
AK, Artru, Belghobsi, Bradamante, Martin, PRD97 (2018) 7, 074010 recursivity :
AK, Artru, Belghobsi, Martin , PRD100 (2019) no.1, 014003 \ 4 0."
AK, Artru, Martin, PRD104 (2021) 11, 114038 2
P, h

recursive model q h, h,
based on the Lund Model

(respects quark-Line Reversal symmetry)
spin effects via 3P, mechanism
formulated at the amplitude level

P «elementary splitting»
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Current models of polarized hadronization

— The string+3P, model

AK, Artru, Belghobsi, Bradamante, Martin, PRD97 (2018) 7, 074010 recursivity :
AK, Artru, Belghobsi, Martin , PRD100 (2019) no.1, 014003
AK, Artru, Martin, PRD104 (2021) 11, 114038

— The quark-jet model

see e.g. Matevosyan, Kotzinian, Thomas, PRD95 (2017) 1, 014021

recursive model

based on the Lund Model

(respects quark-Line Reversal symmetry)

spin effects via 3P, mechanism

formulated at the amplitude level

density matrix formalism to propgate spin effects
PS mesons, VM

recursive model
generalization of Field-Feyman fragmentation model ﬁ
field-theoretic calculation of elementary splitting il
functions (T-even and T-odd functions treated differently)

density matrix formalism to propagate spin effects

spin effects for PS mesons

a p
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Current models of polarized hadronization

— The string+3P, model |:> next slides

* recursive model
* based on the Lund Model
(respects quark-Line Reversal symmetry)
* spin effects via 3P, mechanism
* formulated at the amplitude level
* density matrix formalism to propgate spin effects
* PSmesons, VM

AK, Artru, Belghobsi, Bradamante, Martin, PRD97 (2018) 7, 074010 recursivity :
AK, Artru, Belghobsi, Martin , PRD100 (2019) no.1, 014003
AK, Artru, Martin, PRD104 (2021) 11, 114038

— The quark-jet model

* recursive model

* generalization of Field-Feyman fragmentation model ﬁ

* field-theoretic calculation of elementary splitting il
functions (T-even and T-odd functions treated differently)

* density matrix formalism to propagate spin effects

* spin effects for PS mesons

see e.g. Matevosyan, Kotzinian, Thomas, PRD95 (2017) 1, 014021

a p
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Elementary splitting in the string+3P, model

hip=k—-k) pt =Zk* ,
Il pr = kr — k7

!

p(q') «— . ~— p(q)
gy T (k)

M19: Emission of a PS meson (7, K, n,7n’)
AK, Artru, Belghobsi, Martin , PRD100 (2019) no.1, 014003

i) Introduce the Splitting Amplitude (2X2 matrix)
1/2 )
Tq',h,q(Z'pleT) = FLﬁndthx(M + 0,0 - k)

coupling 3P0 wave func.

ii) Generate h according to the Splitting Function
_ T
Fq’hq (Z; pT|kT;Sq) =1t Tq’,h,q p(Q) Tq’,h,q

iii) Calculate the density matrix of g
p(@) X Ty pq P(D T,

Couplings:

[, = o, — PS meson
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Elementary splitting in the string+3P, model | r |
Iy I
i h, \ hy !
hip=k—k) p* =Zk* i i
! < 1 1
Il pr = kr — kg D | My |
/ A
p(q) «— . ~ p(q) I T p(h)
/
gk heT T gk plg) «— ~— p(q)
— I g
M19: Emission of a PS meson (7, K, n,7n’) M20: Emission of a VM (p, K™, w, ¢)
AK, Artru, Belghobsi, Martin , PRD100 (2019) no.1, 014003 AK, Artru, Martin, PRD104 (2021) 11, 114038
i) Introduce the Splitting Amplitude (2X2 matrix)
i) Introduce the Splitting Am;f/liztude (2X2 matrix) T;,’h’q (M, Z,pr, splky) = Fi{ﬁldx[‘hy (u+ 0,0 k)
Tq',h,q (Z; pleT) = FLundXth(.u + 0,0 - k%‘)
coupling 3P0 wave func. use the recipe of Collins ‘88 and Knowles ‘88 to
ii) Generate h according to the Splitting Function
ii) Generate h according to the Splitting Functiczrn Fyng (M, Z,pr |kT,sq) = tr T;’,h,qp(q)T;Il,q
Fong(Z,prlke,Sq) = tr Ty p 0 p(q) Ty hg iii) Calculate density matrix of h
| o povi() ccer TS, p() T
iii) Calcula:ce the density matrJr|x of q iv) Simulate the polarized decay
p(q) < Ty g P(@) Ty y AN /dQ o< My Pyy M,
v) Bring decay information back to g’
Couplings: Dyry = M, M,
I, = o, — PS meson vi) Calculate density matrix of ¢’
Ty = G Vi1+ GyVy - o0, = VM with pol. V p(q") = Dyy, T;,’hqp(q)T;,Thq
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The free parameters of the string+3P, model

3p
Spin effects K
complex mass u from 3P, wave function l s
Im(u) - T spin effects (Collins, dihadron) O_TI)sq

Re(u) — L spin effects (jet-handedness)

CPHI-2022 Albi Kerbizi (INFN Trieste)
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The free parameters of the string+3P, model

: 3P,
Spin effects e kg
complex mass u from 3P, wave function s b
Im(u) - T spin effects (Collins, dihadron) °_‘T\I)sq ('o-—o
Re(u) — L spin effects (jet-handedness) k' T
_, ks
q
Coupling to VM _———— (~°_qi) O---
G; — VM with L pol. along the string axis k7] X A
b)V=RQor2 JA_Z
: y
Gr = VM with T pol. w.r.t the string axis -k’ Ky
e ()_l_ ) O===
q’ q
c)V=y9¢
CPHI-2022
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The free parameters of the string+3P, model

: 3P,
Spin effects e kg
complex mass u from 3P, wave function s b
Im(u) — T spin effects (Collins, dihadron) °_‘T\I)sq (o-—o
Re(u) — L spin effects (jet-handedness) k' T
-, ks
q
Coupling to VM _———— (~°_qi) O---
G, — VM with L pol. along the string axis -k} X
b)V=Qor?2 JA_Z
: y
Gr = VM with T pol. w.r.t the string axis -k’ Ky
-—=-9 o—l) o---
T d
Effective parameters for VM production c)V=19
) > _ vm _ | 0.62light mesons. _ _
|GLI* +21Gr]” = PS {0.725 strange mesons = asin Pythia 8
|G /Gr| — spin alignment, Collins effect of the VM
T fast
0,7 = arg(Gy,/Gt) — oblique polarisation 'j ,
‘O\Q 90(\
'ITS|0V\‘I/ OQ
CPHI-2022 Albi Kerbizi (INFN Trieste)

18



The free parameters of the string+3P, model

. Py
Spin effects e kg
complex mass u from 3P, wave function s b
Im(u) - T spin effects (Collins, dihadron) o \'i)sq <T°/,x d
Re(u) — L spin effects (jet-handedness) k' T
_, Ky
q
Coupling to VM -——— (p—ql) o---
G; — VM with L pol. along the string axis -k’| X .
b)V=Qor2 JA_Z
Gt — VM with T pol. w.r.t the string axis —k'f ks g
----9 o—l) o---
¥ d
Effective parameters for VM production c)V=9¢
9 > _ vm _ | 0.62light mesons. _ _
|GLI* +21Gr]” = PS {0.725 strange mesons = asin Pythia 8
|G /Gr| — spin alignment, Collins effect of the VM
 fast
0,7 = arg(Gy,/Gt) — oblique polarisation > -
/ 60\\0‘\;%&
T slow Qé\
+ Parameters for spin-less Lund splitting Function Following slides, .5|mulat|ons with R
—parametrize the string decay process (see backup slides) u quarks with full T pol. along y

no primordial kp
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Effect of VM production on TSA

M19 = only PS
_ _ M20 = PS, VM
Collins analysing power
T amoMI9 AT
+ 05 an-M20 , Af;% -
<« L A A 3 JANIAN A A
S ngat Aﬁﬁff“émﬁ
aAt D Aad o
Oﬁ <.) (.) ® e o _¢o° .8 |
i ©o 4 (0) ° Q:O()Q
_0.5; (:)TE+M]9 O <.> L )
et M20 e
0 02 04 06 0.8 02040608 1 1.2

Z P, (GeV/c)

Different trends as compared to M19
Dilution of about 50%

Large effect on Collins
— VM important to understand how the observed asymmetries arise
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auT - h+X

Effect of VM production on TSA

M19 =
. . M20 =
Collins analysing power
A MI9 AR §
[ i N [
05 am MZZAA‘;+
H A L A A A
| AAAA AAAQQQA%@@
L é A A A AA ° [
Oﬁgo... ””””””””””” o o J*
00, e, oe® ™ o
| dlC) OnO
_0 5; (:)‘TC+M]9 O <.> -
et M20 e

0 02 04 06 08

02040608 1 12
P, (GeV/c)

Different trends as compared to M19

Dilution of about 50%

only PS
PS, VM . .
Di-hadron analysing power
> [
: I 0
= 0 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, g
< i .0.. ° .O.Q.. p
T COOO (] O‘ ..
< 02 O ] i Qf?%::;») ® .
N 0 . 05§
0.4 © -
—06: eM20 o i
7\9\1\4\]\9\\\\\\\\\\\\\\7”HMH‘M\H\HH\HH
0 02 04 06 038 05 1 15 2 25
<

Large effect on Collins and dihadron analysing powers
— VM important to understand how the observed asymmetries arise
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M, (GeV/c?)

VM decays do not contribute to the 2h asymmetry
(decay symmetric w.r.t R & —R)
50% dilution w.r.t M19

— stronger dilution around p°
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Comparison with SIDIS data

Different combinations of free parameters

(5
oo (15
fTL'
2
HLT = < 0
T
_|__
| 2

CPHI-2022
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L pol. VM
T, L pOl VM  fast
T pol. VM -
2 z
AN
VM with obligque pol. T iy °‘; 4
VM with no oblique pol. o slow
VM with oblique pol. ™
—\—_>Z
N

 fast
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Comparison with SIDIS data

= - M20 it/ W - . . .
S UGG =s - COMPASS,  ooizyse | Different combinations of free parameters
< 005 --1G,/G,l =1 L em
GG = 1/5 AT A

T

A
_O
o
9]
T T T T ‘ T T T

|
=
@)
(V)]
L I B

or

-0.05 — more precise data needed to fix the free parameters

0 02040608 05 1 15

z p, (GeV/c)

GL
= =<
3

HLT=<

(5 L pol. VM

MC scaled by a constant for each combination
Large variations for different values of |G, |/|G7| and 6,
— both parameters important

h|nt fOf‘ |GL/GT| = 5, 9LT = _7-[/2

|GL/GT| =1,0,7=0

comparison with 2h asymmetry OK
less sensitive to |G, G| and 6,1
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1 T, L pol. VM
k1/5 T pol. VM
f— > VM with oblique pol.
0 VM with no oblique pol.
Vs

+ > VM with oblique pol.

 fast

z
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N

 fast
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Collins effect for p mesons

>
L0805 /G,I=5
0 I op? [
«— 06f - [
< 00 ap =
S04p o gl
: [ ] 0 0 " 6 _5".‘.".- ___________
02; 555 = DDDE
— — &
():«!fQ—A——A———A——A—l——;——;———f:————A—A—l———A——k—A——‘——@—é @
S :‘ P S U NS N PO N SO B B |
£ 080 G,/GI=1
T
< 06F -
IS
04 -
0.2 ga!@% - sen, ;iz%
T4 L pliaaleng?
SIRA: B AN
£ 080  G,/G,I=15
T
<« 067 [
S
04f -
o2 st el
ola. awwafﬁﬁag ,,,,,,,,,,,

0 02 04 06 08

<

02040608 1 12

P, (GeV/e)

— Opposite sign w.rt Tt
(in agreement with Czyzewski ‘96)
— Strong dependence on |G, /G|
— both size and shapes change
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Collins effect for p mesons

% 08 ep- r T amoMIY 5L
? I op? GL/G =2 + 050 ”‘_MZOAAﬁ;+
(—06}Ap* } < [ AA A AAAA A
Soar Lentd s gaatt BTRLRRIY
a: o2 e S O e eee. ] T e T
02F 555 - o0 DDDE ------------------- f"v*co‘i»::O I .!.:
! i ) - "9 .e [ 70O
();l,Q,ANAﬁLAJ—I—— —AAAAArA‘@é@ 0.5} on"MI9 °g ol
P R AU R AN BN B R R A | 7.TE+M20 =l
>< . - P T (N N I O T N T N (N N N O VN VI VI VY I S SOV VIR |
e 0-8; IG, /G| =1 a 0 02 04 06 08 02040608 1 1.2
Josl d z p. (GeVic)
S04r - _
N IS I COMPASS preliminary
0.2r b $si @% . 04r , 0 !
a® (R N < — : .
Cepezet?t % Caplffreng po | oo
C =
r E E 02 - -
S I I I 1 L 7 -] *

108 GG I=15 | < + %+§ . +++ . + +
o6 - Op T + ””””””””” ++ ”””””””””” % ”””””
3047 7 _0.2;“\‘\\ | . ‘—ww\\ww\\ww\\\w—\ww\uw\uw&uhuhu\u\
oot (adi I iig @f 1072 10 04 06 08 02040608 1 12

[ [ A
Oiawwa?mﬁ““ ,,,,,,,,,,, X ¢ Pr (GeVie)
0 02704 06 085 02040608 1 12 First measurement by COMPASS
b4 p. (GeV/c) . |G
T —>H|ntfor|G—L|>1?
T

— Opposite sign w.rt Tt
(in agreement with Czyzewski ‘96)
— Strong dependence on |G, /G|
— both size and shapes change

— Measurements feasible
more precise data are needed,
eTe™ data would be wellcome!
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Comparison with e*e- data

Comparison with Collins asymmetries for back-to-back pions
measured recently by BELLE

BELLE, PRD 100, 092008 (2019)

N_+ -+ N_-_+
RUL —_T T T ~1+ AV cos
12 Nn-"'n"' +Nn—7-[— (¢1 ¢2)

The AYZ(z, pr) asymmetry can be written as

sin? 6 5 +5a?+2a’? S5a+a’?
A% (z,pp) = (———5) % |/ (z,pp)| % )
1+ cos? 6 5 +5B2+2B8'2 5B+ B2
l—Y—J J
=2,=7 Collins analyzing power iso0SDil + cvhar e congi.
Pir = Par = Pr 0.91 for fav. fragmentation P g J

a= Hlfav/Hlmfav 0.” _ unfav/Hunfav

_ punfav unfav
B =D /D" =Dy /Dy

BeIIe data corrected for charm production
A has been evaluated using M20 (cuts as in data, MC not rescaled)
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Comparison with e*e- data

Comparison with Collins asymmetries for back-to-back pions

P r
ST GG, =5 il o
<03 - FALPREL measured recently by BELLE
GYGrlis e BELLE, PRD 100, 092008 (2019)
0 2 ; [ ] BELLE ,?.'-" L

_ N+~ + N -+

— ~1+ A cos
Ve (¢1~ b2)

The AYZ(z, pr) asymmetry can be written as

fav 5 +5a% +2a'? S5a+a’?
|a (Z pT)| 5 + Sﬁz + Zﬁlz Sﬁ +ﬁ,2)
)

¥
isospin + charge congj.

sin? 6
1+ cos? 0
l—Y—J

Ag’ZL (Z' pT) =

n=2=2z Collins analyzing power

Pir = Par = Pr 0.91 for fav. fragmentation
a= Hlfav/H;mfav 0.” _ unfav/Hunfav

_ punfav unfav
B =D /D" =Dy /Dy

BeIIe data corrected for charm production
A has been evaluated using M20 (cuts as in data, MC not rescaled)

— satisfactory description for |—| =5,0,7 = ——and | | = 1,0;r = 0 as for SIDIS data
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A new di-hadron asymmetry

VMs do not contribute to the standard dihadron asymmetry
They contribute to the z-ordered di-hadron asymmetry, namely

atT=Mhha*X = 2(sin(¢p — ¢s,)), Ry = Zp17/2 — 21P2r/2, 71 > 7z (z-ordering)
— Due to the oblique polarization which depends on 6,

z-ordered 2h analysing power in the decay p0 > natn~
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A new di-hadron asymmetry

VMs do not contribute to the standard dihadron asymmetry
They contribute to the z-ordered di-hadron asymmetry, namely
atT=Mhha*X = 2(sin(¢p — ¢s,)), Ry = Zp17/2 — 21P2r/2, 71 > 7z (z-ordering)

— Due to the oblique polarization which depends on 6,

z-ordered 2h analysing power in the decay p0 > natn~

B i T r
+ h.h
<050 16,6, =5 i i .
? ©/G,/G,l=1 o °
il 101G, 1G] = 1/5 | ;| ) =R
= L I I )
S O@@DHQDDD%QEEWQE ,,,,,,,, %gégggoé
r @g. [ F @Q o) H
Qo ° ° I °© o 0 I
i o o | I
_05;9LT=_7I/2 © 9 10,=0 1 0,, =+m/2
vy e e b by by by e B b e b b
02 04 06 08 02 04 06 08 02 04 06 08
Z]2 Z]2 7
T slow

/nfast \
——’?——n ——\—% z

o : N
P 0@\2\@600 Relevant to study the oblique polarization of VMs \
mslow < — asymmetry still large below the p° region 1T fast

— interesting measurement in SIDIS and ete™
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Interface of the string+3P, model to PYTHIA hadronization

The simulation of complete scattering events requires many physics ingredients
(PDF, hard scattering, parton showers, hadronization, decays .. )
Existing general purpose event generators include all these effects (for spin-less processes)

— introducing spin effects on top of them as an external additional feature is very convenient

decoupled from new releases of the generator
must be done systematically, and with compromises

CPHI-2022 Albi Kerbizi (INFN Trieste)
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Interface of the string+3P, model to PYTHIA hadronization

The simulation of complete scattering events requires many physics ingredients
(PDF, hard scattering, parton showers, hadronization, decays .. )
Existing general purpose event generators include all these effects (for spin-less processes)

— introducing spin effects on top of them as an external additional feature is very convenient

decoupled from new releases of the generator
must be done systematically, and with compromises

ll

[

_’—

StringSpinner:
an external «plug-in» which interfaces string+3P, with PYTHIA
8.2 for SIDIS

AK, L. Lénnblad, CPC 272 (2022) 108234

hy
- / \ PS
— ISR/FSR switched OFF q n

-

— spin effects in string fragmentation to PS mesons - 2 mesons

— parametrizations of transversity PDFs introduced
(for u? and dV, can be changed by the user)

— also possible to chose the quark polarization by hand (analysing Sp'_ittinfpf°"°‘”i"g
power) h string+°Py
N

£ (x, Q%) from PYTHIA
hf (x) parametrization
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Transverse spin asymmetries from StringSpinner

Simulations of SIDIS off protons in the COMPASS kinematics
(no intrinsic kp, 4 = (0.78 + i0.38) GeV/c?)

Collins asymmetry from StringSpinner

o § é ® 5+ Pythia+3P0 O 7+ COMPASS PLB 717 (2012) 376

< | | A 7- Pythia+3P0 | A n- COMPASS
0.05 \ gé é

ok é@g&.éﬁé‘é ,,,,,,,, if Mﬁé?éé,,@ ,,,,,,,,

CH %o ¢ g©995
-0.05} *e ¢ -
02 100 020406 08 05 1 15
Xp 2, p., (GeVic)

» Satisfactory description of TSA
.. promising tool!
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Code of StringSpinner available in
https://gitlab.com/albikerbizi/stringspinner.git
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Transverse spin asymmetries from StringSpinner

. . . . . Code of StringSpinner available in
Slmulatloniof SIDIS off protons in the COMPASS kinematics https://gitlab.com/albikerbizi/stringspinner.git
(no intrinsic kt, u = (0.78 + i0.38) GeV/c?)

Collins asymmetry from StringSpinner from Standalone MC

= S 7 COMPASS
S ® 5+ Pythia+3P0 O n+ COMPASS PLB 717 (2012) 3 A 7 COMPASS
iﬁb 005k éé | A n- Pythia+3P0 | A - COMPASS EEO 05p ¢ T i r 4}
i ﬁ%&‘g_ég@ ffffffff i ;@m“ég ,,,,,,,, VIR SN PN
% %o ¢ ey ® . q;g)_{) 3 % NEDTTE T
0.05 *e e
-0, %
~0.957 MC rescaled % I

1072 10- 020406 08 0.5 1 1.5 012 0.‘4 O.‘6 ()I.8 0'.5 i 1'.5

Xp 2, p., (GeVic) z, p(GeVic)

» Satisfactory description of TSA
.. promising tool!

CPHI-2022 Albi Kerbizi (INFN Trieste) 33



Transverse spin asymmetries from StringSpinner

. . . . . Code of StringSpinner available in
Slmulatloniof SIDIS off protons in the COMPASS kinematics https://gitlab.com/albikerbizi/stringspinner.git
(no intrinsic kt, u = (0.78 + i0.38) GeV/c?)

Collins asymmetry from StringSpinner from Standalone MC
~ O nt COMPASS
QE é ® 5+ Pythia+3P0 O n+ COMPASS PLB 7117 7 (2012) 3@ A 7 COMPASS
< 005+ é | A n- Pythia+3P0 | A - COMPASS 0.05p- = MC ; L 4}
it ; bk 44@“‘ P %
it L i atdidl 3 NP LIt
-0.05} é : '%-
~0.05 MC rescaled I
02 10- 0.2 04 0.6 0.8 05 1 15 05 0T 0 0% s
Xp 2, p., (GeVic) z, p(GeVic)
Dihadron asymmetry from StringSpinner from Standalone MC
~ 0.02
é\ 0-Ir o StringSpinner | < 2 ;%MPASS I
¢’y 005 % . ® COMPASS pLB 736 (2014) 124 < 0 i
g
P

i £s 443, RIT, b L.
CT '?%So@%o'%%éo% Som A o, ) ‘}M %I

-0.04
MC rescaled
" " [ 1 | l 1 [ 1 l l —0.06 1 I I 1 1 \ \ |
S0 107 02 04 06 08 05 1 15 2 ' 02 04 06 03 0.5

5 z va (GeV/c )
X Z M,, (GeV/c?)

» Satisfactory description of TSA
.. promising tool!
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Conclusions

The string+3P, model includes PS meson and VM emission and has been studied in detail
— describes the main features of Collins and di-hadron asymmetries!
— hints for values of the free parameters related to VM
more precise data would help ( COMPASS 2022 d run, JLab12 ..)
and also new measurements, e.g. Collins asymmetries for p mesons,
z-ordered 2h asymmetry in ete™ annihilation!

The string+3P, model with PS meson production is interfaced to PYTHIA 8.2 via StringSpinner
— already a rich tool for polarized SIDIS studies



Conclusions

The string+3P, model includes PS meson and VM emission and has been studied in detail
— describes the main features of Collins and di-hadron asymmetries!
— hints for values of the free parameters related to VM
more precise data would help ( COMPASS 2022 d run, JLab12 ..)
and also new measurements, e.g. Collins asymmetries for p mesons,
z-ordered 2h asymmetry in ete™ annihilation!

The string+3P, model with PS meson production is interfaced to PYTHIA 8.2 via StringSpinner
— already a rich tool for polarized SIDIS studies

.. the base for the systematic inclusion of spin effects in a MCEG has been laid!
now is time to move on!

include VM production in StringSpinner

apply the string+3P, model to the e*e ™ annihilation event
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List of free parameters in the string+3P, model

Spin effects
= (042 +i0.76) GeV/c?

Spinless Lund splitting Function

Elementary splitting

q(k) = h(p) +q'(k")
Spinless Splitting Function
by ep,
Fl2.(Z,pr) = C;,/’iq(l Z)*? exp <— 7) exp —by ki’
gﬁ:m%—{—p%l pTsz_k{I‘l Z=p+/k+

a=09
b, = 0.5 (GeV/c?) 2
by = 8.43(GeV/c)™?

Vector Meson production

0.62 light mesons
2|Gr|? + |GL|? = g
|Grl” +1G, | {0.725 strange mesons

|G,/Gr| =5,1,1/5
HLT == —%,0,4—%
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