Taya Chetry
Mississippi State University

CLAS Collaboration Meeting
11/12/2020

Contents

Hadronization

Overview of cuts/corrections
Results

<
class




* Hadronization process:

* Evolution of a colored bare quark into a
fully dressed hadron.

* Quark propagation and Hadronization
directly probe the QCD confinement
dynamics. e

Fully Formed
Hadron

Hadron formed Inside nucleus Hadron formed outside nucleus

Depending on the size of nucleus, hadron formation can take
place inside or outside the nucleus.
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* Hadronization Timescales:
* Production time: Time spent by a deconfined quark to meutralize its color charge.

* Formation time: Time required to form a regular hadron.
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* Hadronization Studies:
* Provide iformation on the dynamaical scales of the process.

* Constrain existing models that provide predictions of its time-characteristics.
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e y: E, — E,_; Electron energy loss.

* Q2 Four-momentum transferred.

e y: »/E,, electron energy fraction transferred to the struck quark.

* W: Total center of mass energy.

* pr: Hadron momentum transverse to the virtual photon direction.
e xp: Feynman variable, PyeM /P mes O

e 2. E,/»; Fraction of the struck quark’s initial energy carried by the formed hadron.
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Experimental Observables

* Multiplicity ratio:

Nh(vaQ:Z:pTaqb)
Ne(v,Q%)|pr1s A

Nh(V,QQ,Z,pT,Cb)
Ne(V9Q2)|DIS D

RE (v, Q% 2, pr, ¢) =

= Initial state effects are reduced/cancelled due to the normalization with the
electron DIS events.

e Transverse momentum broadening (p broadening) — Deuterium

= C, Fe, Pb

> O

AP2 = (P3), — (P2),

* These observables provide insights about
= The hadronization timescales, i.e., production and formation times.

= Parton energy loss (related to the p;broadening).

= Hadron attenuation (related to R,").
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EG2 Run Conditions

 Targets: Deuterium, Carbon, Iron, Lead, Tin, Aluminum.

* Deutertum and solid target in beam simultaneously for improved systematics:

2¢cm

g | _ -

Deuterium Refe’(";’flc)e foil Solid target

Luminosity - 10™ s cm™2

* Beam enerqgy: 5.014 GeV

Target separation - 4 cm

Solid Targets:

Targets Fe C Al Al Pb  Sn
Radius (mm) 1.5 1.5 1.5 1.5 1.5 1.5
Thickness (mm) 0.4 1.72 0.58 1.5E-03 0.14 0.3
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*  Final state particles selected: one e; at least one 7w and one p. Proton and pion maxture
constitutes Lambda events.

e

p

* Electron ID: Positive response in DC, CC, SC and EC.

* Pion ID: Matching signal in DC and SC. £ o0l [
§ 0.018f— I

*  Proton ID: Momentum dependent time analysis using £ oo

ROOT’s TSpline method. £ oon

, , Rt Bl St Ly
* Vertex corrections applied. 001 —— Seorzlora
0008 - %2:5?5:2
e OSIDIS cuts: W > 2 GeV; Q2 > 1 GeV?2; y < 0.85. 0,006
. 0.004 f— Reference

* Corrections: Proton energy loss, electron momentum oonb. foll &

corrections applied. S .S ‘. e

e vertex [cm)

* CLAS acceptance corrections. Corrected e vertex distributions for

*  Endcap corrections (for multiplicity ratios). six sectors of CLAS6 detector.
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Acceptance Corrections

W [GeV]
Y

¢, [deq]

., [deg]

p, [GeV/c]

y4

20-28
2.25—-4.25

0.0 - 360.0
0.0 - 360.0

0.1 -4.25
0.28-1.0

O W W N WD

Total Bins =648

0.6
180.0

120.0
1.383

variable®

= Generated 1B events using Pythia event
generator for each target (Fe, C, Pb and

D2).

= Six dimemsional binning.

= “varitable z-bining:

« P,: Momentum of Lambda

e ¢_: Decay angle of 7 in A rest frame.

o ¢, Angle between leptonic
and hadronic planes

Bin # | 1 2 3 4 5 6

Zmin | 0.28 1 0.38 | 0.44 | 0.51 | 0.60 | 0.75

Zmar | 0.38 | 0.44 | 0.51 | 0.60 | 0.75 | 1.00
- CLAS Coll. Meeting Taya Chetry

Bin’: k - (W v 9* ¢ﬁ—:pA:¢e'A:Z)

YT Y

effr =

acc(W 1/,9; :gbﬁ s PA S q)e’Aaz)

1
Weight, wi =
! g ef fx

* represents rest frame of A.

gen(VVa v, 9:— ) qb:-— DA, Pera, Z)
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W, A w;'wl:e

weights Relative Error

weights Relative Error

60 <= w < 530
0.0 < Aw/w < 0.3

Other targets: Backup slides
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Effect on A Mass Distributions Preliminary

0.28 <=z < 0.38 [fe-solid] 0.38 <= z < 0.44 [fe-solid] 0.44 <=z < 0.51 [fe-solid]
12 [TMLamZ1 IMLamZ2 1| mz3
T W 1 EE3 1 By 37295 1 B zo1e
- gt T o1 09 1124 09 an 1124
1 S Dev 0.01032 eV 0.01044 v D.01039
L 08 08 —
i ur 07
é E % 0§ _% 06
o 06 O 0s o

o os
*  Umncorrected. = | .-
0.z e 02 '
(?) 1.!""'"1'.'1’@ l.il 1.1.]15 J..IIZ 1.115 l.i 1.1]35 114 nElll. 1 1'05 1.;1 1.1'15 1.'12 1..1.'25 1 13 1.1I S 114 1 10 1 JI.J 1 1'15 1.'1 1 lh l.:ll3 l.ll i3 114
. M‘ [Gewie?] MA [Gewvie’] M\ [Gevic]
 Correction !
. . Sf 0.51 <= 7 < 0.60 [fe-solid] 0.60 <= 7 < 0.75 [fe-solid] 0.75 <= 7 < 1.00 [fe-solid]
1M Z4 1MLamZ5 1MLamZ6
0"p'p1‘rlled' wrl'thout N e |rieLa{T59m 1 n;lmss 1 tffe a 3541
09 1123 1123 1123
D 001054 00105 | I 0.01033

weight cuts.

e Corrections
applied with

0z 1 , 0z
weight cuts. g |
1 1 1 1 1 1 1 1 1 1 1 1 1 = 1 1 1 1. 1 1
11 1105 111 i1s 112 1125 113 1135 114 11 1105 111 1115 112 1125 113 1135 114 11 1105 i1 1115 112 1125 113 1135 114
M, [Gevie?] M, [Gevic?] M, [Gevic?]
0.28 <= 7z < 0.38 [fe-liquid] 0.38 <= z < 0.44 [fe-liquid] 0.44 <=z < 0.51 [fe-liquid]
IMLamZ1 1MLamZ3

Entries 5180

a3
1126

Mean (| 1124
Std Oed| 0.01001

o | ocascs

Counts.

60 <= w < 530

6318 1 Enfries 7949 14

©
3 02
O N
— . . . - . , o - .
O O < Aw /w < O 3 ql) M, [Gevie’] M, [Gevic’] M, [Gevic]
L 0.51 <= z < 0.60 [fe-liquid] 0.60 <= 7 < 0.75 [fe-liquid] 0.75 <= 2 < 1.00 [fe-liquid]
N (TMLamz4 | IMLamz5 MLamz6
()]

Mean 1123
Std Dev 0.01015

1124
.01001

e

1 [

L 1 H H

| 'i_"'-..LrF At L L L 1 L Popey

q.l 1.105 11 1118 112 1125 113 1135 114 11 1105 i1 1115 1.12 1125 113 1135 114 11 1105 111 1115 112 1125 113 1135 114
M, [Gevic?] M, [Gewic’] M, [GeVic]

Other targets: Backup slides
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Acceptance Corrections

DIS electrons

z-dependence

o
[{e]
=

o

©

Qo
—I-IIIIII|III|III|III|III|III|III|III|III

cceptance Ratio (Solid/Li

A
o
©
N

bt
©

+C +Fe +Pb +4D2 :
)

5

=

i)

- Ie)

) )

.9

. . . =
. o«

8

. g
o

3

A
o
©
[

no
o

24

PR B B
26 28

v b b b b Ly g
3 32 34 36 38 4 42

Vv [GeV]

o
[{e)
e

o
©

tC +Fe +Pb +4D2

21 22 23 24 25 28 27
W [GeV]

N

Correction is less than ~4%

28

(NACC/NGEN)DQ/( NACC/NGEN)A

-
w

-
N

—_
—_

—_

o
©

o
)

et
3

o

B Fe
- | xe
s furererensneennd TR SV ROt ARV SUTTSUTO SO LT
- o2
I N = = -
- - :

IllljllllilllliIIIIilIIIiIIIIiIIIIiIIIIiIIII

2 0.3

0.4 0.5 0.6 0.7 0.8 0.9 1 1.1

z

Global correction due to
the weight cuts
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Normalized Counts

Combinatorial Background

- % D2Fe-Solid
1.8|- 1} +H
C ! {
16— f
- t WHHI
- ++ # 1&11}
1.2 — |l|' Wﬁ
0.8 d e
- e
0.6— y ,*#1'*4#'
: _{.ﬁﬂm H + Correlated
0.4 TW’Q%’ ! + Uncorrelated
‘11_1 1 1 1 ‘Ilh‘1|05| 11 |-1|1 1| 1 1 1| 1|]é 11 |1 -|12|/| |'2| 1|25| 11 |1‘!13| 1 1 1I‘Ilaé L1 1 |
GeV/c

 Correlated protons and pions mixture constitutes €
the A events with a peak at ~1.1156 GeV.

* Uncorrelated protons and pirons mixture describes

the background.

* Using RooFit (ROOT’s fitting toolkit), the

Normalized Counts

Preliminary
22 .
£ |ﬁ D2Fe-Liquid
1.8f— { {
1o B
4 {
: |
12
z by 1
1= by * #} W HLH‘|
08— { + il |T+ i Ti
06— ++++ h# H +ar+ﬁ i ¥H
0.4 . - f+ * ................. .
0.2 %m#-zm‘*“#fi’mﬂ L + Uncorrelated
1,1| - 1|.‘||C|5I = I1_|11I - 1|.1|‘1é = |1.|12| I I21|_1|25I = I1,|13I - 1|.1|3é = I‘1_|14
[GeV/c?]

p

background subtracted Lambda-yield 1s extracted.

CLAS Coll. Meeting Taya Chetry

A Fragmentation Study 11/12/2020



Yield Extraction: Acceptance Corrections Applied

A sample z-bin: A invartant mass distribution after the background subtraction using RooFit

minimization (Breit-Wigner + combinatoric background).

«odnvariant Mass Distribution for d2fe solid target, z = 1

«joinvariant Mass Distribution for d2fe liquid target, z = 1

Preliminary

e— ; S e
i ¥ ! }
:_ Ecw—y2 o008 g h } 20__ 63w=:2ﬂﬂ12l:;2;:39 -04 % + 1}}
f_ g) N mf— % +
M o W ﬁ%
E.|....|....|....|....|....|....|.... o}w&%ﬁ""'
1.105 1.1 1.115 1.12 1.125 1.13 1.135 1.14 1.105 1.11 1.115 112 1.125 113 1.135 1.14
M, [GeV/c?] M, [GeV/c?]
Bin # 1 2 3 4 D 6
Zmin | 028 | 0.38 | 0.44 | 0.51 | 0.60 | 0.75
Zmar | 0.38 | 0.44 | 0.51 | 0.60 | 0.75 | 1.00
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Multiplicity Ratio Preliminary

Acceptance+Radiative™ Corrections Applied

* Radiative corrections
provided by A. El Alaoui

Multiplicity Ratio: A° .
T T T T T T T T T T T T | E| T T T I T T T T | T T T T I T T T T | T T T T ng_ DzFe Solid ]

0.8

0.7

10— §D,C
N 5 #D,Fe
- i 'e % D,Pb

No.s —

-----------------

n
1
: 04— "= '
i : i T, 1 '
— : — o Lt 1
=< E : o3 " 1
I H C ] :
" o 1
E ; i ) R I I T I P Loyl
: ‘3 25 =2 45 4. 495 0 05 1 15
1 ’ = I Xe
¥

*  Current fragmentation region: struck
quark mitiates the hadronization process

1

Target Fragmentation region | Current Fragmentation region * Target fragmentation region: The target
remnant moves reciprocally with regard
1 1 1 1 I 1 1 1 | | 11 | 1 | lI 1L 1 | I 1 1 1 1 | 1 1 1 1 I 1L 1 1 1 | 11 | 1 .to .the Dri,rr’tu(l,l, photon dfi},r‘ec_tion

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 . _
Z undergoing a target fragmentation.
* An attenuation flip is observed at low z
Np(z) region for heavier nuclei.
Nelprs ) o
Rﬁi (2] = * First ever study of the hadronization
Ny (2) process of A hyperon which probes the
Nelprs forward (current) and backward (target)

2 . .
fragmentation regions.
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Endcap Corrections on the Multiplicity Ratios

e Six W and six ¥ bins considered.

* Number of electrons originating from the endcaps
(N."9) and reference foil (N,*) are estimated by fitting

the z-vertex distribution in each bin.

« N=0C x N C = constant

x10°
o
355—
303—
|-
L F NEC = 0.893208 x N2
20—
15
10F-
5F-
ok L P E RN SRR I (14
0 10 20 30 40 50
NG
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6000 — :
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18025 x10° x10°
- 400F- -
160— E 300{—
r 350 — -
140 — = I
- 300[— 200
1201 e C
100:— D2 250; 200:_
z Ref. foil E -
80— 2001 150
cob- 150 -
C E 100[—
40~ 100~ -
ﬂ ; T
20— 50— C
E TR R | A L E L E T R R R T L
0 0 0
-32 30 28 22 22 -32 30 28 26 24 22
vz [cm] vz [cm]
*  Number of electrons originating from the liquid target including the endcaps (N, ) and
. Al . . . . . . .
the reference foil (N, ) are estimated by fitting the z-vertex distribution in each bin.
Al D
* Ne - BTuTget X Ne ) BTaT‘get = constant
x10° x10° x10°
C 2200— C
B c 1400—
- 2000~ r
1000— E B
r 1800~ 1200(—
w0l e ;_ 1000{—
i 1400 B
v s N = 0.063463X N2 v 120F A -0.058246xN22 | ¥ *°F “NA = 0.051774 X N2
- 10005— 600;
Al 400— 500; C
B 600/ 400~
Ne 2001 400 -
B B 200~
= 200— C
P | Ll | | 1w = | | Ll | | L, IxieP - | \ | | | Ixt0®
0 2 4 6 8 10 12 14 16 0 5 10 15 20 25 30 0 5 10 15 20 25
NEZ NeDZ NEZ
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. NeEC: C x NeAl

* NeAL: BTa:rget X NeD 14:_
A Al . 12
*  From the uncorrected R~ , the R, is -
estimated. 10/~ Fe Pb .-
7, ¢ T
A A = 8= T
RAl . Nh /Ne = Al - %
h lcorr — D EC D ECY] S e
(Nh _Nh )/(Ne _Ne C) - L. "
4? '%
* S I T PN I
NEC 0 25 3 35 4 45 5 55 6
A A Al 113
Rhlcorr:Rh (1_ j\?ﬂ (I_Rh )) A
e Al

R, = 5.60747 = 1.61037

Target | Ri |corr/Ri

C 0.996804
Fe 0.997066
Pb 0.997391

* Neutral Pion Multiplicity Ratios from SIDIS Lepton-nuclear Scattering

EG2 Analysis Note
-T.Mineeva et. al.
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Transverse Momentum Broadening Preliminary

o ) p~_distributions
° 'pT2 d'LStT"Lb"Uft’LO'n/S TQCOTded fOT A mass range: Correlated Events: D2Fe Solid Uncorrelated Events: D2Fe Solid

1.1 <= M, < 1.14 GeV (Full). = A i
© AP} = (PR),~ (PR),

~—
R = =S| L
.8 1 12 1

P2 [GeVZ/c]

Data (Full) - CB (Full)
0.4 ‘ ; ;

0.35

< Data (Full) - CB (Full) > _

0.35

______________ S S TS NS S—— -

0.2

A l_g [GeV?]
APZ [GeVd

.............. + 0.15

— I\I\ill\lil\llil\l\illllil\l\i||||i|\|| D‘DSIIIIiIIIIilIIIiIIIIiIIIIiIIIIiIIIIiIIIIiIIII
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Z

0.05

0

Y
(€]

III\‘IIIIlIII\lIIIIl\I\\‘IIIIlIIH‘IIII‘III\
=

P2

* More broadening at high z.

* More broadening observed in heavier muclei.
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* First ever study of the hadronization process of A-hyperon probing
the current- and target-fragmentation regions.

* Results jrom the baryon and meson channels using the same EG2
dataset are consistent.

* Next steps would imclude:
= Submission of CLAS Analysis mote.

= Systematic studies.

= Outlook: Study other dependencies of R, on Q2, P.*(Cronin effect).

Thank you!
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Extras




Selection of SIDIS Fvents: Kinematic Cuts

6

x10

i L|.¢.|.|.|_¢.|.|.|_|_¢.|.|.|_|_|.|.|.¢.
0 05 1 15 2 25 3 35 4 45 5

W [GeV]
W > 2 GeV
— to avoid contamination from resonance

TEeglon.

Q?* > 1 GeV?
— to probe nucleon substructure.

S - e Yy < 0.85 (based on HERMES study)
— to reduce the size of radiative effects.
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60 <= w < 530
0.0 < Aw/w < 0.3

" 22 CLAS Coll. Meeting

weights

Taya Chetry

weights

A wiw c

Relative Error

Relative Error
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60 <= w < 530
0.0 < Aw/w < 0.3

23 CLAS Coll. Meeting

weights

Taya Chetry

weights

A w;prb

Relative Error

A wiwg,

Relative Error
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* Effect of the weight cuts on the number of reconstructed events.

Fe D2

12 x10° . . . . 12 x10°

[10] — S SRR SUVOTUROE RV ................ ................ ................ [Ts| M— O RSOOSR roevsoroversesen s B ................ ................

Events
(o))

I
Events
()]

!

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 11 2 0.3 0.4 05 0.6 0.7 0.8 0.9 1 11
z z

_IIllilIllil|Ilil|IlillIlillllilllljlllljllll IllliIIlIiIIIIiIIIIiIlllillllillllillllillll
82 8

60 <= w < 530
0.0 < Aw/w < 0.3

Other targets: Backup slides
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e Number of events:

= Effect of the weight cuts on the number of reconstructed (accepted) events.

6
1210 : : : : 12 x10

10_ ............ R e R PP PP P T R PP EERPE PP ................ ................ .. ................ 10_ ............ .. ................ [EEER PR PrT I ................ _. ................

Events
(o))
|
»
Events
()]
!

1 | 1111 | 1111 | 111 | I - | T | 111 i I - i I - _I L1 | I | I - | I | L1 11 | 1111 | 1111 I I - I [
8.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1 11
V4 z

60 <= w < 530
0.0 < Aw/w < 0.3
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e Number of events:

= Effect of the weight cuts on the number of reconstructed (accepted) events.

Pb b2
x10° : : : . : 12 x10°

12

o S S — — A— S — P I B e I A— SRR S—

Events
Events
()]

!

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 11 2 0.3 0.4 05 0.6 0.7 0.8 0.9 1 11
z z

_IIllilIllilIIlilIIlillIlillllilllljlllljllll IllliIIlIiIIIIiIIIIiIlllillllillllillllillll
82 8

60 <= w < 530
0.0 < Aw/w < 0.3
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Effect of Weight Cuts on A Mass Distributions

*  Uncorrected.

* Correction
applied without
weight cuts.

* Corrections
applied with
weight cuts.

D2C-Solid

D2C-Liquid

" 21 CLAS Coll. Meeting

Counts.

Counts.
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Effect of Weight Cuts on A Mass Distributions

*  Uncorrected.

* Correction
applied without
weight cuts.

* Corrections
applied with
weight cuts.

D2Pb-Solid

D2Pb-Liquid

28 CLAS Coll. Meeting

0.28 <= z < 0.38 [pb-solid]

1IMLamZ1
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Effect of Weight Cuts on p,’ Distributions Preliminary

0.28 <= z < 0.38 [fe-solid] 0.38 <= z < 0.44 [fe-solid] 0.44 <= z < 0.51 [fe-solid]
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Effect of Weight Cuts on p,’ Distributions

*  Uncorrected.

* Corrections
applied with
weight cuts.
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Effect of Weight Cuts on p,’ Distributions

*  Uncorrected.

* Corrections
applied with
weight cuts.

D2Pb-Solid

D2Pb-Liquid
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Transverse Momentum Broadening (Acceptance Corrected with Weight Cuts)
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« SBR1: 1.1 <=M, <p-30

e 3SIG:p-80<=M,<p+30 Transverse momentum distributions for
each region are stored for data and

« SBR2:p +30 <=M, <2p-1.1 . .
Combinatorial Backgrounds (CB).

e SBR3:2p-1.1 <=M, < 1.1}
e  Widths of SBR1 and SBR2 are the same.
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Transverse Momentum Broadening (AC+RC)
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APZ as a function of z
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Study of the hadronization of charged pions
(Undergoing CLAS review)
-R. Dupre
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