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Outline

J Flavor decomposition Program using Semi-Inclusive hadron production from
polarized and unpolarized hydrogen and deuterium targets using CLAS12
detector enhanced with a RICH counter

 The Hybrid Ring Imaging Cerenkov Counter (RICH)

J Expected Precisions and outlook
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Flavor Contributions to the Nucleon
Spin

P=uud +uu+dd+ss+g+....
ST

valence « sea= virtual pairs »

s=t ZAq+L +AG + L,

2 2

Ag = Au,Au,Ad, Ad, As, As

-Our interest is on getting all the flavors! With a
special interest of the strangeness.
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E12-09-007 CLAS12 - Jefferson Lab-CLAS12

(H. Avakian, F. Benmokhtar, A. EL Alaoui, K. Hafidi & M. Mirazita)

Goal: Measurements of pions and
kaons multiplicities and longitudinal
double spin asymmetries using SIDIS
off hydrogen and deuterium targets.
Extract all the flavors!

—> Control of the fragmentation
functions used in the extraction
of the individual quark and
antiquark contribution to the
nuclear spin.

- shape of the strange pdfs.

= improvement of the statistical
precision in the extraction of individual
quark contributions to the nucleon spin

=> 110 days approved PAC days

Abstract

The proposed measurements are two-fold. First, we propose to measure

the multiplicities for several hadron species (wr,.m™, o' K+, K. I{'E] nsing hoth

hvdrogen and deuterium targets. The goal of these measurements is the control

of the fragmentation functions used in the extraction of the individual gquark and

antigquark contributions to the nucleon spin. In addition to the measurement of the
shape (& dependence) of the strange parton distribution function for several z and

-

a . . . ; - - =1 .
()* bins with three independent measurements (7% + 7, K+ + K~ and K?). This
part of the proposal can run simultaneously with the approved 12 GeV proposal

to measure the magnetic form factor of the neutron in CLAS12. The second fold
15 the polarized measurements. The aim 1s to use two different methods to access

the quark polarization. The first is the so called isoscalar method where only po-

larized deuterium is used to extract the non strange and strange polarized parton

distribution functions. The second method 18 alzo a flaver decomposition method

nsing the information on both hvdrogen and deuterium targets to extract individual

contributions of the quarks to the nucleon spin. This part of the proposal can run
simultaneously with the already approved single and double spin asymmetry pro-
gram in Hall B. Both pelarized and unpolarized measurements will cover a & range
from 0.05 < r < 0.7. An 1mportant part of the proposed measurements requires

a good charged kaon identification for the whole momentum range. Therefore. to
enhance the existing good particle identification. one needs to seriously consider a

RICH detector for CLAS12.




E12-09-007 CLAS12 - Jefferson Lab

(H. Avakian, F. Benmokhtar, A. EL Alaoui, K. Hafidi & M. Mirazita)

Flavor decomposition

Unpolarized Measurements

Polarized Measurements

Proton Deuteron Deuteron Proton
Measure Multiplicities Measure Multiplicities Measure Asymmetries Measure Asymmetries
(1T+, m, "0’ K*, K', KSO) (1T+ + T, K+ + K', Kso) (e-’ T+ 1, K+ + K', KSO) (e-’ m, m, "0, K*, K', KSO)
Isoscalar Method
v
Extract shape of Extract
x(s(x) + 5(x)) *(As+4s) _
xX(Au+ Au+ Ad + Ad)

Flavor Decomposition

*Extraction of A;l —Aato

Extract XAu, xAd, xAs, XA;l, xAZz’, xAL_?, X(A;l — Ac_z’)

test whether or not the
- light seais symmetrically
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Semi Inclusive DIS

o(ep - ehX)

) SIDIS Selection: .,

= v =E-F
= X =Q?Z2/(2M v)

K" =y =v/E \.\\/%
= W2=M2-2M v - Q? e,

Q 2 = 4EE’sin 2(6/2)

doc o’ E

. — 4 '
dQdE MQ E Hadron Selection: =z = E,/ v

"Xe = 2 |py| /W
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Measurement of Aq in Semi-Inclusiye DIS

o1,~q"(x) Sy +Sy =1/2 03, ~q" (x) S, + Sy =3/2

- Select PDFs : g (x) or g *(x) by changing the orientation of target nucleon spin or helicity
of incident lepton beam

5 h - P, Purity is a conditional probability
Je(h) . Je(hj eq CI(X)J‘ dZDq (Z) Aq(x) that a hadron of type h observed in the
__ 1/2 3/2 7 final state is originated from a struck quark
Ae(h) 2y — 5, h g a struck qu
1 (2, Q%) G.i;f;) + o.;(g) Q\Zq, €4 (X) dZDq’(JZ) CI(X) of flavor g in case of unpolarized beam/target.
Y
. Ph (X Z) - D" is a measure of the probability that
Leading order q \"" a quark of flavor q will fragment into a

Double spin asymmetry hadron of type h = fragmentation

function

A, 0" = (A, A7 AL AL AL AL A8 A AL AL AT A A AR

Ip >“Fp >“Flp >“Tp >“Tp >“Tlp > 1d>“"1d >“71d >“71d >“71d >“71d »
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Isoscalar Measurements

Unpolarized Measurements Polarized Measurements ~ FOr @ deutero_n tar_get:.Assgming Isospin symmetry
& charge conjugation invariance:

Deuteron Deuteron
l ‘l’ [Ad(x’QZ)J= C (PNs(x>Q2) Py(x,0%) | AQ(x.0")/0(x.0) : _ foJr ¢
Measure Multiplicities Measure Asymmetries Vi 2 MNP2(x,0) PH(x,0M\A 2 2N T -
(m+ 1, K+ K, K9) (e, m+m, K+ K, K?) ¢ (60) w0 A (R OIAAS(x,Q )/S(x,Q ) e
Isoscalar Method B
v S=s+s AS(x)= As(x)+ A5 (x)
Extract shape of Extract Q:u+;t+ d+d AQ(x) = Au(x) + Al (x) + Ad(x) + Ad (x
ract shape O O(x) = Au(x) + ATT(x) + Ad (x) + Ad (x)
x(Au+ Au+Ad+ Ad)

. Extract isoscalar combinations of AQ(x) and AS(x)

- Inclusive purities from PDFs (cTEQ-n, MRST, GRV...)

. Example: for Kaons, purities can be computed from the Kaon multiplicities and the pdfs.
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Example: Kaon Purities

( e ) ) )/Q )
AK (2) AS(2)/8(z)

e S(z)DE
PK . Q(E)Dnon strange Pg(ﬂ:) — = (ﬂ:) strange -
Q (HZ) T fDK G fDK Q(I)Dnon strange T Qs(m)DStrange
Q(z) non strange +25() strange

- Using charge symmetry

ANE () /dx
dNDIS () /dy

_ Q(IQD/HHGH strarg Q@Era HD
5@ F 2S(@)—

Measure FF=Fit parameters

Multiplicities
F. Benmokhtar, Kaon Workshop, LNF, Italy DEc 13-16
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Proton Deuteron

A

N/

Flavor Decomposition

Unpolarized Measurements Polarized Measurements

Proton || Deuteron

\/

Measure Multiplicities

(m, m, 0, K, K, K)

Measure Asymmetries
(e7, m, m, w0, K, K, K?0)

l

Extract xAu,xAd,xAs,xAu,xAd,xAs,x(Au—Ad)

A2, Q¥ = P(2,Q%) - Q(.Q°)

Au Ad As Au Ad AS)
w' d’ s u’d’ 3

O, Q% = (

_> _ -
A at gx K+ K~
./4(27, Q ) - (Alp? Alp 14 p ?Alp ’A Alp ) Ald‘ Ald ) ld ‘Ald ) Ald ) Ald )

- Purities depend on the unpolarized PDFs and the fragmentation functions.

- For the FFs, one can constrain them using measured pion and kaon multlpllcmes in the same
kinematical range from unpolarized proton and deuteron data,

- System can be solved by % 2 minimization accounting for the correlations between the
various asymmetries.
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O = NWAOON®O

Jefferson Lab CLAS12 @ 11GeV

Wide detector and physics

acceptance (current/target fragmentation)
High beam polarization 85%

High target polarization 85%

Hydrogen and Deuterium targets.

Track resolutions:
dp (GeV/c) 0.003p + 0.001p?
80 (mr) < 1
8¢ (mr) < 3

Lumi > 103°cm-is1

N WO A O OO N O®

AN
2 4 6.2.61.
M, P 0)

0 02 04 06 08 1D 20 40 60 htar, Kaol
z, eK



)eplaee two LTTC
with a Ring Imaging
CHerenkov

 seamine [ GeVlc |1 |283 (4 |5 |6 |7 8 9 |10
/K
| HTC
/P
HTC
K/p LTCC
| HTCC
S EC/PCAL
[ wemumons |
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dN"(x,z,Q?)/dN"'°(x,Q?)
o 2 o
- (5] r

ol
o
(5]

-0.05

Kaon Multiplicities and Frag. Func.

Expected Precisions

F. Benmokhtar, Kaon Workshop, LNF, Italy DEc 13-16 2022

T T T T T T T T T IIII|IIII|IIII|IIII|IIII|IIII|IIII

- _ w i
L - L B
- 2 o ® o 0 0 o P ) _ g 0.5:. o0 0 9@ ® [ ] [ ] [ ] [ ]
- BN EEE N o B
B B 1]
_ ] -
- ] o 048—
— a m —
L — B c |
L L 2N T _ | © -
- YUVy Y oy v > 0.46—
- v ¥ - 0w T
- M | c B
. CLAS12 (Projection), 1.3 GeV2 < Q%< 1.6 GeV2and 05<z <06 ] g —
B O CLAS12 (Projection), 4.0 GeV* = Q? < 5.0 GeVand 05 <z <0.6 ] 0.44 L
_ ) . - _ CLAS12 (Projection), x=0.25and 0.5 <z <06
B e CTEQ6L and DSS FF Q°= 145 GeV* and z = 0.55 ] B
[ | mmmmmm— CTEQSL and DSS FF Q° = 4.50 GeV? and z = 0.55 ] 042 — DSS parametrization, =0 55
C v HERMES Q° =25 GeV" n B

I —— —
B 1 1 1 1 | 1 1 1 1 I_ 04 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1

A M 2 3 4 5 7
10 X
bj

8 9
Q%(GeV?)

13



Projections — Isoscalar Method

r T g T T N =]

.12 ' =

- * CLAS12 (Projection), 0.4 <z < 0.7 + -

= n1~_‘ Q HERMES (@7 = 2.5 GeV7) I K + K;

) T GRSV parametrization P

<] | ===m=m=- D55V parametrization .

»x 0.08— -

0.06— & -

oonf- l o | =

. gozl— 1L et Jreem e -

Sources Uncertainty = e ] Tl

on Asym. Qe '/"'/'/;,,'/J—E

0.02— -

Beam & target pol. 2% = ]

0.04 — | —

Depol. and R 4% ' J ' '
Xhi
Dilution factor 3% . T y L ———— T ™
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]

Corrections:

- Charge symmetric background

- Radiative and detector smearing effects - Diffractive vector meson contributions - PID inefficiencies

- AC‘CEPTHIICE‘ correction

xAS(x)

xAQ(x)

- T . . — T —

I~ . CLAS12 (Projection) 0.4 =z < 0.7 1

0.06 — (Projection) K -
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- GRSV parametrization 1

0.04— —

0.02(— eI e .. —

n —
-0.02 —
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- Background subtraction (x", KY) ”



Projections — Flavor

0.6

0.5

decomposition (1) - 10% = F..

systematics on
asymmetries

Sources Uncertainty
on Asym.
Beam & target pol. 2%
Depol. and R 4%
Dilution factor 3%
Rad. corrections 3%
Trans. Spin effect 3%

0.3

0.2

0.1

0

-0.1

[.I\\|II\\|I\\I|\\II|\\II‘\I\\

L] CLAS12 (Projection) 0.4 <z < 0.7]
u HERMES (Q? = 2.5 GeV?)
[m] COMPASS (Q° = 2.5 GeV?)
DSSV parametrization
—————————— GRSV parametrization
EP- S o

I EEEXIENEETENES

1072 10

CLAS12 (Projection) 0.4 <z < 0.7
HERMES (QF = 2.5 GeV?)
COMPASS (Q° = 2.5 GeV?)

DSSV parametrization

GRSV parametrization

I EEIEEEIIEEE]

102 10"
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CLAS12 (Projection) 0.4 < z < 0.7]
HERMES (Q* = 2.5 GeV?)
COMPASS (Q° = 2.5 GeV?)

DSSV parametrization

GRSV parametrization

I EEEIERETT RN R

10

-2 1 0-1

X
g

CLAS12 (Projection) 0.4 <z < 0.7]
HERMES (Q* = 2.5 GeV?)
COMPASS (QF = 2.5 GeV?)
DSSV parametrization

GRSV parametrization
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Projections — (2) - 10%
systematics on

' 0.2 : ——
asymmetrles % rojection) 0.4 <z < 0.7 7
— HERMES (@7 = 2.5 GeV?) i
|ﬁ D55V parametrization -
<] 0.15 GRSV parametrization
~
X o —
IS
ﬂ 01
-3

0.05

<-Test whether or not the light sea is

symmetrically polarized

- . -
-0.05— —
0.1 - —

= . =

: R R RERE
015 1 | ] ] | L | |T |T ITITI_

107
xbl

Corrections:

- Charge symmetric background - Acceptance correction - Background subtraction (x", KY)
- Radiative and detector smearing effects - Diffractive vector meson contributions - PID inefficiencies



World Data on AS

» Polarized deep-inelastic inclusive scattering(SMC)
ASAS=CREN_
. V-P elastic scattering (E734 BNL) /AS—O1. 550

olarized Semi-Inclusive DIS (HERMES)

* 5 flavor tagging~> As~0 and positive
* |Isoscalar method-> published (2008) then reviewed and
published (2014), slightly positi

« COMPASS: sidis u-NH3 (2010) - compatible with zero.

» ATLAS results (2012) suggest that at small x the strangeness contribution
can be substantially larger than assumed. phys. Rev. Lett. 109, 012001 — Published 5 July 2012

So far, the results vary widely and the uncertainties are big
“Strange quark polarization puzzle”

F. Benmokhtar, Kaon Workshop, LNF, Italy DEc 13-16 17
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Projections — Flavor
decomposition (2) - 10%
systematics on

asymmetries
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10* 10"

Corrections:

- Charge symmetric background

>
Z

- _i'LCC-E‘}_}Tf’IIIC e correciion

-0.1

-0.15

CLAS12 (Projection) 0.4<z <0.
HERMES (Q? = 2.5 GeV?)
DSSV parametrization

GRSV parametrization

¢ ¢ 2 ed e d

10"

X
=3

- Background subtraction (¥ K

- Radiative and detector smearing effects - Diffractive vector meson contributions - PID inefficiencies



Expected Precisions x S(x)

(Q*)=2.5 GeV*
04

’
o,
‘e
L)
*
.
"
e
.
"
o
e
e
.,
a,
"‘
T

- .
s HERMES with D¥(z,0%)dz=1.27 |
_ Fit -

... CTEQ6L
— .. X(u(x)+d(x))
S CTEQ6.5S-0 -
i s NNPDF2.3 -
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Conclusion and Outlook

+ The combination of high luminosity and the large acceptance of
CLAS12 will allow a dramatic improvement of the statistical precision in
the extraction of individual quark contributions to the nucleon spin

< The systematics related to our knowledge of fragmentation functions
can further be reduced with high precision multiplicity measurements.

< Test whether or not the light sea is symmetrically polarized.

< Improve NLO global analysis of Helicity Parton densities and their

uncertainties.
Thanks!

F. Benmokhtar, Kaon Workshop, LNF, Italy DEc 13-16
2022
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Backup Slides
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2.2 Formalism for unpolarized deuteron target: Multiplicities and Strange PDFs
At the leading order of QCD and for unpolarized Semi Inclusive Deep Inelastic Scattering (SIDIS), the

cross section for hadron production at a given z, @ and 2z, normalized to the corresponding inclusive
cross section takes the factorized form

do"(x,Q*, 2)/dedQ*dz  dN"(r,Q% z2) ¥, eaqle, Q*) Dy (2, Q)

doPIS(z, (Q2)/dxd()? — dANPIS(x, Q?) S eiqla, Q?)

where ¢ is the parton distribution function for a quark of flavor g, e, its charge. D;‘ is the
fragmentation function, a measure of the probability that a quark of flavor g fragments into a hadron of
type h. At our kinematics, only light quarks and anti-quarks flavors, ¢ =(u, @, d, d, s, &), are considered.
z is the fraction of the photon energy carried by a hadron h. For deuterium; an isoscalar target, the
frapmentation functions become isospin independent. By assuming isospin symmetry, the strange
PDF to be same for both nucleons and charge conjugation invariance in the fragmentation functions,
the multiplicity for a final product (H) simplifies to:

AN (2, %) Q(x,Q%) [ Dy(2,Q*)dz + S(z, Q%) [ DY (2, Q%)d=

dANDIS(z Q) 5Q(z, Q?) + 25(x, Q?)

where H = K+ + K—, 7t + 7~ or K. The sum of non strange and strange parton distribution
functions are Q = u+ i +d+ d and S = s + §, respectively. Furthermore, Dﬁ g = 4DH 4+ Df and
DE' = QDf are the non strange and strange fragmentation functions, respectively. The term 2.5(z, QQ}
is at the most 1%(0.05 < = < 0.075) of the 5Q)(z, Qg) term, therefore one can safely drop it off. We
then realize that onee we are in the region where the sum of the strange parton distribution funetions
S(x) vanishes, the multiplicity becomes independent of x

dN" (2, Q%) [ Dis(2,Q%)d>
ANDIS(z, (Q?) 5

Once in that region, one can extract for each z bin, the Q2 dependence of the NS fragmentation
function from the measured multiplicities. By taking the non strange PDFs from most up to date
parameterizations available at the time of the data analysis and plugging them back to the multiplicity
equation, one can extract the r dependence of strange contribution S(z, QQ} I DE (2, Qz}dz for specific
(2, Qﬂ} bing. This method is very reliable in getting the shape of the sum of the strange PDFs. However
its absolute value S(:E?QQ} relies on the quality of the used parameterization for the fragmentation
functions.

13-16 2022

22



