ROLE OF KAON
PRODUCTION AT JLAB12

Contalbrigo Marco
INFN Ferrara

PSHP 2013
13t November 2013, LNF



The 3D Nucleon Structure
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Quantum Phase-space Distribution of Quarks
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THE JLAB12 FACILITY
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The SIDIS Landscape
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1 2 Gev Project Status 3 C100 cryomodule being tr.ansferred- : '

5]
o

) |
:

Hall D Interior

Hall D & Counting House

* Project 75% Complete, 88% Obligated
 Civil (92%) ; Accelerator (88%) ; Physics Equip (~60%)

» We expect to be running beam to Hall A in February 2014 and Hall
D later in the year

» Large user involvement in 12-GeV detector construction
» 7+ years approved, Halls have prepared initial schedule
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TMDs and GPDs comprehenswe study,
with special care on appllcablllty

@herenkoyv,
'lHea\‘Py

CLAS12 H,D polarized targets up to 103°cm=?s' SOLID 3He, NH, polarized targets
“complete” acceptance, hadron ID up to 1036 cm=2s-! large acceptance, pion ID




SIDIS cross- sectlon factorization tests
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“complete” acceptance, hadron ID

Lmin¥sity frontier
World leading 3He target
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Luminosity frontier
World leading 3He target

‘ - Ultimate statistical precision
TMDs and GPDs comprehensive study, in the valence reglon
with special care on appllcablllty -3

CLAS12 H,D polarized targets up to 103°cm=?s' SOLID 3He, NH, polarized targets
“complete” acceptance, hadron ID up to 1036 cm=2s-! large acceptance, pion ID




SIDIS: TRANSVERSE
MOMENTUM DEPENDENCE



The SIDIS case

SIDIS cross section

(transversely pol. target):
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The SIDIS case

SIDIS cross section
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nucleon polarisation
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Transversity:
Survives transverse momentum integration
(missing leading-twist collinear piece)

Differs from helicity due to relativistic effects and
no mix with gluons in the spin-1/2 nucleon

Off-diagonal elements:

Interference between wave functions with different
angular momenta: contains information about parton
orbital angular motion and spin-orbit effects

Testing QCD at the amplitude level
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Transversity:

Survives transverse momentum integration

(missing leading-twist collinear piece)

Differs from helicity due to relativistic effects and
no mix with gluons in the spin-1/2 nucleon

Off-diagonal elements:

Interference between wave functions with different
angular momenta: contains information about parton
orbital angular motion and spin-orbit effects

Testing QCD at the amplitude level
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NUMBER DENSITY
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Parton Number Density
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Parton Number Density

. HERA I+l inclusive, jets, charm PDF Fit SIDIS extraction:
=2 A - =
_ Q*=10 GeV* 2 085 Q(x) [ D(2)dz + S(x) [ DX (2)dz
B ME T (i 2)dz = 5Q(x) + 25(x)
oa- — HERAPDF1.7 (prel.) 3 —
! 5 pEncet. [Jackson, DIS 2013]
mwel unwn- n. — T T T T . T B T T T L 2 _ T T T T
B perametrization uncer. 3 % A ?SgianSSGIZ;?ZIlmmary with [Dg(z,Q°)dz=1.27 |
0.6 (é’, %04 ’ — Fit -
. HERAPDF 1.6 (prel.) % L ~e—._ C(II(E?GI(_;( )
= 5 . — .- X(u(x)+d(x 1
[ 5 F See CTEQ6.5S-0
- ; 5 00 L 0 e N -
%47 xg¢ 0.05) |- 02 | e — .. NNPDF21
l.; i
5
A B
s
0.2
g 0
é 0.6
T X
10* 1
s [Makke, DIS 2013] S onf- -
f_, - COMPASS PRELIMINARY ’ d5 - _
g % onp—-2ip T R A
g—s [ . S r o -
L ¢ NGO ol— T T =
- ¢ } X o Q ---------------- =
0141 . M { < - Qg ) 2 c} i
- T 008— 0 % —
- - v CLAS12 (Projection), 1.3 GeV? < @* < 1.6 GeV? and 0.5 <2 < 0.6 —
0.12— B | CLAS12 (Projection), 4.0 GeV? < ©* < 5.0 GeV? and 0.5 <2< 0.6 7]
- 0.06 — CTEQSL and DSS FF G = 1.45 GeV¥ and z = 0.5 .
- - | - CTEQSL and DSS FF G = 4.50 GeV* and 2 = 0.55 -
L — Q HERMES O° » 2.5 Gev’ —
1 - L L C 1 1 1 1 TR ] 1 1 1 1 |_
10° 107 x 004 ﬂl)" Xy

Contalbrigo M. PSHP2013, 139 November 2013, LNF



2 2 h 2
Mo L dNiod D4 A EOIDLE0Y
N e q 1q ’
HERMES [arXiv: 1212.5407]
Disentanglement of z and Ph: access to the 5 0.2<2<03 K*1 HERMES PRELIMINARY K
transverse intrinsic quark k; and fragmentation p; %-0-5_‘ LN T ]
[ o9 g
. . . E [ _ o . *
i.e. from gaussian anstaz: =S . P, L R T o
= [ ——
P’ \=2{k:+(p> [03<2<0.4 T | :
< hl> < T> <pT> 0.4F . + ]
C 8 ® ]
0.2 @ B - -
COMPASS [arXiv: 1305.7317] | °2==* o ° "e g
- —r—r—T—r—r—r—7—T—r—r——r—r—r] % 0.25<2<0.30 ] L -
T 10lees COMPASS 2004 LiD (part) + 0.30<2<0.35 C - |
= | ¥ 0.35<2<0.40 0.4/0.4 <z <0.6 1T .
-vi 0.40<z<0.50 :
© 0.50<2<0.60 0.2 a0, -+ -
[ ®
1 ~&— 0.60<2<0.70 [ [ e _
—%— 0.70<2<0.80 0_— ------------------------------ - L Bl S B -
Qﬂw - ] - ! 1 ' '
| T 01:_0.6<z<0.8 i o proton |
10 oo o ‘ i o8 1 O deuteron |
(Q% = 7.57 (GeV/c)’ L;Pg}*% 0.05p o 8 Be T ;
(xg) =0.0932 Wy L o ign 888 8 ]
P I —— | 1 A e e




1 dN}(z,0") _ quﬁ [ dx f,,(x.0*)D},(z,0")
N (Q?) dz h qujfdx flq(x,Qz)

M, (z)=

HERMES [arXiv: 1212.5407]

Disentanglement of z and Ph: access to the 02<2<0.3 K* I HERMES PRELIMINARY K |

transverse intrinsic quark k; and fragmentation p;

o
a
T
X J
®
|

i.e. from gaussian anstaz:

Multiplicity
T
»
o
-
8
|
o
.
¢
|

2N = 2k 2 [0.3<2<0.4 I ]
<Phl> ¢ <kT>+<pT> 0.4F T .
Hall-C [arXiv: 0709.3020] e 80 - :
2.5 <L 1 g & ®

n* from H @ ® . ::'..']‘u

=
o

- from H

o
N

S
®

e

2
=
in

0404<2<0.6 T ' B

Ll

—0—
—0—
=
n

e
o

0.2-— SB
:!g ﬁa

=]

<
°IIIIIIIIIIIIIIIII |IIcllllllllllllllllllblll
=
-
(=]
N
eIllIIllIl]lIIl[lleIIIIIIIIIIIII||IIII|I_‘_II
=4
-
(=1
N
o

dé (nb/GeV*/sr)

2
t

P
N

3
1
=
[e]
3
lw)
»

ob . 1 e proton
| e i O deuteron |
o 80 ) . ] .

-
in
¥)

0.05F

L

do/d0,dE,dzd

e
n
-

o1 02 01 02 P, [GeV]
2 2 1
P2 (GeV?) P2 (GeV?)

(=]
<

alporigo v




P,,, & Flavor Dependence

*k;-distributions of TMDs depend on flavor and spin Difference in hadronic transverse momentum
distributions may come from fragmentation

P. Schweitzer et al., arXiv:1210.1267
1 X.pPr .

x=0.1 H. Matevosyan et al., arXiv: 1111.1740

x=02 — — ] T T T T T T T T

1
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10

Final states with sensitivity to different parton types will be critical
to separate contributions to the complex nucleon 3D structure
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In terms of the QCD, there are several contributions to P+ distribution of hadrons produced in SIDIS:
* primordial transverse momentum,

+ gluon radiation of the struck quark,
« the formation and soft multiple interactions of the “pre-hadron”
+ the interaction of the formed hadrons with the surrounding hadronic medium

Transverse Momentum Broadening (GeV?)
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Parton Helicity from SIDIS

[Alh(x)= ququ('x)ng(Z)dZ Eth ¥ Ag(x) J

> ad@Di@d <1 qw)

Contalbrigo M. PSHP2013, 139 November 2013, LNF



HERMES [hep-ex/0407032]
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Parton Helicity from SIDIS

HERMES [hep-ex/0407032] COMPASS [arXiv:1007.4061]
g 3 + - xad - DSSV
- X-Au . S
02 +',+.;-i:$"\§\_
o .‘.? : :‘ — NN .
..--—-:'_:'_"-’ N 02
0::_+_j ______________ - Ll [ R 1 |||||:||||||| ||||||||| 111111
1 1 1 |= M| 1 fl fl 1 : 0053_ xAU f_ an
x-Ad C C
OE===Jdz¢g - -~ ———E—::—- oF "}
- '~+:.:.‘:.:.:.—_.:. ST -0'052_ -
'0.2_ + f ? :||||||| [ N A N 1 |||||:||||||| | ||||l||| L1 1 111
: 1 T 1 1 1 1 I 1 1 : 1 1 ! 0'02 :_ XAS 1 0-2 10-1 x
} of
0 E.:.:.E.ﬁs. E+EE+I'—_;"—E <SP I
-- GRSV C
.0_2-_ X-Al_l -- BB -0'04'||||||| Lol L1
F —_— 107? 10" X

-0.2 i+
” e— " =
0 =-=-=+=-J-=.*:.= =, .=.=.—.r —————————
02 08
—— =
0.03 0.1 0.6

Contalbrigo M. DNP Fall Meeting of APS, 25" October 2013, Newport News



Parton Helicity from SIDIS
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Sea Parton Helicity from RHIC

DSSV [arXiv:0804.0422]
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Sea Parton Helicity from RHIC

DSSV++ [arXiv:1304.0079]
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Gluon Parton Helicity from RHIC

DSSV++
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Quark Helicity at High-x

- Imwlica<ﬂ
- HERNVES (G = 2.5 Gev")
O COMPASS 107 = 2.5 CeV")
DEBY per
GRSV parsnatrication

0.4

xAu(x)

lIll]IYlTlIllllllTl[ll||

03

I R LR R RIS

™Y

Y T ™TTTTT
CLARTZ (Framcimim b e < 2 <0

i = MORWES |7 = 25 GaV) ]
L] 0 compass o =250ew) 3
w;-m e
N 1
= \ ]
3 B !
0.1 -
. I I R RS
o

-0.1
0.3~ — . . -
o ®  CLABAZ (Projection) 0.4 = £ = 8.7 B
0.25 - % MCAMCS (' = 2.5 Gev') =
= O COMPABS (O = 2.5 GeV') =
- LIMNV paar <
3"3:_ e ORI YN Os B
Hoas E
= = 3
0.1 -
0.05 d ¢ -
L .0 3
-0.08 — -
0.1 =
015 aaal N N -

107 107

xﬂ

Contalbrigo M.

PSHP2013, 13"

0.3

0.25

T Y T TTTY
- CLABY (Frajection] 0.4 ~ ¢ < 0.

- HERNES (O = 25 GV
o COWFARS (Q" = 25 GV}

—
0.2

pasv
GRSV parsrvatriestion

-é
-
©u
TIITTT[!!I l]ll IIII lll'lllT

-
lllll I'ITTTITTTH T

+H<}NH6+
aaaal " PR T T 1

CLANIT Mramtan 3 a<a<an
MIRNES Q' = 2.5 GeV')

RIXEXIXRRE

November 2013, LNF

Xb]



TRANSVERSITY
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The Collins Amplitude
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Transversity Signals

Existing data limited to x < 0.3

FF evol.. from high energy colliders
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Transversity @ JLab12

Large x important to constrain
the tensor charge
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CAHN & BOER-MULDERS

nucleon polarisation
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(THE NEGLECTED EFFECTS)



The Azimuthal Modulation
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Unpolarized Cross-section
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The SIDIS cos2¢ p; dependence
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SIVERS

Naive-T-odd
Non-trivial gauge link
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rers Distributions

Without sea: With sea:
[arXiv:1012.3565]
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Sivers (@ JLab12
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HARD EXCLUSIVE: TRANSVERSE
POSITION DEPENDENCE



Generalized parton distributions

Encompass parton distributions and form factors

Longitudinal momentum and transverse spatial position
correlated information

Access OAM Lq= Jq-%AZ via Ji sum rule

J, —lsz‘dxx[H (x.&.0)+E, (x.&, t)]

t—0

quark polarisation
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The process of meson production

e ¢ production (gluon&strange sea)

e p, w production (gluon&sea&valence quarks)
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Exclusive ¢ and the Gluonic Radius
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Generalized parton distributions

Encompass parton distributions and form factors

Longitudinal momentum and transverse spatial position
correlated information

Access OAM Lq= Jq-%AZ via Ji sum rule

J, —lzm_[dxx[H (x.&.0)+E,(x.&, t)]

t—0
quark polarisation
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Exclusive Kaons

At JLab12 dominant contribution from transverse photon:
possible access to the chiral-odd GPDs (and spatial distribution of transversely polarized quarks)
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The JLab12 Charge

Start of Accelerator commissioning expected in November
and running beam to Hall-A in February 2014

Complete mapping (3D) of the nucleon in the valence region
High potential of the complementary programs of 3 experimental halls
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