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Overview

0 Exploring Proton Structure
Drell Yan vs Deep Inelastic Scattering

0 Quark and Gluon Structure of the Proton

Momentum distributions
Spin (helicity) distributions

o Transverse momentum dependent proton structure

A challenge to QCD?
Drell-Yan measurements

0 Meson Structure from Drell-Yan
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Motivation: The Proton as QCD Laboratory

The proton is the fundamental bound
state of QCD; Quarks and gluons are
the Constituents:

Can we understand the wave
function of the proton from
first principles QCD ?

Present (modest) status:

Description of proton in hard
scattering processes with parton
distribution functions.
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Proton Structure: Momentum Distributions

Constituents:
quarks =u, d, s and gluons

q(x) = quark momentum distribution

q(x) = anti - quark momentum distribution

G(X) =gluon momentum distribution

. pquark

small x ~ sea quarks, gluons
pproton

medium - high x valence quarks
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Probing the Quark Structure of Hadrons
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Both DIS and Drell-Yan processes are tools for probing the
guark and anti-quark structure of hadrons. The data stretch over
a wide range in Q2 and test evolution.



Quark and Gluon Momentum Distributions
from CTEQ CTEQ Phys. Rev. D 93, 033006 (2016)
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IS the number density for down quarks
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Quark and Gluon Momentum Distributions

from CTEQ

CT14 NNLO

CTEQ Phys. Rev. D 93, 033006 (2016)
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E IS the number density for down quarks
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Quark and Gluon Momentum Distributions

from CTEQ

CTEQ Phys. Rev. D 93, 033006 (2016)

ATLAS Drell-Yan cross
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E866: Isospin Broken in the Anti-Quark Sea
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Inclusion of E866 oPd/oPP into global
fits: dramatic impact of sea-quark
dis. from QCD analysis of hard
scattering data!

parameterizations

CTEQ4mJ excluding E866 data

— E866 Systematic Error

"

ol

0.6
X

CTEQG6 parameterization
including E866 data

Origin of sea quarks?
g — qq should naively give
symmetric q q.
Non-perturbative contributions to sea-
quark distributions:
- meson-cloud model
- chiral perturbation theory
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Current Fermilab E906/SeaQuest

extending sea-quark measurements to larger x by
using 120 GeV protons from Fermilab Main Injector.

1

s SeaQuest E906 Status
¥, 3.0 Caveats:
- ' BS15 NLO ' - | = Rate dependence correction
CT14 NLO ; has a kinematic dependence
2 5] MMHT2014NWO| - | = Suboptimal background
|| & Nas1 ' : subtraction.
—1 i E-866 NLO | m Leading order
e S 5 ol #® seaquestio 1 extractionCorrect
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from Paul Reimer’'s ECT talk, 10-2017
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Proton Structure: Spin (Helicity) Distributions

Constituents:
guarks =u, d, s and gluons

— Total Quark Spin :

AY=>" XJTAq(x)

9.0 x=0

— Total Gluon Spin:

. pquark

P proton
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Proton Structure: Helicity Sumrule

De-composition of the Proton Spin

iZEAZHAG +L,

Orbital Angular

Quark Spm momentum

I
Gluon Spin

P proton
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Quark and Gluon Helicity Distributions from
NNPDF E. Nocera et. Al. Nucl.Phys. B887 (2014) 276-308

s 0,05
“F xau'(x Q=10 GeV?) E xAd"(x.Q?=10 GeV?)

For example:

B
s,

o4~ [ NNPDFpol1.0 = -2 [ NNPDFpol1.0
F NNPDFpol1.1 . [ EEZE] NNPDFpoll 1

Au(x, QF )+Au(x, QF )

- 4 Up and down quark helicity
..\ | distributions are known. Still
Z%gggé’ T large uncertainties for gluon

and anti-quarks.

RHIC: evidence for non-zero
gluon spin contribution!

& 5 & &
g8 = 2
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Transverse degrees
of freedom:

Transverse proton/quark spin

Intrinsic transverse momentum of quarks k;

Transverse momentum in hadron fragmentation p-



Quark Helicity Distributions from Deep
Inelastic Lepton-Nucleon Scattering

spin
==> ce¢lectron or
o

muon probe

proton target \
-

Magnetic Spectrometer
eg. COMPASS to measure
Momentum of final state
Leptons and hadrons
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Quark Helicity Distributions from Deep
Inelastic Lepton-Nucleon Scattering

spin
==> ce¢lectron or
o

muon probe

proton target \
-

current

quark jet factorize processes in the high

energy lepton-quark scattering
_______ from target related processes

spectator
system
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How Is Transverse Spin Different?

electron or

muon probe

proton target \
-

Are the quark distributions changed by
a spin rotation?

At high probe energy: yes!
boosts and rotations do not commute!
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Optical Theorem in Hard Scattering

Cross Section <Optical Theorem> Forward Elastic Scattering Amplitude

initial state final state

>
e current
quark jet
P spectator
proton system

Factorization

(x,Q2>,§G(x,Q2> l

N\

Process independent

proton

: guark and gluon distri-
1 butions

Operator product expansion

(Q z<p | o | p> in twist parameter t, t=d-n,

Wllson coefficients Operator matrix element

i —
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Helicity Amplitudes in Hard Scattering

H  h, H; h;
Forward Scattering Amplitude
hard probe: initial state final state 1 i I E l Helicity is
gluon, photon 2 2 2 2 conserved
1 1 1 1
J— -— _) J— -—
Quark, h, 2. 2 2 2

Quark, h; ) ) L
= q(x,Q%), F,(x,Q%) helicity average

/ \ Agq(x,Q%), g, (x,Q°) helicity difference

. 1 1 1 - .
proton, H - proton, H; 5 T, T 5 5 helicityfip
2
= (X,
h: quark helicity In initial and A(x,Q%)

transverse spin distributions
for quarks: transversity

H: proton helicity J final state

i —
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Decomposition of Helicity Flip Amplitudes
at Leading Twist

Quark polarization
Unpolarized Longitudinally polarized Transversely polarized
(L)
L
HORENO
o| @ |
Boer—Mulder
c
L
@ - O | u
E - g1= hi = @-P - @-)
© Helicity
o
c
o
9
s w® - O
= fir= - L T it
T 7 gir= - ransversity
Sivers
1
@ - ©

O_, Nucleon @ Quark Transverse Momentum Dependent (TMD)

spin spin
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Proton Transverse Spin Structure:
Transversity, Sivers and Boer-Mulders

: correlation between transverse h (X kz)
: - 1T\ Ry
proton spin and quark spin

or X(X

S,— Sy—coupling ?

. correlation between transverse proton
spin and quark transverse momentum
Sy Ly~ coupling ?
Boer/Mulders:) correlation between transverse quark
spin and quark transverse momentum
Sq-- Lg—coupling ?  |nsight in spin-orbit structure

of quarks in the proton ...
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First Experiment:
Single Transverse Spin
Asymmetries (SSA) In
Hadron-Hadron Collisions



Single Transverse Spin Asymmetries (SSA)
A\ In Polarized Proton-Proton Scattering

Example:
Inclusive & production
In polarized p-p

one proton

T
P+ P > 7T+ X IS polarized!

S T 2 Ny : pions to the right
Correlation proton spin >/'T D p

®
S, Vs Py P - p > —
ntransverse momentum \l Pry
N, : pions to the left m
Single transverse A = L £07?
spin asymmetries A N N + Ng
L

i}
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For High Energy Reactions: Ay =2 0
QCD Test ! (Kane, Pumplin, Repko, 1978)

VOLUME 41, NUMBER 25 PHYSICAL REVIEW LETTERS 18 DECEMBER 1978

Transverse Quark Polarization in Large-p; Reactions, e e~ Jets,
and Leptoproduction: A Test of Quantum Chromodynamics

G. L. Kane
Physics Depavtment, University of Michigan, Ann Avbor, Michigan 48109

and

J. Pumplin and W. Repko
Physics Deparitment, Michigan State University, East Lansing, Michigan 48823
(Received 5 July 1978)

We point out that the polarization P of a scattered or produced quark is calculable per-
turbatively in quantum chromodynamics for e*e™ —¢g, large-p ; hadron reactions, and
large-Q? leptoproduction, and is infrared finite. The quantum-chromodynamics predic-
tion is that P =0 in the scaling limit. Experimental tests are or will soon be possible in
pp — AX [where presently P (A) =~ 25% for p »>2 GeV/c] and in e*e™ -~ quark jets,

asmq _4
Ay o« —=— example, m, = 3MeV,+/s = 20 GeV, A, =10

Js
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Experiment: Large SSA Observed
over Large Range of Scales !

Experiment: A >> 104 for 4 GeV < s <200 GeV for charged pions !

7GS Vs=4.7 GeVJ AGS Vs=6.5 GeV | | FNAL Vs =20 GeV | | RHIC Vs = 200 GeV

PRL 36, 929 (1976) PRD 65, 092008 (2002) =F'FE| 261, 201 (1991}, FRL 101, 42001 (2008)
40 s | 40- g | dofremmiel | 4o foRais
[ ¥ | . |
Q Tt+ I:P ':F o 2 . o ‘:’
:lj‘ i n- & o] o [:'I: Cr o
I:|l"1----‘ D_ T, St Al D_"""“"‘-E:"""" [}_ e L R i e o I:'_r____l':_ﬁ,l______________,'
= L 0 e
<t T o3| o _
Y e T
-40- -40- - |-40- 23 |-40- :_
|

0 05 10 0 05 10 0 05 10 0 05 1.0
X X X X;

Soft effects due to QCD dynamics in hadrons S _
remain relevant up to scales where pQCD can | from Christine Aidala, Spin 2008 and

- - Don Crabb & Alan Krisch in then Spin
|
be used to describe the scattering process! 2008 Su ary, CERN Courier, 6-2009
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Origin of Large SSA - Inspect Factorized
Components of Cross Section

/71'
< fragmentation
process
; proton T Can initial and/or final state
EStr“Cturegszz TR \ effects generate large transverse
: spin asymmetries? (A ~10 )

: . Jet
: ¥~ hard scattering °
: reaction

P2 oeeeereens \\

d30T(ppT —> 7Z'+X)

o (X k -)-G(X Z,
dx, dx,dz q' (arkyr) -G 2) d o) & qk'( phT)
Initial state — Kane, Pumplin, Final state hadron
proton structure  Repko - a; ~10* fragmentation
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Transverse Spin in QCD:
Two Solutions

STAR, PRL-92:171801, 2004

(1) “Transversity” quark-distributions

I I ) e 1’ mesons
and Collins fragmentation Eﬂd— o ot e 1
Correlation between proton- und quark-spit &' | — collins ¢
. . o= © Sivers
and spin dependent fragmentation ; —— Initial state twist-3 | |
= - — Final state twist-3 i]r
1 2 Eo0.2- "
oC 5q(X) . I:Il (ZZ’ pT,) E AL
Quark transverse collins FF < A
spin distribution 0.0
(Il) Sivers quark-distribution” I
Ppri= 1011 13 1.5 1.8 21 24 GeVic

Correlation between proton-spin and 02— 01 05 08
transverse quark momentum XF

oc ' (x,k?)- Dy (2)

Sivers distribution
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Sivers: Connection to Orbital Angular Momentum?

Semi-classical picture :

If quarks have L{f , probability to find quark which carries
momentum fraction of “X” is different between left & right
sides in the nucleon (viewed from virtual photon).

Quark density
f " (x — o)
£ (X + )
X M. Burkardt
: (Nucl.Phys. A735 (2004) 185-199) =
‘ f Lefi (x) ‘ < f (x) -)Slvers function can be viewed an
- ' - Impact-parameter dependent PDF.

IS blue/red shifted! from Matthias Burkhardt

11—
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Sivers Effect: Final State Interaction

Sivers effect is an inferference Can be understood as
with a final state interaction of soft-gluon exchange in
quark with spectator system. final state

current
quark jet

final state
interaction

spectator
system

proton 11-2001
BE24A06

(Int.J.Mod.Phys.A18:1327-1334,2003)

Final state soft gluons ?

What happens to factorization
and universality ?

= Gauge link formalism, process
dependence of Sivers effect!

(Nucl.Phys. A735 (2004) 185-199)
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Theoretical Description:
Include soft Gluon Exchange in the Initial and Final
State of Hard Scattering Processes

"Sum final state gluon exchange: gauge
link and insert gauge link integral in
hard scattering matrix element

. \/
0~ >~ Cron, . Q) P10 [ p)
,qu T

Sum initial state gluon exchange: gauge link
E and insert gauge link in hard scattering matrix element
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Sign Change of Sivers- and Boer-Mulders
Functions Between SIDIS and DY

SIDIS mt ¢ 1 DY | e W
/ ’ SIDIS Collins: Phys Lett B536:43-48 2002 . D% Direction of the gauge_link integrals of kT
dep. pdfs is process-dependent and
N changes its sign between SIDIS and DY
‘. ]
Sivers Jfir(z, kr) SR _flJi'“-(ngkT)‘D}, Need to confirm sign
: reversal in polarized
Boer-Mulders h:(z. kr — _hi(r. ks ‘ Drell-Yan!
1 (2, kr) SIDIS 1 (2, kr) DY

NSAC performance
Milestone HP13

TEST “modified” universality of TMD pdfs!

Em Exploring Proton Structure with Drell-Yan 32




TMD Modulations in the SIDIS and
Drell-Yan Cross Sections

SIDIS:
do 0;'2 yz '_}12 con(26 \]
= 1+ — l+e€ 2¢h)A
dxdydzdydppdPi.  xyQ? 2(1-¢) ( x) qu { cos(2¢n)A
ST [5'"(% - ¢s)A T hTOS) | e sin( oy + ¢s)A r sin(oh+es)

+esin(3¢p — ¢s )Asm(g - -L’j]

+STP; [\l — g2 cos(pp — Ps }4;[ Ph=®s) ]}

DY:

do @ cos ,
d*qd) d)q {(1+C‘:’5 (6) +sin’ ()AL, (2 %05{2@))

+St [(1 +cos(0))A n(es) sin(¢s)

+sin’(6) ( AT 2OHEs) sin(2¢ + ¢s) + qum( 5 sin(2¢ - ¢5))]} )

i —
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Modulation Amplitudes vs TMDs

SIDIS:

uu

sin(@p—a 1q h
Apr?h?%) o £ ® Df,

sin(¢op+ds) q Lh
AUT oc hl ® qu

cos(26h) . jLd g ih
A o ht9 @ Hi

{ r

}J’*
h

P —-rnr:ﬂ-f"" %

SIDIS: PDF ® FF

DY:
.y
Aﬁfﬁ( 2s) o hiqﬂ ® hﬁ) Boer-Mulders
ASLI;;E ?5) o il ®f7 , Sivers
sin(2¢ cs—¢s) 1q q _
AUT e hLW ® hl.p Transversity

p_hPDF:X ]f+

DY: PDF ® PDF

Avoids dependence on FFs'!
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COMPASS: TMD Observables

COMPASS at CERN: unique capability of measuring TMD
observables with lepton beams (SIDIS)
and hadron beams (Drell-Yan)

Transverse Momentum Dependent PDFs

Single Spin Asymmetries in SIDIS from COMPASS

Constraining Boer Mulders-, Sivers- and Transversity-
distributions

Drell-Yan at COMPASS
Set-up
Data taking in 2014 and 2015
Plans for 2018
First Steps towards the future: COMPASS 2020
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COMPASS at the CERN SPS

COmmon Muon Proton Apparatus for Structure and Spectroscopy
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COMPASS - Important Instrumentation Features

Two stage large acceptance spectrometers 1.Muon, electron or hadron

with high rate capability: secondary beams with the
momentum range 20-250 GeV and

© Large Angle Spectrometer (LAS) intensities up to 108 particles per

@ Small Angle Spectrometer (SAS) second.

2. Solid state polarized targets, NH,
or SLiD, as well as liquid hydrogen
target and nuclear targets.

trigger-hodoscopes

3.Powerful tracking system — 350
planes.

4. Versatile PID — RICH, Muon Walls,
Calorimeters.

SM2 dipale
P Muon=filte

HCALL

RICH_1

Veto

RHIC based hadron ID




COMPASS - Important Instrumentation Features

Two stage large acceptance spectrometers 1.Muon, electron or hadron

with high rate capability: secondary beams with the
momentum range 20-250 GeV and

© Large Angle Spectrometer (LAS) intensities up to 108 particles per

@ Small Angle Spectrometer (SAS) second.

2. Solid state polarized targets, NH,
or SLiD, as well as liquid hydrogen
target and nuclear targets.

trigger-hodoscopes

3.Powerful tracking system — 350

EM2Z dipale

| Wwalls,

RICH 1 HCALL

Veto

RichWall
3 EI'I'I!,S«\:I"\H,DI:!,!"‘I'Q'H'!

. RHIC based hadron ID

SciFi Micromegas, DC, SciFi 10 20 30 40
p (GeVic)




COMPASS - Important Instrumentation Features

Vertex distribution for SIDIS

COMPASS 2007 transverse proton data (part)

Jr-rf"“‘-' ™

SHe — “He dilution refrigerator (T~50mK)

Solenoid 2.5T
Dip_o__lfmammagrllet 0.6T

|

I

L

50

Ty (€1

A —== — - Opposite polarization in
U e, . S—— Pt e diff
> - = . ifferent target segments
J% | —=—41__}] reversed frequently
= id’ PI= ;!"u;r LI AR RSO “:“‘, — I
&Y A | 6
d (°LiD) p (NHy)

Polarization 50% 90%
Dilution factor 40% 16%




Kinematic Coverage: SIDIS vs Drell-Yan

The phase space for Drell-Yan and SIDIS
processes partially overlap in the x-Q? plane

|

10 10"

= — 1
o 5 10t Q”vs. x at COMPASS N,
E " Drell-Yan @ COMPASS (MC) > Drell-Yan (MC) 0.8
m§ 60;_ SIDIS @ COMPASS (2010 proton data) : — 0.7
M - —0.6
“oF : 201 ( —0.5

- — 10 = SIDIS (2010 proton data}

30 . - —0.4
201~ . - 0.3
10 —— i 0.2
0 e T il i 0.1

10 10 10 <”1 0

In the region of overlap in x, the average Q2 in
Drell-Yan is about two times larger compared to

SIDIS
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COMPASS and HERMES Sivers
Asymmetries for m* vs K*

COMPASS Phys.Lett. B744:250(2015)

- COMPASS 7 x<0.032
< 0.1 e COMPASS™ 320032 u
O HERMES n* PRL 103 (2009)

¢
0.05- % 0 | ‘%}Jﬁ } i M}q’ ? *
%#ﬁ; ?fﬁg {iﬂﬁ X }
I I } fffff Fo
0055 o b | i
~ & 02) COMPASSK x<0032 B
= [ ] COMPASS K™ x=0.032

© HERMES K PRL 103 (2009) % ,]l }

Combined 2007 and 2010 COMPASS proton data samples analyzed.
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Sivers — Global Analysis of
HERMES & COMPASS Data

Anselmino M, et al. arXiv:1107.4446 [hep-ph] (2011) Sun P, Yuan F. Phys. Rev. D 88:114012 (2013)

Full QCD analysis including

Leading order analysis TMD evolution

a b
010 T TTTIT| T T T T T T T T
i L(1) i i
- x 377 () = =xTEx,x)/2M d quark 7 0.1 Afg=TeXX)/M |, quark
005}
00—
005}
Q=1.6GeV 7 I
- 02 =
—O]O | 1 1 1 |||||| 1 1 1 |||||| 1 1 L1 11 1 L 1 1 1 |
1073 1072 107 1 1072 107
X X

Still significant errors, no data for x>0.35
Sign Change = COMPASS Drell-Yan (NSAC Milestone ...)

i —




Sivers Result from 35,000 Dimuons

Final sample:

35 000 dimuons in HM

~ E -
q, E ——— COMPASS 2015 NH, data
E; s e Comb. background
(5] 10 E /SN e Iy (MC)
& e ceie 7 (MO)
3 10* =/ SRECEE Open-charm (MC)
g %1:‘- ==== Drell-Yan (MC)
~ L Total MC + Comb. background
~ 107 e N mREITTTTTTTTTTTTTITTS i
Zz g ) i
S ol |
8 10- EE .‘,{-_\.
Eo gy v {M) =53 GeVigr Y :
A |
IOE E N : W{-ﬁﬁ!ﬁ
] B &) I
. PR B S SO AU RO BUNN. L
4 6 8 10
M, (GeV/c?)
™ 1 e
s COMPASS 2015 data 3
Z 10 Drell-Yan NH; 09 3
I R os £
= : : &
<l ) 43<M,, <85 S 0 3
! : 06 I
I =
5 S
10°
"""""""" 2<M,,<2.5 4
l<M <2
1. aaal il |
10~ 107 107 1
xN 1

Released by

Barkur Parsamyan at DIS 2017

and Marcia Quaresma at IWHSS 2017
PRL 119, 112002 (2017)

- no sign change

05
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First Results on Sign Change in DY: A
for W-Production in STAR

Comparison of AW to Sivers from SIDIS by Anselmino,

Boglione, D’'Alesio, Murgia, JHEP 1704 (2017) 046

1 T T T T W+I 1 T W—I ,,,,,,,,,,
0 L FIT2016 ] 0g L FIT2016
06 AN W+ In STAR 4 06 AN W_ In STAR E
0.4 . 04| v -
n_ — | i
0 l e
1
02+ . -0.2 -
04| 0.5<g<10 GeV 04l 0.5<q =10 GeV
06 04 02 0 02 04 06 06 04 02 0 02 04 06
Yw s W= + Wt
7L | | I:II Sign chlange |
[ No sign change
°T | v2between MC variations
- T | of Sivers PDF and STAR AW.
AW slightly better T v
compatible with sign change | de,
l_

1.6

L Il
1.8 2.0 2.2 2.4 2.6 2.8

x?/dof
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COMPASS Transversity Asymmetry

d—ar1+ + S
dQ

s 2@rg—0s |
[I o]

*sin ( 2005 — @

COMPASS PRL 119, 112002 (2017)
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Active & Future Experimental Facilities:
with Drell-Yan Experiments

Vg N
@ RHIC is running with STAR remaining as active experiment.

# E906 running: SeaQuest

Drell-Yan: 2014, 2015 & 208 + future with RF separated beams

' 4
ﬁwﬁ? Drell-Yan physics proposals pending.

Drell-Yan + J/g in preparation

== Drell-Yan physics in PANDA
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TMD Drell-Yan Asymmetries with PANDA

From M. Destefanis, EPJ 73,

Projections for 5 months of PANDA: p+p - u+u+X

wes) BoET Mulders - Pretzelosity ;‘M_‘_I’I)Transversny
‘T, . P sSin(Ze+2¢,) o Sin(Z(pcs — thc)
0.0 ‘a:: o t
* COS(Z‘pcs) 022 '
e e e e s

= Precision measurement of
Two bins of g1 1<q<2 GeV Boer Mulders, Transversity, Sivers
2<q< 3 GeV asymmetries without FFs !
=» Testing g dependence!
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Test Unified Picture:

TMD (Sivers & Collins) vs Collinear at Twist 3

TMD Overlap/matching

Origin of TSA
Collinear (I) TransverSity
(1l) Sivers
(111 Initial or final state twist-3*

Qiu/Sterman and Koike

+ unified picture: Ji, Qiu, Vogelsang
and Yuan in PRL-97:082002, 2006

\

JAQCD << Qror PT <<

Q QTOI‘.E’T

Use TMD description (Sivers & Collins) if p;<<Q
Use collinear description at Twist 3 if py ~< Q
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Unpolarized Cross Section: Precision Measurement of the
Lam-Tung Relation = Boer Mulders

daN- 3 1 , _ v
dQ 41 \ L3 (1 + Acos™(f) + pusin(26) cos(¢) + 5 sin (H)cos(2g_;))

In naive Drell-Yan model, no k7 and no QCD processes involving gluons:
A=1 pu=0 vr=0
The Lam-Tung relation, derived from the fermionic nature of quarks, predicts:
1-A—2vr=20

Analog of DIS Callan-Gross relation for Drell-Yan
C.S. Lam and W.K. Tung, Phys. Rev. D 18, 2447 (1978)

Discussion of Lam-Tung Relation from Vincent Andrieux, UIUC
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Precision Measurement of
the Lam-Tung Relation = Boer Mulders

E615 PRD 39, 92 (1989) CMS PLB 750, 154 (2015)
15k Eﬁls _ 08 't‘:‘t\ CMS r;|<1.0
1_,_,L_ _‘— l | 0.6 14~ — ——r
—— S 1 I NP <o | 1

o5 | _:__'_“—“——\_; D_A‘Zé‘ i

t " ; - .

e 02 e
e i » ==

| L | L 1 L 1 L L L 1 L | L& L
0 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 0 20 40 60 B0 100 120 140 160 180 200 220 240 260 280 300
ar[GeV] gr [GeV]

@ Recent evidence in terms of QCD: radiative effects describe well data at large g1
o J.-C. Peng et al. PLB 758, 384 (2016)
o M. Lambertsen and W. Vogelsang PRD93, 114013 (2016)

@ Boer Mulders expected at low g7 — fixed target regime

@ To single out Boer Mulders effects very precise data are necessary

PANDA, RF separated beams at CERN?
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Drell-Yan with RF Separated Kaon and
Anti-Proton Beams at CERN

@ Deflection with 2 cavities
@ Relative phase = 0 — dump

@ Deflection of wanted particle given by

A~ ThL Mz
4 c

2

To keep good separation, L should increase as p?> — limits the beam momentum

RF2

A

ﬁ‘_lﬂ

optics

A J

beam
stopper

e Kaon With the current RP limits, for total beam flux of 7 x 107 particles/s:

lx— ~ 2x107 /s at 100 GeV
Ix+ ~ 2x107/s at 100 GeV

@ High intensity antiproton beam:
~ 5 x 107 with current RP

Discussion of RF upgrade from Vincent Andrieux, UIUC

i —
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Kaon Structure: Flavor Separation

@ Dense & not too long for counting rate and acceptance considerations

@ lIsoscalar for sea-valence separation: J.T. Londergan et al., PLB 380 (1996)
0 2 = US;D - Sensitive to valence and sea terms

— =
°o v = USYD - JSYD

sl (uf + dP) : only valence sensitive

@ Low A to minimize nuclear effect: Carbon target

First measurement of

kaon seal
T N N .
Epeam = 80 GeV E ooy = 100 GeV Epeary = 120 GeV

304 SMAS 10% sea coniribution 304 )04
i [ R il [ -l -

‘Eﬂ 'll _——— :\‘Fl:h-..sea :-1|[|m||:.1 w..._\_\m :“ ‘Hw :1‘

N :. _—;—- ::Z; :';i:‘:::l:‘c ::--amel N = N -

‘ - - 0.3 0.3%

0.2 0.2

0.1: 0,1:

0 1 1 1 1 0' L L | ,
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8
Xk Xy
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Anti-Proton Beams for COMPASS

(1) measure Sivers asymmetries without uncertainty from pion pdf

(2) use transversity modulation, sin(2¢s-¢<) for Boer Mulders
measurement (less QCD radiative effects):

=» extract transversity from SIDIS and e*e- measurements
= measure Drell Yan A sin(2¢CS-¢S)
=>» combine with SIDIS transversity to

obtain proton Boer Mulders
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Summary

Several experiments with complementary kinematics

e J-PARC 7, K, p beams up to 20 GeV

@ PANDA at FAIR p beam up to 15 GeV

@ E906 (FNAL) proton at 120 GeV dedicated to sea quarks in proton

e SPASCHARM? at IHEP 40-70 GeV proton, secondary hadron beams, tertiary pol.

p beam

Will cleanly measure TSAs and for the first time kaon structure

@ Kaon structure including valence sea separation
@ Test of Lam Tung relation

@ Model free TSA in DY with antiproton beam
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