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Outline

* Polarized proton-antiproton interactions

- Polarized DIS

- Status of polarized antiprotons studies
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Quark structure of the nucleon
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unpolarised quarks longitudinally polarised transversely polarised
and nucleons quarks and nucleons quarks and nucleons
Well known Known Less known

Peculiarities of dq
» probes relativistic nature of quarks

—otherwise 6q = Aq

+ no gluon analog for spin-1/2 nucleon
—different Q2 evolution than Aq

» sensitive to valence quark polarisation

« only known way to obtain tensor charge
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Quark structure of the nucleon
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Transversity with SIDIS
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New extraction (2008): close to most models
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A. Prokudin, Ferrara 2008
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Can we claimed to have measured transversity?
Well ...

SIDIS and BELLE at different scales: <Q2> = 2.4 GeV? vs Q2= 110 GeV?
Both azimuthal asymmtries involve TMDs beyond tree level

Anselmino et al. use:
H1 _L(Z,kZ_L) = DI(Z)F(Z,kZ_L)

Evolution is taken to be the one of D(z)

Modification of the k.. dependence is also important

Extraction from SIDIS remains a hard theoretical challenge
New (possibly) direct measurements needed:
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The “ﬁolden-g_a’re" to Transversity:
1

fromp1-p 1 Drell-Yan

F r qq = y*—=1"I" ] Q=M?

> Y
e Qr

V4 ¥V L

Drell-Yan

q=u,ﬁ,d,a,...

dM?dx, 9M?3s x, +x, -

= S g0 T) + 75 ()] }

Xp=X—-%X, xx,=M>/s=1 X, =2QL/«/;

M invariant Mass
of lepton pair

do' —-do™ . Eq e; thq (xl)hu] (x,)+ hlq— (xl)h1q— (xz)J

Ay = =d

Cdo'edo™ Y efatn)a(x) +3(x)7(x,)]
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A double polarized pbar-p collider for FAIR

Asymmetric (double-polarized)
proton (15 GeV/c) - antiproton (3.5 GeV/c) collider

PANDA

F1
RF2

from RESR (from SIS18)

- HESR
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hy, from p1-p1 Drell-Yan at PAX

do'" —do™ Eq e; Lhu] (xl)hlq (x,)+ huj (x1)h1q (xz)J

Tdolrdo” TS Elg(x)a(n) + ()7 ()]

ATT

- u-dominance
‘ |h1u| >lhml

(), (X))

A.. =a
. . u(x, Ju(x,)

PAX : M?/s=x;x,~0.02-0.3
valence quarks
(Att large ~ 0.2-0.3)
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PAX Detector Concept

PhYSlCS- hl dlSTr'|bu1'|0n Sln2€) Az|mu1'ha||y SYmme-rmc.
EMFF sin26 BARREL GEOMETRY
pbar-p elastic  high |t| LARGE ANGLES

Experiment: Flexible Facility » ete-

Detector: Extremely rare DY signal (10-7 p-pbar)
Maximum Bjorken-x coverage (M interval)
Excellent PID (hadron/e rejection ~ 10%)
High mass resolution (<2 %)
Moderate lepton energies (0.5-5 GeV)

Magnet: Keeps beam polarization vertical
Compatible with Cerenkov
Compatible with pol. target

TOROID
NO FRINGE FIELD

?
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PAX Detector Concept

Forward detector Scintillation hodoscope

GEANT simulation

Cerenkov

Drift chambers (200 um)
Tl

P 3.5 GeV/ic
Silicon detector (20 um)

[ i . P
o P 15 GeV/c
Vacuum pipe
//

EM calorimeter

1m.__ PAX Detector

Designed for Collider but compatible with fixed target

Magnet coils
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Kinematics for Drell-Yan process

d’c

o )'EC?I'EJ(XUMZ )1(X25M2)+a X19M2 E(XZ’Mz):
2 q

dM2dx, 9Ms(x, +x

‘M2 =5 XX,
Xp=2Q /s = X4-X,

1
o™
* | colider - fixed target
$=200 . §=45
_$=200
0.8 l‘
0.6 H
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(:_evts/O. 1 GeV/c?)

dN/dM
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Precision in h; measurement

1 year of data taking at 15+3.5 GeV collider L = 1.5-103! cm-2s-!

|
- — 1 2
X - M, >2GeV/c
o8 L p p p—ap 15+4 GeV coll T os I
=
§=240 GeV* z
=
7] 0.4
08 My > 2 Ge\/2 -
0
< 1%
Mo
= 1
=
X ors
3
O 05
0.25
| 1 L e R
05 08 | | 1 |
’ X, 0 0.2 0.4 0.6 0.8 1
X

1 year run -> 10 % precision on the h;" (x) in the valence region
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Another option: DY from p1-p?

Arr/arr T =10GeV
%  CDM
—
| TE
0.2f I g
| N
0.2 0.4 0‘.6 0l8 - XF
A. Drago

Asymmetries are estimated to be large at PAX energies -> access to hlu(x)

RHIC. T=X;X,~10-3 — sea quarks (Ar+ ~ 0.01)
JPARC/U70: 71=x,;x%,~10-! — valence and sea (A~ 0.1)
PAX: T=X;X,~10-1 — valence and sea (A ~ 0.1)
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o

P-P

p—ap 15+4 GeV coll
$=240 GeV*
my > 2 GeV

»

L PP

p p—p 50 GeV fixed

$=100 GeV*

my > 2 GeV

DY events distribution (ptp?, ptp? and p1d?1)

04

08 0.2 04 0.6 08
X4

M?2/s = x;x,~0.02-0.3

At X=X, Arr~ hy? ==P  Extraction of hyy, hi
Direct measurement of h;, 0o
for 0 05<x<0 5 for x<O.

p'p!. Any combination of polarization possible:A A

X4
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Sivers function from p{p or pp! Drell-Yan @ PAX

Test of Universality = .
S’ I
Ly 1y? = _ iy p2 = SIDIS :ep' — enX
Jir (P siis = —Fir (607 ) py oS P
=
prm— — 0.05
>
. + - '
- PAX :p'p—ee X 0
01 -
—— Fitl
~Eithl 0.05 |- -
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S’
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1 0 1 y 102 10‘
A.V. Efremov et al., X, = M?*/s e’ M. Anselmino et al., Xg
Phys. Lett. B 612, 233 (2005) Phys. Rev. D72, 094007 (2005)
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Transversity @ PANDA?

P.Lenisa
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Measurement of Transversity

non-TMD TMD
self-sufficient ! p! — 17X pp! — ££X

p!pl — (high-pr jet) X | pp! — ££X
needs ete™ ppl - ATX epl - enX

(‘jll S (,;\I .\'

/;[)I — | ,’T+ s :I.\v

r‘p' - )X

*There is only a single self-sufficient process with a single polarized beam

- Single spin-asymmetry in p1p or pp! Drell-Yan
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A "window" fo transversity: pbar - pt — |- X

Only self-sufficient single spin-asymmetry (involves TMDs)

Unpolarized DY production cross-section

dePY « h (21 /.':',)-I ) ® hy (22, /.':7)~.3) Ccos 2¢
| Boer-Mulders |

— analogue of BELLE cos2¢ asymmetry

Single-polarized DY production cross-section

doPY « fi(z1,k%)) ® fis(wa, k2, sin(¢ — pga) +
| Sivers

+ /—rr (Zi. lfff-] ) R hi(xs. /.'?; o) sin(¢@ + ¢g2) +
T Boer-Mulders | Transversity

— analogue of SIDIS Collins asymmetry

P.Lenisa Spin-physics at FAIR 21



DY measurements @ PANDA

oo IRy,
\s‘\ R L g, ,','/,,
& “,
g :8i5:é$u?g%n§1tagnet e‘s (from S1518)
. =z B Sextupole magnet 2
antiproton momentum H i A 2
1.5GeV/c < p< 15 GeV/c : " ietonsauprent
!
Stochastic and electron L %y T m
cooling: Ap/p < 10° %, .-
Luminosity > 103'cm?s™ s :
€cool
Hydrogen pellet or jet = = m
target, polarised Hydrogen : & i
under study E N\
Variety of nuclear targets 5 s \
%‘ direction of § ¥ =
= . & rom SR
‘9,, antiprotons §'
,//"":, \\\“‘\\\\
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Kinematics and cross section

d’c

40.°7

2 ei El(xl ,M* )1(X2 ,M* )+ a(xl ,M* E(Xz ,M* )

dM2dx,  9M’s(x, +x2). <

‘M2 = s XX,

| collider
§=200

- fixed target
- §=45

X,

do/dM (nb)

-h

L 4
@ ® ®
10" ® ® o
@ @
107 (@)
3 @

4 ) ()
v @ collider

0w @ fixed target

'XF:ZQL/IS = XI‘XZ

w n
o Safe ®
i region
10
10 8 | | | g
2 3 4 5

M (GeV/c?)

Use of region M<3 GeV/c? mandatory
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DY@PANDA: MC - Simulations I

A. Bianconi NIM A593, 562 (2008)

Unpolarized case:

1<qr<26GeV/c
.o{ 2 < g+ < 36GeV/c

R

M. Maggiora Univ. Torino and INFN (I)

pp —uwwX
5x10° events

1.5« M2|+|-<2.5 GeV2
g1 GeV/c
60% 6¢Su+<1200°

Luminosity = 2x1032cm-2s-!
0=0.8nb
Rate = 0.16 s!

 Cos2¢ asymmetry (related to h;*) not negligble and measurable
Study of the dependence from g possible

P.Lenisa
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DY@PANDA: MC - Simulations II

A. Bianconi, M. Radici Phys. Rev. D71, 074014 (2005)

. . 0 — + o

Single-spin asymmetry: ppl —uuX

sin(o#os’) sin(o-¢_)
A, I—(relatedto-hyr)—— A, “|-(relatedtofii)

N 5x10° events 01E
012 _ 005
-o.u;; ; i . 1< qt< 2 GeV/c :
- 4 —— 1 2<qr<36GeV/g ¢
'0'18’:‘_ P + B -o.os:—*if o ; *
0.2 oo T . E - . R R A
-o.zzi,;,éi: —r—r —t -hﬁl*‘ 0.1 = —=n 4— ‘ ;
-024*— Lol 111 :

0.1 0.2 0.3 0.4 0.5 0.6 0.7 X 0.8 L e Sy Sy e ‘ofs‘ S T, e

p Xp

* Sin(p+9,) asymmetry (related to h;1) not negligble and measurable
Study of the dependence from g+ possible

* Sin(¢—¢,) asymmetry (related to f;+) very small
« Weak g+ dependence
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DY with e*/e- @ PANDA?

Pion-rejection

F. Maas Univ. of Mainz - GST (D)

'l‘p_bar Q? Ocm | Fab | Prab one 7t Misident. Probability R
(GeV) (GeVl/e)? (GeVle) ECALXDIRCxdE/dx Misident.
Probability
1 5 4 20° 13° |22 0.001 x 0.5 x0.05 = 2.5 105 0.11 0_9
: * 160° | 132° | 0.57 0.033 x 0.003 x0.03 = 3.0 10
90° |[54° |[1.43 0.001 x 0.3 x0.03 =9. 106 0.110°
90° |54° |1.43 0.001 x 0.3 x 0.03=9.10%
2.5 8.2 20° 10° |3.7 0.001 x 1. x0.05=5. 105 031 0-9
160° | 117° | 0.7 0.014 x 0.014 x 0.03 = 6. 10
90° 41°7 1122 0.001 x 1. x 0.03 =3.105 0.9 10°
90° |41° |22 0.001 x 1. x 0.03 =3.105
5. 12.9 20° 7.4° |6.1 0.001 x 1. x0.1=10* 0.6 10-9
160° | 102° | 0.8 0.014 x 0.014 x 0.03 = 6. 10¢
90° ]32° |34 0.001 x 1. x 0.05=5.105 2.510°
90° |32° |34 0.001 x 1. x 0.05=5.10"5
10. 22.3 20° |5.4° | 109 0.001 x 1. x0.3=3.10* 5.410°
160° | 85° |1.0 0.005 x 0.12 x 0.03=1.8 10-5
90° 24° | 5.95 0.001 x 1. x0.1=1. 10+ 10. 10—9
90° 24° | 5.95 0.001 x 1. x0.1=1.10*
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A polarized target in PANDA?
A (very) difficult task!

Positioning:
Keep good PID for EM physics
*No parasitic run possible

Technical issues:
*Transport of polarized gas
«Compensation of solenoidal field

— *Pumping of polarized gas

Other options:
*new detector with thoroidal field?

eadditional IP in HESR?
*Asymmetric pbar-p collider

P.Lenisa
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Proton Electromagnetic Form Factors
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Space-like and Time-like regions

* FFs are analytical functions.
* One photon exchange: functions of 1 = q°= -Q~%.

1=q%<0 (spacelike) t=q*>0 (timelike)
real function complex function
Scattering Annihilation
e+h =>e+h er+e =>h+h
A ¥
:)\/q/za) ‘+>r'(q) [r(q/) N
Yy 9 ry
M 1(q) A 2 N
¢/ 4 >0 \
~ N

lim.  F™(¢")=lim, _ F"(q")

q°-—>-©

(Different from pQCD predictions)
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Study of the Proton Electromagnetic Form-Factors

Space-Like FFs: proton data Time-Like FFs: proton data
1.2 T : o ﬂ%
——— g T
[ \’\ = t Y§ ® E835(Il) date Andreotti et al, (2002)
08 F E : X
g g §~¢ ~ i Rosenblmfh 'ﬁa \iiﬁi Jr B CLEO dota Dobbs et al. (2005)
U:IJ 0.6 N \i\ § E {ﬁ + A BES data Ablikim et al. (2005)
i"—"-o . _— \E‘ — - 10 _ H** y ¥ BABAR data PRELIMINARY (2005)
I Polarizatidh- 3. . it 4
0z | = : T + HH
0~00- — i —— '2| —— :; — '; — '5I it 6I r x Coste\lcnoet\o'i.i.fg‘zé) ﬁ*
2 2 O Bassompierre et o|.(19\7’7~)\ |
Q [Gev ] | A Delcourt et al. (1979) ,+ 4
O Bisello et al. (1983,1990) ) oy
w2 L * Bardin et al. (1994) I?E . ' m
i % Antonelli et al. (1994)
4 5 6 7 8 g 10 . (Gev2§0
JLab results dramatically changed picture of Expected Q2 behaviour reached
the Nucleon: L o quite early, however ...
- GgP/6yP decreases with Q , , .. there is still a factor of 2
- data suggest GgP crosses 0 at Q° ~8 GeV between timelike and spacelike.

Additional and more precise measurements needed
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Time-like form factor measurement @ PANDA

'l‘p e e 2 Ocm 1% | Prab one 7t Misident. Probability v il o
(G;V) (GeV/e)? (GeV/e) ECALxDIRCxdE/dx Misident.
Probability
1 5 4 20° 13° 29 0.001 x 0.5 x0.05=2.510"5 0 ] 1 0_9
= 2 160° | 1320 |0.57 0.033 x 0.003 x0.03 = 3.0 10
90° |54° |1.43 0.001 x 0.3 x0.03 =9, 106 0.1 10"
90° |54° |1.43 0.001 x 0.3 x 0.03=9. 10%
2 5 8 2 20° 10° | 3.7 0.001 x 1. x0.05=5.105 03 ]0-9
* * 160° | 117° | 0.7 0.014 x 0.014 x 0.03 = 6. 106
90° |41° |22 0.001 x 1. X 0.03 =3.105 0.9 10
90° |41° |22 0.001 x 1. X 0.03 = 3.105
5 12.9 200 |7.4° |61 0.001 x 1. x 0.1 =104 0.6 10°
® & 160° |102° |0.8 0.014 x 0.014 x 0.03 = 6. 106
90° |32 |34 0.001 x 1. X 0.05=5.105 2.510°
90° |32° |34 0.001 x 1. X 0.05=5.105
1 0 22 3 20° 5.4° 1109 0.001 x1.x03=3.104 5.4 10-9
’ 5 160° |85° |1.0 0.005 x 0.12 x 0.03 = 1.8 10-5
90° |24° |5.95 0.001 x 1. x 0.1=1. 10~ 10. 10
90° |24 |5.95 0.001 x 1. x 0.1 =1. 10~

/4
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Expected count-rates and statistical projection

T 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1

o 13 o Babar |
- o Fenice [
I « PSIT0 |

i * E/bU
& " CLeO
0 % SBEF
] %_5% m PANDA [
| ]- im i
] 3 i !
(50 N B S
I 4"{';:&‘: -
ﬂi_u
10_2_- R =0 =
N - C
—o—
L E .
»
1]
10-3— L L | LA B . | L L 3
5 10 15 20 05 30

( GE: GM) A(GeVic)]

2fb! (4 months @ 2x1032cm-2s1) e
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Measurement of G¢ and G,, moduli @ PANDA

- Use of different angular dependence for G and G,,

g gmv‘llllllllllllllllll'llllllllllllllllll&
3k g ) -

g g g°=13.9 (GeV/ic)

! !uo

3 3

m- —
'- -
- —
0s E'.- -
. B FTR FYR FYR PV PV PO PO PR PR T
1 45 220422 0 02 04 02 02 4 528 D402 0 02 04 085 08 4 A5 085 D402 0 02 0408 08
OM:- % m”t.
F. Maas

-Generated events: 2fb! (4 months @ 2x103?cm-2s!)
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Polarized antiprotons on fixed target
(PAX-Phase I)

Lo
p injection

HESR

p injector

EXPERIMENT:

Fixed target experiment:
polarized antiprotons protons in CSR (p>200 MeV/c)
fixed polarized protons target
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Double polarized pbar-p annihilation:

¢ k=k)
X p(pz:_-ﬁ)

P(P,=P)

e'llo=—k)

. 5 1 .
sin~ @ (|GM|“' 4 :|GE|“'> N

.9 3 1 3
—sin” @ (|GM|“ — :|GE|“) N

do
d®)

(_

[(l +cos” 6

) 4

)|Gar|?

1
=T = \/I:

1
— —sin” 8| Gg|*

sin 20 ReGe Gy N.

- Most contain moduli G
Independent G ?5
Test of Rosenb ﬁ

* Access to Gg-Gy, phase

th

E. Tomasi, F. Lacroix, C. Duterte, 6.I. Gakh, EPTA 24, 419(2005)

separation
separ'a‘non in the time-like region

* Very sensitive 10 different models (next transparencies)

P.Lenisa
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Polarization and Models in T.L. Region

(o) )
‘I
0.5F A
i i Y VDM : IJL
03k
« : Ext. VDM
02“ :? [} . . )
: QCD inspired
01k
of
B, LAT—— . .
'0'651015205“3035& 051015202.’:303540 0510152025‘303540
9 Gev] q°[GeV]) q [GeV]
C] & 1
1t 1 06+
0.
0.5} 06
04
@ o Ho.
¢ i A,
-0 51 -02
-04 F
-06 ¥ I
| FYVPT TV FRVIN TUTIT PRI DUV FOUNS FOPI Pove I PPPPY POTPLPPPTY PYPRY PPPTY PPOTY PPPOY PPN VPP PPTTL PPTTE POTTS PETTY PYTTN POTPY PPPOY PP
0 5 10 15 20 25 30 35 @O 0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
q° BV q° [GeV] q [GeV]

E. Tomasi, F. Lacroix, C. Duterte, 6.I. Gakh, EPTA 24, 419(2005)
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Single Spin Observables

99 p) - ("—”) 14 AR,

dQ) dQ)
;" 2 I (;"(; . 9 2 1 . 2 -
A= .lem/_h M. D= |Gyl (1 +cos® ) + —|Gx|*sin’ 8
= -
v A. Z. Dubnickova, S. Dubnicka, M.P. Rekalo Nuovo Cimento A109, 241 (1996)
[ oo | 8.3 Brodsky, CE. Carlson, JR. Hiller, D.S. Hwang PRD 69, 0540 22 (2004)
0.4 - AN =
/’ \'\_
) i / S ]
W 02 Foo Tl 1| + Contains imaginary part
s / *  Access relative phase
< ||+ Very sensitive to different models
t e e
2 — = -(log® Q?)/Q? fit -
_g —impr. (log® Q})/Q* fit |
S .. —-—--LJL fit :
o | N\ Tt .y ! _
e L N 1|+ Additional options:
;_:-—__-—:::_:_'_ . .
——————— ] Polarized target in PANDA
s 10 15 20 25 30 35 40 *Asymmetric pbar-p collider
q® (GeV?)
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Outline

* Polarized proton-antiproton interactions

+ Polarized DIS

Status of polarized antiprotons studies

P.Lenisa Spin-physics at FAIR
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Polarized deep inelastic scattering

1

|
— = +AG+L =J +J
2 9 q g

g

polarised beam e

and/or

polarised
target

:l inclusive
L hadrons
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I, -0g,,(x)

Gluon polarization: present status

*DGLAP evolution *Measurements
" kinematic range-of boléris'ea_f)IS eXP: . aac N > x:::gmmg*;w e
sewar, Unpolarised DIS -~ gg s S R D ——
1.4 < il v HERMES, singis high p_ hadrons. all @°, prel.|_— "
EUS NLO QOD fie 1.2 ! B0 - B SMC highp, G™1(GeVicy’ 2
POE 2000 fit ) ;: Q 2 1 Gel 0_45— ---———_-_—__-__, = II_-_':_‘:___-/efg‘
0.6 E i e
.43 xAg(x)
0.2
4 0
0.2
0.4
0.6 T T T — T | L1
0.001 0.01 0.1 1 102 10- xg

COMPASS point obtained with the least
model dependent open charm method

*Data show small values of Ag/g at x,~0.1
Confirmed by indirect measurements

*Scaling violations of g,

‘p1p? scattering at RHIC
*All measurements concentrated around x,=0.1
*Little known about Ag(x,)

‘Need polarized collider to extend kinematic range (USA-projects)

‘Need more direct probes

(ENC)

P.Lenisa
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A double polarized e-p/d collider for FAIR

elech"on beam " —

04 | proton beam 1

: dipoles - B
uadrupoles

02+t : : / .

e L=1(4)x1032 1/cm?3s

Vs > 10 GeV: 3.3 GeV e <=15 GeV p

Polarized e- (>80 %)
*Polarized p/d (> 80 %)
* transversal + longitudinal

*Use PANDA detector
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Performance and comparison

Energy and luminosity

Experiment JLAB(12 GeV)  HERMES ENC
s (6eV)? 23 50 180
L (cm2s1) ~1038 ~103! ~1032

i i
P ® ()G x | rem———_ B IEERnS,
Factor of merit N

Diluting factor
COMPASS* ENC

unpolarized 1 1
Single spin (P,f)? 0.02 0.64
Double spin (P,P;f)? 0.013 0.41
Rec. hadr. final state Vv

*NH; target

COMPASS

300
~1032

ratio

32
32
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Measurement of AG: Photon-gluon fusion

Golden channel: Charm production
*Theoretically very clean
‘Experimentally very challenging

*(low statistics)

Double spin-asymmeftries to access AG:

N" -N" AG
0

4 T NY N G
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ENC vs COMPASS

* COMPASS: only one of the D mesons reconstructed
—X, cannot be reconstructed

« ENC: both D mesons reconstructed
—Better access to x,

— Measurement of AG/G (x,) possible not only <AG/G>x,

using information of . .. COMPASS collider
.. one DY (52% corr. ... both D%  (70% corr. 0 N .0 B A
( ) _ ( )y D= K nt+cc (37kD%) SB =41
s 52 : Lo e S e (expected for PANDA)
m.lxy :21:: ey Preliminary
gy,
D° from D*t — D%+« ssctima B=0
— K—ntat  (9k D9)
00 01 02 03 04 05 06 07 08 gijsex’ % 01 02 03 04 05 06 0.7 08 mx‘ -WMSM-MD'WMSW

'i,‘_

LD
| CRN B 1O
T T

(From J. Pretz)
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Other issues ...

DVCS : ep—>epy Panda detector @ ENCollider

By

-------- >
@ E.=30CeV

* Deep Virtual Compton Scattering
*Orbital Angular Momentum
« Semi-inclusive DIS
*Transversity and TMD
*Spin dependence of fragmentation process

P.Lenisa
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Luminosity(*103%/cm?/s)

ENC and the others...

Energy/Luminosity Landscape

Electron Nucleon

< Collider:
10 Jgbeizcey - Mighenerey
108— ﬁ - high luminosity
10°— JLa - polarisation
L T~ _ELIC
10

10 E_l

104+ ENCiﬂ“:l
e HEWES. HERA-collider
10 : COMPASS =
1 10 100 CM energy (GeV)

(=]
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Outline

* Polarized proton-antiproton interactions

- Polarized DIS

- Status of polarized antiprotons studies

P.Lenisa Spin-physics at FAIR
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Production of polarization in a stored beam
Two Methods: Loss versus spin flip

For an ensemble of spin 3 particles with projections + (1) and - ({)

e -

selective loss selective flip
discard (one) substate reverse (one) substate
(more than the other) (more than the other)
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Spin-filtering at TSR: ,FILTEX" - proof-of-principle

Exper'Jm ental Setup
p

Dissociator

Beam Formation

polarization

Sextupole
HF-Transition

Sextupole

Circulating Beam

Spin filtering
works for protons

PAX submitted new proposal to find out how well does spin filtering work for antiprotons:

Measurement of the Spin-Dependence of the pp- Interaction at the AD Ring

(CERN-SPSC-2009-012 / SPSC-P-337)
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Spin-filtering studies at COSY

Main purpose:
1. Commissioning of the experimental setup for AD
2. Quantitative understanding of the machine parameters

Phases of COSY installation:

1. July 2009: Installation of quadrupole magnets (v')
2. July 2010: Installation of rest of equipment (v')
3. October 2010: Commissioning of equipment (v)

4. September 2011 Spin-filtering studies

i Target chamber with
COSY-Quadupoles storage cell and
detector system

Low-p quadrupoles

P.Lenisa
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50



Experimental setup at COSY (commissioning Oct. 2010)

51
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Commissioning I: Beam lifetime optimization

High beam lifetimes require:
- optimized closed orbit

* low residual gas in machine

« optimized electron cooler
setup

In case intra-beam scattering
poses a limitation, increase of
beam emittance should increase
lifetimel

Recent result: Increase of beam
emittance achieved by ftilting of electron
cooler beam

1000
~— I
& 9000
Q T
c ™
i %
Y= 8000
- o
=
]
Q
9 7000
x
[
600
0 2 4 6 8
20 beam emittance (x mm mrad)
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Commissioning IT: Acceptance measurement

In an ideal machine Single-Coulomb scattering at the target dominates beam loss

movable
rame system

y' (mrad)

—10 Y
‘it.

y' (mrad)

T T T T T T T T T T T
25 2 -5 -0 5 0 5 10 15 20 25
X [mm]

K. Grigoriev et al., NIMA 599,130 (2009) *Commissioning completed: Oct. 2010
*Measurements: Sept. 2011

y (mm)
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Polarization build-up at COSY:projections

g - : I T I: § r T T g I I I | I I ! T I_
% 0.02 ; i . R ! | ]
E O : | . ? o 5 ] .
®0.015f : . . Sl : AN .
= ! : ] 0.05[ : H e
0.01F ' . : - : \;\\\t
- ’ : . - ! ! .
0.005 |-z ; ] 0.1 : — \ AAAAAA -
- — ) ' - - i ! 1
- : : - i i :
oF ! AN ] -0.15 i r— \
- | i e = B : : ]
-0.005} , : ST - | i \ !
- i i \\ ] 0.2f ! : -
-0.01F i : : C ! ’
2015 | i : 025 | | :
- i | \; - ! | .
0.02F ; <S<—_ 5 C i : ]
C L A N T ey . -0.3 1 ;
30 40 50 60 70 80 100 200 C / o] ! . ]
T [MeV] 30 40 50 60 70 80 100 200 300
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COSY coolina ranae
calculated beam polarization after 2 beam lifetimes (Tr = 49.3 MeV; Q = 0.8; dt = ) 5 10" em™
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PAX at the CERN-AD
(spin filtering with antiprotons)

Antipro+on Decelerator osmowe M
T 5‘ e

T3 I VA S, VG VY ) Y T, CXF Wt Y, s v, V/)’/A»’Es%é(&'@&
A S T D Vs, i e Vs TG Ve T, (e Vi d W, A
. £

AD

Siberian s R
—N Sn(]ke | E;.;; A . 24 ‘
| LI — —"" e L i L i
i === L
I ) /mm:\ I: 1 1 |||||||%, _!

. ) = 7[ 1 | :.;'-'

Electron

AX Tar'ge‘r
cooler b | " section
-u=_‘=l.—:, BRI . é‘%

> | ’}@
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Expected polarizations after filtering for two lifetimes

transverse longitudinal
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New calculation of expected polarizations

Spin-dependent part of pp interaction cross section and Nijmegen potential
V.F. Dmitriev®?, AL Milstein®P, S.G. Salnikov®?>*  PLB 690 (2010)

b Transverse case Longitudinal case
-0.05 -‘.‘* — 0, 10 mrad
& -- 20 mrad
—0.]0:",‘\ -7 30 mrad
— .
QO _g.5f!
-0.20¢ -:_\:’\
-0.25 ’ : . ‘ :
0 100 200 300 400 500

Tlab [MeV] Tlab [MeV]

Note: different scales |
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Conclusions

e-p collider: 34 generation polarized DIS experiment
- Systematic studies towards the (still unsolved) proton-spin puzzle
- Complementary to USA projects

Appealing perspectives for pbar-p single-spin asymmetries
- Polarized target in PANDA?
- Asymmetric collider (pbar-p?1,d?t)

Double polarized pbar-p: worldwide unique facility

- Asymmeftric collider (pbar?-p?1,d?)
- Polarized pbar studies under way

Polarization is missing tool that will be an added value to FAIR!
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Beyond Collinear Approximation:

Transverse Momentum Dependent DFs
LO quark distribution functions

Mulders and Tangerman, Nucl.

quark Phys. B 461 (1996) 197
U ) T L R
U | @ hy @ '@< Boer-Mulders DF ~ *"
u
c|L g1 (- (o)~ hi; @)~ - (¥—~¢+worm-gear I'DF 7
\A (VAVAVAY
e I L é} @ hy @ - (b( Transversity DF i
(0] T flT -@ ng -
n 1 1 h- é} - @( Prezelosity DF
Sivers DF * 'worm-gear 2' DF

Only f, and g, measurable in inclusive DIS, all others in SIDIS

D, = D" = .normal’ FF,
Ht= gpm dependent Collins FF
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Experimental tools for spin-physics

Polar'lsed DIS o b e
n° or jet productionin pp

XF; Hard Scattering
......... P'r'-"déééé""""""

'SPJ
<)
W= -production Drell-Yan
, (=)

== . Y= .

NN L PR
e — /AU '_._ v 2
p =§}X Vi p :?}X ¢
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Higher energy p-p machine
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o
3

M™ do/dM (pb GeV™)

Cross-section
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Main phases of installation at AD

Central quadrupole
magnet remains in place

Installation of
target chamber

Installation of

ABS, BRP and
Detector

2011 2012 2013
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Background to Drell-Yan e*e-

% hour

experiment: 2-108 p-pbar interactions
several DY events

Invariant mass of ee pair

10*

10°

Number of events

107

10

Background 1:1 to signal
* the combinatorial component can be subtracted (wrong-sign control sample)
* the charm can be reduced (vertex decay)

right sign background

memmm Drell-Yan events |
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+charm bckg
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PID, E>300 MeV, conversion veto, mass cut
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Electric

Theoretical models
Spacelike

Magnetic

proton

nheutron

1 1 1 1 L 1
02 04 06 08 1 12 14
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Q? (GeV')

GMn/un/GD

Timelike

Electric

Magnetic

1 1 1 1 1 ! 1 1
4 6 8 10 13 14 16 18

1 1 L 1 1 1 1 1
4 6 8 10 1g 14 16 18
q (GeV')

A

G = s2In%(s/A2)

QCD inspired
Bosted PRC 51,

Extended VDM

E.L.Lomon PRC 66, 045501

2002)

VDM : IJL
F. Iachello..PLB
43, 191 (1973)

35 4 4..22 (GeV§) 55 B
Hohler
NPB 114, 505
(1976)

E. Tomasi, F. Lacroix, C. Duterte, 6.I. Gakh, EPTA 24, 419(2005)
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