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PAX Physics Case

+ Transversity

+ Single-Spin Asymmetries

+ Electromagnetic Form Factors
- Hard Scattering Effects

- Soft Scattering

- Low-t Physics

- Total Cross Section

- pbar-p interaction



in helicity base:

Twist 2 distribution functions

proton

Probabilistic interpretation q“‘"'k: Quark ’
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Transversity

Properties:

» Probes relativistic nature of quarks

» No gluon analog for spin-1/2 nucleon

> Different @° evolution than Ag

> Sensitive to valence quark polarization

S

Chiral-odd: requires another chiral-odd partner

PP — ptpm X ep, — e'h; X

(b) (©)



Transversity in Drell-Yan processes

PAX: antiproton beam — proton target (both transverse)
I } 2=MA\2
q°=M
I_
; q
1] !
P | v )(Hf—/ p H
q

do' —do™ .

A =a
TT
dcsTT + dcsN

D exhi(x,,M>h}(x,,M?) T q=u,u,d,d,...

q
TT 2 2\— 2 M invariant Mass
Zq:eqq(xl,M pefsyo ) of lepton pair
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Polarized internal target
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Performance of Polarized Internal Targets
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Targets work very reliably (many months of stable operation) |




Principle of spin filter method

o, “». —» —»_ P beam polarization
O4ot = Op t OLP'Q + O'”GSk)(Qk) Q target polarization
k || beam direction

For initially equally populated spin states: T (m=+3) and | (m=-%)

Cix =00 £(0, +G||) -Q

Expectation

For low energy pp scattering:
61<0 = O41,¢Cor.
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Spin transfer from electrons to protons
p+e > p+e

— 5 —
1| 4no (1 +A )m Y . [20In(2pa,)
P c 2 0
2 m 20 \%
_ P p _
Horowitz & Meyer, PRL 72, 3981 (1994)
=) H.O. Meyer, PRE 50, 1485 (1994
Opy| 2-Opy,y / (1994)
a fine structure constant
A=(g-2)/2=1.793 anomalous magnetic moment
m.., m, rest masses
p cm momentum
ag Bohr radius
Cy2=2mn/[exp(2mn)-1] Coulomb wave function
n=za/v Coulomb parameter (negative for antiprotons)
v relative lab. velocity between p and e
z beam charge number

PAX will exploit spin-fransfer from
polarized electrons of the target to antiprotons



Spin Transfer Cross Section

p+e > p+e
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Beam lifetimes in the AP
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Polarization Buildup: optimal polarization time

statistical error of a double
polarization observable (A7)

Beam Polarization

1 (N~ ) Measuring time t to
_ - achieve a certain error
5ATT—P_Q_N 5,7~ FOM = P2-T
o
—
~N
Optimimum time for -
Polarization Buildup 0.8
given by maximum of FOM(%)
1.fil'rer' =2- Tbeam 06
0.4
0.2

o) 2 4 6 t/Tpam



Parameters for Calculation of Polarization Buildup

Dedicated Ring Antiproton Polarizer (AP)

- 150 m circumference
p-function at polarizing target Py, = 0.2 m
ABS H-Flow 1.5-10!7 atoms/s (2 states)

- (20% above existing performance)

Internal Target
- storage cell diameter d, =y P2 — target density d,=d,(y,..)
- length |,=40 cm (=2-p), feed tube d;=1 cm, ;=15 cm
- T=100 K
- target polarization longitudinal (GEMH =2:Opy,)
* holding field (300 mT)
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Optimum beam energies for buildup in AP
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Beam Polarization in a dedicated AP ring
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Accumulation of polarized beam in HESR

PIT: d,=7.2-10" atoms/cm?
These=11.5 h
5 |
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Estimated luminosity

Luminosity for double polarization

Internal target

t = areal density

L=t x fx pra,.

N ... = humber of pbar stored in HESR

pbar

Q‘rar'gef = 0.85

L= 7.210 x6105x 5.6-1010 = 2.4 - 103t em2 s || 27"

beam

(factor 70 in measuring time for A respect to extracted beam on solid target)
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The FAIR project at 6SI

HESR:
PANDA and PAX

FLAIR:

CR-Complex ) e (Facility for very Low energy
Anti-protons and fully

NESR stripped Ions) 24



The Antiproton Facility

HESR (High Energy Storage Ring)
Length 442 m
Bp = 50 Tm
N = 5 x 1010 antiprotons

High luminosity mode
Luminosity = 2 x 1032 cm-2s-!
Ap/p ~ 10-4 (stochastic-cooling)

High resolution mode
Ap/p ~ 10-> (8 MV HE e-cooling)
Luminosity = 103! cm-2s-!

Gas Target and Pellet Target:
cooling power determines thickness

*Antiproton production similar to CERN ™¥ooling - e- and/or stochastic
*Production rate 107/sec at 30 GeV 2MV prototype e-cooling at
‘Energy = 1.5 - 15 GeV/c (22 GeV) coSY 25



The new polarization facility
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Transversity in Drell-Yan processes

PAX: antiproton beam — proton target (both transverse)
I } 2=MA\2
q°=M
I_
; q
1] !
P | v )(Hf—/ p H
q

do' —do™ .

A =a
TT
dcsTT + dcsN

D exhi(x,,M>h}(x,,M?) T q=u,u,d,d,...

q
TT 2 2\— 2 M invariant Mass
Zq:eqq(xl,M pefsyo ) of lepton pair
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Ay for PAX kinematic conditions

RHIC: 1=x;x,=M?/s~10-3

— Exploration of the sea quark content (polarizations smalll)

At very small (~ 1 %)

PAX: M2~10 GeV?, s~30-50 GeV?, 1=x,x,=M?/s~0.2-0.3
— Exploration of valence quarks (h;9(x,Q?2) large)

Arr/a> 0.3 0.3 s

Models predict |ht|>>|hd]
0.25 2

ht (x,, M)h! (x,,M?)

A..=a

(where q° =q° =q) 0.15 &

Toux,MH)u(x,,M*) 015

T=15 GeV

T=22 GeV

\
\
v
\
\
|
\
\I
v
\
‘\
\

Main contribution to Drell-Yan events

(hep-ph/0403114 v1)

Anselmino, Barone, Drago, Nikolaev

at PAX from x,;~x,~\T 0
deduction of x-dependence of h;'(x,M?)! |

0.2

0.4

XF:XI_XZ

0.6



Signal estimation

antiproton beam — proton target (both ftransverse)

I+ } q2=M?
l_

q
—— |
q.

ol
—
<——

A

1) Count rate estimate.

dz 4 2 _ _
szfl-xF } 9M25?x17[+ X,) .Zq:eZ [q(xl,Mz)q(xz,Mz)+q(x1,M2)q(x2,M2)]

2) Angular distribution of the asymmetry.

_dAo ; B (x,, MR (x,, M?)
do " u(x, M u(x,,M?) 30




Drell-Yan cross section and event rate
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Drell-Yan cross section and event rate

d’c _ Ao’m 5 5 2\ — A ) ‘M2=s X1X5
aMdx, = OMs(x, +x,) Zq:eq [Q'<x1>M )q(xzaM )+q(x1,M )q(x2>M )] 'XF=2q|_/fS = X,-X,
S 2 k events/day . |
5o — 226e
i S ® 22 GeV \ — 15 g:\\//
o S o 15 GeV \

_45 ® 0.8
0 Ty 22 GeV
z _ \ g M>4 GeV
I e N EN S N — 15 GeV
10 E
E L 0.4

10

10 ?_ MM

0.2

10 o | ; ¥ il \__\____“%—““‘“-——-__
M (GeV /Cz) 0.z a4 0.6 08 111
XX, = M2/s

* Mandatory use of the invariant mass region below the J/y (2 to 3 GeV).

22 GeV preferable to 15 GeV 32



do/dM (nb)

Possible option: collider ring (15 6eV)
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L > 1039cm-2s-! to get comparable rates
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Ay asymmetry: angular distribution

_dAo _ 5 h' (x,, M )b (x,,M?*)

Cdo " u(x, MPu(x,,M?)

ngT (é, Q) =

. 2/\
sin” @

(1+cos’ 0)

— o cos(2¢)

‘The asymmetry is maximal for angles 9 =90°
‘The asymmetry has a cos(20) azimuthal asymmetry.

The asymmetry is large in the large acceptance detector (LAD)4




Theoretical prediction

Asymmetry amplitude Angular modulation

0.3 E
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Estimated signal

120 k events sample

nis

z' 3000 a.1

- 60 days at L=2.1- 1031 cm? s-2, P = 0.3, Q = 0.85

4: Q.15

-
‘\\\
™~
™~
™~
~
-

Q.05

-0.03

-0.1

A LSS,

) -0.15 '

Events under J/y can double the statistics.

— Good momentum resolution requested 36



Background

— 108-10° rejection factor against background
O,y <1nb

* DY pairs can have non-zero transverse momentum (<p> = 0.5 GeV)
—coplanarity cut between DY and beam not applicable

- Background higher in the forward direction (where the asymmetry is lower).

* Background higher for p than for e (meson decay)
— hadronic absorber needed for p — inhibits additonal physics chan.

-Sensitivity to charge helps to subtract background from wrong-charge pairs
— Magnetic field envisaged

37



Background for rp—>ee X

Average multiplicity: 4 charged + 2 neutral particle per event.
Combinatorial background from meson decay.

' = efey

K' = 7[06+/_V

pp — h1h2 X h1h2 = KO s ptl-o-lty

e

e

n—>anree

n— ye'e

Prelim. estimation of most of the processes shows background under control.
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Background for pp —>e'e X
Preliminary PYTHIA result (2-10° events)

Total background

Background origin

2 E : 1] o
E x100 ; R x1000 | x100 — 2-x
% —— Background v 1°2§ TN
= Drell-Yan = - — K- n°
i :
“ 1t I
Wﬂqﬂnf nw. . ¢ 'E O Y
3 Q 2 3 4 5
° [ : ) ﬁ%(eev; M., (GeV)
n 3 o E
% 103_% —— Backround '%. 103? — K-K
- 102:_ ‘\\1\1‘ Drell-Yan = 102%_ \:ﬁﬂ! — K -z
1k L M e ﬂljﬂﬂmﬁﬂn [y p M
a 1 2 5
ST e M, (GeV)

- Background higher for pu than for e

- Background from charge coniugated mesons

negligible for e. 39



Detector concept

- Drell-Yan process requires a large acceptance detector

*6ood hadron rejection needed

102 at trigger level, 104 after data analysis for single track.

*Magnetic field envisaged

Increased invariant mass resolution with respect to simple calorimeter
‘Improved PID through E/p ratio

-Separation of wrong charge combinatorial background

-Toroid?

-Zero field on axis compatible with polarized target.

40



Possible solution: 6 superconducting coils

- 800 x 600 mm coils
- 3 x 50 mm section (1450 A/mm?)
- average integrated field: 0.6 Tm

- free acceptance > 80 %

Sperconducting coils for the
target do not affect azimuthal
acceptance.

(8 coils solution also under study) 41
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Jan. 04

15.06.04

18-19.08.04

15.09.04

15.01.05

2005-2008

2012

Time schedule

LOT submitted

PACS meeting at 6SI

Workshop on polarized antiprotons at 6SI
Additional document on polarization at 6SI
Techn. Report (with Milesones)

Evaluations & Green Light for Construction
Technical Design Reports (for Milestones)

Commissioning of HESR
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Conclusions

‘Rich phsysics program accessible with a polarized antiproton beam.

‘Polarized antiprotons offer uniquely access to the proton spin.

‘Projections for HESR fed by AP:
* Poeamn > 0.30 for a stored beam of 5-101° antiprotons.
L=2 -10% cm-3s-!

‘Preliminary DY rates background estimation promising for A

‘Detector concept:
‘Large acceptance detector with a toroidal magnet.

A collider might represent an attractive perspective.
44
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The world
(of hadron physics)
needs .. PAX

Let’'s go after it



