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Spin Filtering at COSY

Technical Challenges
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Outline

Motivation

Spin-Filtering Experiment
= |dea
= Cooler Synchrotron/dJilich

Technical Challenges
= High Density Polarized Gas Target
= Maximum Beam Lifetimes
= Beam Polarization Determination

Summary
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M ot ivat i O n Polarized Antiproton eXperiments

Matter

Nucleus

Nucleon
’ Quarks
0- > and
7 ' Gluons
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M ot ivat i O n Polarized Antiproton eXperiments

The proton consists of 2 ‘up’ und 1 ‘down’ Quark

up up down
Proton charge: 2+2+( 1j:1

33 | 3

_ 11 1) 1
Proton spin: S T2 )T

Experiments in 1988 at CERN (EMC):

“The valence quarks intrinsic spin contributes by only 25-30% to
the proton spin”
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M ot ivat i O n Polarized Antiproton eXperiments

« Gluon contribution is to small
(STAR at RHIC and COMPASS at CERN)

proton spin
- Contribution of sea quark
polarization is consistent
with zero
(HERMES at DESY)

szlz

valence quarks

gluons (spin 1)
sea quarks

*  Where does the nucleon spin come from ?
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M ot ivat i O n Polarized Antiproton eXperiments

- The PAX collaboration wants to study so called Drell-Yan processes
in scattering of polarized proton (p) and antiproton (pbar) beams at
the HESR (FAIR)

- Annhilation of valence quark with e o
an antivalence quark is needed!

-  Requirements:

Drell-Yan
process

Polarized proton beam J

Polarized antiproton beam X
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B as i CS : PO I a r i Zat i 0 n Polarized Antiproton eXperiments

Spin s: 2s+1 possible orientations along quantization axis z
« spin'2 — 2 orientations
* spin1 — 3 orientations
magnetic quantum number m=s, (z-component in units of /7)

N | =

intensity polarization
=N, ‘"N +N
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BaSics: POIarization Determ i nation Polarized Antiproton eXperiments

target

proton bea

——

Scattering Plane

Experiment measures “asymmetry”

N, —N
e=P A =——-+

L NL + NR
| analyzing power A, (6,E)

beam polarization
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Polarized Antiproton eXperiments

How to polarize antiprotons?
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S p i n Fi Ite ri n g Polarized Antiproton eXperiments

Polarization build-up of a circulating particle beam by interaction
with a polarized gas target

P...beam particle spin orientation

o, =0,+0, ( P. Q) +0,( }_5 . 12 )(Q - 12 ) Q...target particle spin orientation
k || beam direction

N.—N
P()=""""" —tanh| L |~1.6,-0-d - f
N, +N,

unpolarized
p beam
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S p i n Fi Ite ri n g Polarized Antiproton eXperiments

Polarization build-up of a circulating particle beam by interaction
with a polarized gas target

P...beam particle spin orientation

o, =0,+0, ( P. Q) +0, ( }_5 . 12 )(Q - 12 ) Q...target particle spin orientation
k || beam direction

N.—N
P()=""""" —tanh| L |~1.6,-0-d - f
N, +N,

polarized
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PI(A)(X
S p i n Fi Ite ri n g Polarized Antiproton eXperiments

Polarization build-up of a circulating particle beam by interaction
with a polarized gas target

P...beam particle spin orientation

o, =0,+0, ( P. Q) +0, ( }_5 . Ilc\ )(é - ]2) Q...target particle spin orientation
k || beam direction

N,—-N
P(t):gztanh(ijzt-é‘l-Q-dt-f
+ N

polarized
p beam

polarized
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S p i n Fi Ite ri N g at C OSY Polarized Antiproton eXperiments

Spin filtering with protons for better understanding of the underlying
processes and commissioning of the experimental setup

* length: 183.4 m

* injection energy: 45 MeV

« electron cooling for long lifetimes
up to 600 MeV/c (p)

u .
ELECTRON p—

COOLER  p.cLUSTER
TARGET &

) ) iCooler Synchroton COSY
DETECTORS e = Forschungszentrum Jilich GmbH
SD-52425 Jilich

POLARIZED
H - GAS TARGET

L
-
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O pti m ize S p i n Fi Ite ri n g Polarized Antiproton eXperiments

N.—N
P)="2""" —tanh| L |=& - f-Q-d -1
N + A

1

1. Maximum polarizing cross section ——
» small kinetic energy, where
the analyzing power is known

LI ] UL I = 1T ] T

5
i

0 50 100 150 200 250
T [MeV]
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O pti m ize S p i n Fi Ite ri n g Polarized Antiproton eXperiments

N.—N
P(t)z“ztanh(tjzﬁl- -Q-d -t
N + A

1. Maximum polarizing cross section ——
> small kinetic energy

2. Maximum revolution frequency
» large kinetic energy (compromise between 1. & 2. needed)
» short accelerator (we use COSY)
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O pti m ize S p i n Fi Ite ri n g Polarized Antiproton eXperiments

N, —N
P(t)z“ztanh(tjzﬁl- -Q-d -t
N + A A

1. Maximum polarizing cross section ——
> small kinetic energy

2. Maximum revolution frequency
> large kinetic energy
» short accelerator

3. Maximum target polarization and density
» high density polarized gas target (Atomic Beam Source)
» storage cell
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PI(A)(X
O pti m ize S p i n Fi Ite ri n g Polarized Antiproton eXperiments

N, —N
P(t)z“ztanh(tjzﬁl- -Q-d -t <
N + A A

1. Maximum polarizing cross section ——
> small kinetic energy

2. Maximum revolution frequency
> large kinetic energy
» short accelerator

3. Maximum target polarization and density
» high density polarized gas target (Atomic Beam Source)
» storage cell

4. Maximum filtering time
» long beam lifetime (UHV, good beam preparation, etc.)
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Polarized Antiproton eXperiments

High Density Polarized Gas Target
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Po I a r i Zed G as Ta rg et Polarized Antiproton eXperiments

Talk: Martin Gaisser

Dissociator

I
Sextupole [N W
system i ',-
-i - Atomic Beam Source (ABS)

T — produces polarized atomic
ad l .Ij 'r. beams
MFT I%E .
Sextupole - -
system
" Target Gas Analyzer (TGA)

E — measures atomic and

s molecular composition . . .
" Ch om[:t.r Breit—Rabi Polarimeter (BRP)

— measures nuclear polarization
Target Cell ‘ $| QMA

| Beam Shutter
COSY/AD _-

beam SFT  MFT  Sextupole Chopper
system

- Storage cell increases the dwell time of the target gas atoms within the area
of the beam and thus increases the target areal density
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'L Low- B “ Se ct i O n Polarized Antiproton eXperiments

- Storage cell dimensions are 10x 10 mm with 400mm length
- The COSY beam has to be squeezed to fit through the cell without losses
- Additional guadrupole magnets have to be installed

COSY quadrupoles

PAX quadrupoles
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'L Low- B “ Se ct i O n Polarized Antiproton eXperiments

- The beam size is given in terms of standard deviations as:

o(s) =& B(s)

Low-f section off Low-£ section on
- 35 = 85
£t E F PAX1 PAX 2
m_.x 30— (ﬂ‘; 30:_ \
o=y r oy C 12
25— 251 :
20— 20:—
15— 151
10— 10—
5 5
0_\ L1 | I L1 1 I 11 1 1 I 11 1 | I L1 11 I | | | L1 1 | I L1 1 | 0 L1 1 1 I 11 1 | ‘ 11 1 | | 11 Iii ElEI 11 I 11 1 1 | 11 1 1 l 111 1
0 5 10 15 20 25 30 35 40 0 10 15 20 25 30 35 40
s (m) s(m)
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'L Low- B “ Se ct i O n Polarized Antiproton eXperiments

- The beam size is given in terms of standard deviations as:

o(s) =€ p(s)
\"‘*-..:,f’f J L :_f/ "\.\

BB, (m)
A\

- Beam sizes of 20 = 1.2 mm can be reached
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Ta rg Et HOId i ng Field SyStem Polarized Antiproton eXperiments

* The target holding field system provides magnetic guide fields in the
order of 1 mT in x-, y-, and z-direction

+ Switching of polarization within 10 ms

- Compensation coils avoid influences on the beam axis

| | n |
! | Ii\. | q
. i .
|
a

IKP & ZAT
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Target HOIding Field SyStem Polarized Antiproton eXperiments

y-direction

-800 -600 -300 -
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Polarized Antiproton eXperiments

Maximum Beam Lifetime
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COSY Ultra-h ig h Vacuum SyStem Polarized Antiproton eXperiments

COSY UHV equipment and control system

alle Ringschisbar

COSY Vakuum |

Strahlfreigabe fiir Ring
Strahistop offen (BS11)

~I3
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COSY Ultra'high Vacuum SyStem Polarized Antiproton eXperiments

COSY Vacuum control per section

=leix
|

;:; Sektion 1.1.2 Sektion 1.2 Sektion 2.1
ey B

&) & v =Y ) ()

& & ) ) ()
= -2, o, -
Sekto [zrae2]
Sekion 5| ‘ ‘
Selion 6| ‘
s: == 1] % e
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m
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PAX Ultra-high Vacuum System

PAX vacuum section

IG pumps
NEG coated 100 V/s
beam pipes
(each 5000 I/s)

IG pumps
100 I/s

<10""mbar 2-10""mbar target switched off
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PAX Ultra-high Vacuum System

PAX vacuum section 3.10"H/s

l IG pumps

NEG coated 100 V/s
beam pipes
(each 5000 I/s)

IG pumps
100 I/s

<10 mbar 2-10"“mbar target switched off

<10”mbar <107 mbar target switched on
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PAX Ultra-high Vacuum System

PAX target chamber

Fast shutters
toe — (<15 ms)

Flow limiters
(d=19 mm, | =80 mm)

10 SAES getter pumps
with 1900 I/s each

HiPace 1800 turbo
(1200 I/s)
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PAX Ultra-high Vacuum System

PAX target chamber

800°C Heater

450°C NEG

Jalousie — Heat shield
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Orbit Correction

PI(A)(X

Polarized Antiproton eXperiments

- Measurement of beam positions and the beam size along the
accelerator using an ionisation profile monitors

CCD

Viewport
DN100CF
-

8 DN150CF

MCP-PH

E-Field

7

Filament

Main
flange
DN250CF

9. August 2012
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- Measurement of beam positions and the beam size along the
accelerator using an ionisation profile monitors

- Optimize deviation of beam from nominal orbit in an iterative process

| Horizontal orbit correction |
40

E — Target Cooler = = uncorrected
E [ Telescope i Arc Telescope = 1st iteration
: 30 :— ,' ‘\ —— 2nd iteration
- I |
- ] \
- ¥V A
20 — " \
- ' L A
= \\ P % ¢
. <
10— ,’ \ / \ ,’ \ ’ ’
- Fi ) 1, "\ '
- ‘\ . N i'/" \ ! \“ i
- / : -~ A
00— /\y_{,_\.. —_—) \'.\ | > n o
— \ 7 \ 1 h\ \ 7
I \ - \ / \ \ ; V
— N v oo
10— ' v
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Polarized Antiproton eXperiments

Beam Polarization Measurement
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Beam Polarization Measurement éé&

Polarized Antiproton eXperiments

Talk: R. Schleichert
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Beam Polarization Measurement PIC(AI(X

Polarized Antiproton eXperiments

+  Measurement of L-R asymmetry in elastic pd scattering

- 2 Silicon Tracking Telescopes left and right of the beam target
overlap region

- Deuterium cluster target ( 1-10"atoms/cm’)
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Beam Polarization Measurement PIC(AI(X

Polarized Antiproton eXperiments

- Measurement of L-R asymmetry in elastic pd scattering

- 2 Silicon Tracking Telescopes left and right of the beam target
overlap region

- Deuterium cluster target ( 1-10" atoms/cm”)

Z

Top view T
X==

13.5mm 20 mm 28 mm

- e = - / p Detectors measure E, O, ¢

d « particle identification
\ - selection of elastic scattering
© events

65um 300um  5100um

cluster target
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Beam Polarization Measurement ééé
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PI(A)(X
Sum mary Polarized Antiproton eXperiments
* Very good understanding of the spin-filtering method and how to
optimize the experiment
- Beam development procedure: improvement from 500s to 8000s

- Successful commissioning and usage of the experimental equipment
of several subsystems:

Atomic Beam Source, Breit-Rabi Polarimeter, Silicon Tracking Telescopes,
Temperature Control, Pressure Readout, Data Acquisition, Vacuum System,
Flow Limiter,
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PI(A)(X
S u m m a ry Polarized Antiproton eXperiments

« Successful spin-filtering experiments with measurement of the
polarizing cross section at COSY!

[ Polarization buildup with filter time |

c0.015
2 H ;
g [ ot 0.1674/1
5 0010 dPridt 49196072 1.908e-07
2 - | P(t=0) 0.0002287 0.0009123 * R
¥ o
olms_\:_ ------- 1
R © target polarization +
0:";‘;"_ -------- B target polarization - I
0005 v + f
O [/ nat 0000403171 LT + .....
0010 dPidt 4714607 + 1,570e-07 l
T | P(t=0)-0.0001161+0.0008101
0 1
0

5000 10000
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Polarized Antiproton eXperiments

Additional slides
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Polarized Antiproton eXperiments

| = * —
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- i % !
| | Je———— 2000 | ;1
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S p i n -fi Ite r Cyc I e Polarized Antiproton eXperiments

« A cycle consist of two subcycles with reversed target polarization

| Spin-Filtering Cycle |

o Polarization Buildup Polarimetry Polarization Buildup Polarimetry
S 200 H : : —10.01 _
c : : G
Fo ! ! '.g
@ ‘ : 0.005 &
S . : ks
= i ! g
€ 100 i ! 0 =
3 i : g
! : -0.005
i |
0 i I i = -0.01
Spin Flipper DL DL
Cluster Target
ABS ON/OFF
HF Polarity *) | ! i ;
1 il | 1
0 5000 10000 15000 20000

Time (s)
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S p i n -fi Ite r Cyc I e Polarized Antiproton eXperiments

File Setup Commands Help

1 | I I ' 4p000
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Polarized Antiproton eXperiments

- \ Beam current
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PI(A)(X
Sto rag e Cel I Polarized Antiproton eXperiments

- Storage cell increases the dwell time of the target gas atoms within the area
of the beam and thus increases the target areal density

length: 400 mm
area: 10x10 mm

open closed
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Polarization Measurement Using qﬁjéé
pp Elastic Scattering

slarized Antiproton eXperiments

| FOM polobs T=49.3MeV | NN-OnLine PWA93
+—Cyy :
/ : § : e G
20— A ................. , ............. , ................ s Tt

10 20 30 40 50 60 70 80 90

9I.b

X =do,=1+A, |(P,+Q,)cosg—(P,+0,)sing|
+C,, :PxQx cos” p+HP,Q, sin’ g|-(P.O, +P,0,) sin¢cos¢]
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Beam Polarization Measurement ééé

Polarized Antiproton eXperiments

Eventsin left L; ; and right R; | detector

s Rl T O /ER/ﬁ‘f{ 1+ PA,(0)
VIR LoEr0, On F B Erege 17 PA®)

I R s
“Ts+1 y(8)

. €
Ay (0)

Figure of Merit: 2
FOM = Ay - ETy)
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Gerlach's postcard, dated 8 February 1922, to Niels Bohr. It shows a photograph of the beam splitting,
with the message, in translation: "Attached [is] the experimental proof of directional quantization.
We congratulate [you] on the confirmation of your theory." (Physics Today December 2003)
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