_Po'ari-eea( Beams

E. y‘/CfFens
Univ. dF Erlaujcm - N':'“Hbué (GER)

1. Introducton

2, Polarized ifon sour(es

vhort | no &

3. Acceleratign dl g:o(. beams n
circular machines

LI‘, Bu.'ldu,F aﬁ polqn‘%a{-«’am e S’Hfujt; P«'Mﬁs

lecture jc'uev\ ot * Cauca sian — Germun
School awnd Workshop on Hadrow Physics"
Thil's/ (Georgia) 30.8 ~2.9.2004



1. Introduction
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( Intvod. to Pol. Beams, cuid. )
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2. Sovrces of Polarized Protons

o Type of source relafed to accelerafor

o Most efficicnt accel. for hish energies:  Synchrotrow
Modern synchrotrons also used as exp. Storaje viup:
“ storage ring accelevator’
e.g. COSY  RHIC® HERA® Tevafrow™ LEP/LHC™
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Fist step:  Atomic Beam Source (A8S)
Hyperfine Structure of Fhe Hydrogen afew:
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3. Accelerahon of Polarized Protows
in & Circular Machine ; Symbrotrou
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Spin Precession on Circular Orbits

- , Aa
S.l. = Spin corvo\nev\.‘t c
L to w, lintha %@/
ov b+ pl t
it plane ) Nwrs A
VT Prec b“qh(

Xpree. = < (fangent §:_ )

e

womufvn?

le = IE’PI = &%, =/Xa: w)

Lo:-euf%/ Q:wma!y: —3—5—2 =q (E G )

factor

Note: a is &1 for trve Diruc particle | like e, M, v
(ﬂ."‘_, + 0 explarned by QED )

Reminder: Proton has S'H'W Comp. S =1 ‘L‘f\'

z 2
and MJKLHC Mmoment /A* = £ i— 9o %P
\
INTE 9p = 5,586 non- Dirac parbcle, Pu
— internal strwciure
A Gy = 1.993
0 Non - relafivistic_ (fz 1): Wpree. = 1133 W0,

Elou W, de frined (v o frame rotakmyp Lol r..:a
The hov. Srl"\ c;om,au\e,qi" g_ precesses {.79% x
pesr +upm ! (—p ? _S-Pf'n tune Vs )

o fFfu_{- OF dl'POle_ mq3“¢_+:

—

3 A\’&;\ \M 1?93 4
/“’/oﬁ' ay = -

Xorec.




(spin precession o Circular abits | clid. )
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Acceleration of

Polarized Protons by COSY

A. Lehrach , R. Maier,

O. Prasuhn , et al.

¢ Imperfecﬁ'oh resonances ( ya = n)_‘:

Proper spin-flip induced with enhanced
resonance strength (correchow dipoles).
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Example - Depolari®ing Resowances m_CO3y

_ imper{-ec-h'o v
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3360.6 2550.8 3+ + 3+ tl,,
same d e,Pa_Mn(
Energies on vertical
for all tume | i e
own -
P r?.’- ’ machine
i - .
> opHics.

imporfe ction

and

fen intringic resoenances

i COSY |

1



Spin motion with 190° solenoid

° Srake of 1%
e ' ( Kind )

Result:

1. Stable (ongrtvdinal
polarization (P )

1. Spin comp.
travsverse to
S hawe Spiln
tvne %

- No resounant

depda rizatron!

1A
12 stable
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P;’once_n'sy werk af VEPP.y ( Novasr'lu'rsk) (19%2)
g |
o Full snake : T O _} ) — X, = |ao°J
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(BNL : helical Jch’C:!)
o.
o Purtial snake: Xy = 1%" (n=12,3,...)

applied «f AGS /BNL

Siberian Swhakes provide d
globu! cure of imperfechon v,
and (in first orde ) alyo for
(ntriusic resomnances !

¢ Sysfewatic Sfudies pw—fwuul
at IUCF Cooler f't'ig
T. Roser, R. Pollock et al
—> Many newr di's covartes
and thesr. explavatious;

new “spin tools " developed.

o Applied at RHIC !

by A.kh's'ck,
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Polarized Proton Collisions at BNL

Polanmeters

Lmax= 2 x 10?’2 s cm

~ 70 % Polarization
Vs = 50 — 500 GeV

RHIC

PHENIX

Spin Rotators Siberian Snakes

2}(1011 Pol. Protons / Bunch
€ = 20 ®* mm mrad
Partial

Siberian Snake

Vertical
= AC Dipole

Accumulation of 20 Pulses W SN MeV

411111011 Pol. Protons / Bunch Polarimeter

€ = 10 ®* mm mrad
Linac

35 pA, 350 us, 5 Hz _
80 % Polarization = Polarized H Source




4. Self - Polarization in Storage Rings

Tuso cases relevant for experiments:

A, PFPolariped stored antiprofons (,'S,T)
Ps are expensive — most effsciet
nwse Very ,'mrdr-"'o;nf: s{orajg ﬁ.nJ.'

B. Polamzed sfored electrons /POSf’t‘.NM

stored e oF l"'b" current allow fo wse

Pol. q«s ‘&argc.bs ((.T‘B") ~» - pure
- high av: polarieatin

(A) ¢ Severnl wethods {rr PT Frod-wh'on s Cussed

€.g. Werkshop Bodya Bay 1935
AP Conp . Proc. .'i'.i

¢ Two methods were shedied theor. aud/or
experimentaly:

"L, . d u -
2 S'Pm Splitter ¢ Jtern - Gfrluck -Pn-c.c on /"5' by
Jradewf fialdls —+ coherent SG kitha!

-» Nno experimental Aevnonsbration yet

* " Spin FiHer "™ ; Sru'-\- dera.h dent qftenughiow

of '? benwn —» buﬂol-u.') of
pPolour actfow !

> experivnental devnonstration with p
at TSR /Hu'ole(bua (1392)



How o Polcm'-}c Stored antiprotons ¢

K-,_/’m-.%_'_,h'-(“ "/E\L 5&’?’ 8"‘# / 1785 ( l.;l‘l;vmlw.-far;x.; Jvic.sg'bt-h; }*“1(’“;53., j%._-“f'.~f5‘;1_,
v.d.Heer, Yokosawn,...) —» Filler method (s the most poromuising
method Jo Polarize stored antiprefons.

(sonka , NIM €3 (1967) 243 ; kilian + Moh! , T/ LEAR werksh.
Erice (7322

Electron \
cooling

Large

Acc. Storage
al cell ]
SR

B H

Dipole magnet Low—
quadr.

Atomic beam
source

Reguire mewks :
o Internel Ty target - high density

o Large aceplance - § _ 2 15mred

» Continuovs COoling. — Ecool
® lon; polarization lite time ~ hovrs



Spin filter method

For P " and T‘l:-rga vertical :

—> 6'*0' = e‘o + 6"'PB.P'I"

S A
Spih - depe ndenf

Assume B =1. The unpol. p beam has 50%
ﬁ' WI:H'] 1N = +4/é ) 50% w‘r?‘h wr = - Ya i
e B

M(F)= 1"'6 : q;‘

«
v s Gy T g

Il
a
-+

~ | Intensity L(t)=e 1o |
\Polariraation Plt) = fqn;,flyt

1

Beqam ((Fe Hme Polarizafpu bur'/d—up t1me
o -
1 z' = ; :
iz;’ %’n}&] 1 &N fo
- tevolu fron
KI d::’;:% frquenc&
p “ﬁ.?;h\



¢

Pol. Build - lfp as Funchou of time

F. Rathmamnw b al , PRL 2l (1393)13%

EFFCC-{"‘UC beq""l LlFe t““"-e Z',# = 30 min

—~ losses due o siugple - scaffeny Coulowb
losses

— 0.03 >
-% -0.82 g
O 0.02
g 001 G
0 0
—0.01 : 7 0.01 fl.{' M.Jl"'ll
—0.02 | mo depol.
C ® Proga 3 0.02
iy Ol oo b Ui B el i
O 20 40 60 80 100 120
filter time [min]
Obseruved : = 13 % /
-y / l"l.du.r
ESpCies ’-Dl-luar = 2.5 ‘z’ A\our
{rom kwnown '
Pp - (ateraction

Found lates (Horownk « Heyer , PRL 72 (199%) 39%1).

Des-l-rudw-c &fﬁcc'f' fr-om e p mteraction j
H targed Lad kss‘«. electron pel. , tos.

—> Sffect can la em«gloyd +s polarae p, _’

( see lechve F, Rathomuss)
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(B) iolariaed Storved Electvons /Positrons

o Sokolov + Ternov (196%): Prediction of budld-up
of polarization i HE s=lectyon stormage ™ngs !

o First+ obsegrvations: AC O/Orsay 1968 + *1
VEPP-2 /Nouosibirsic 13%1
p- 417

o Qualitadtive argu ments (1.D. :lacksah{ Reu. Mod. Phys. ft_?(%)):
- De{:le cf-!'us Fu’c(c‘ BJ_ +m‘:omu‘ info eleckron resé
'Frume 2 B;_ = ;“ 23

T
HERA : BD;Pm < 0.18T }—- BL ~ %000 T
y =53 ¢&00

-  Jtate of lowest €nergy ‘B.;-T’I’:“ (/:ﬂ"g)

Po’w’a'} ed by M1 - kra n;”?fﬂ?ons :
—> slow bu:’ld-up aﬁ 'pulan'a-q.l‘(b\.!

¢ Quantifjve (olorol. neglected ) : 2
radiative y A
Polar;sq“'f'Ov\ P (t) * Po (4 = et/t)

woidth P, = e = 0.924
r o= 935 (8/m)® R o 1 1 3 4
(E/Gv)® ¢ .

Here: 2R = C ([ circumference inch. Straights)
g = be"\df‘g radius 1w fke oln'polfs

HERA: C= 633w — R = 1008m N
33“’\;“

¢ Depolarization 1ncluded — T‘U‘P and B .. veduced,



HERA ¢e-p Ceoliider

_EL = 1%.55 GeV Y, = 62.5 EP = §20 GeV

Yubstanhal [ncrease im £ rtjuires
big fnotstment info SC cauvihies!

I-:Gsl!n = 58 mA /n ~210 junches {’ = 10. Y7 My 2 96 us

)
Pre,e»f: L™ = Y49mAd ; 7T (et) ~ 6-8&h .
(. ¢ ~ 03mm agnd G’M ~ 0.17mm o LP

hor

Electrons self -polarnzed

P(et)

aZ3Y

Ha'le NORD (H1Y
Hall NORTH (H1)

H1
2Evs + H1:
® inshall. of P Halle OSTi{ HER "ESI
rofa'h" not Hall EAST )
before 96/9% X spin Rotator
s
%

Haite SUD (ZEUSY = 4
Hal SOUTH (ZEUS) -
=

s gl _
@ ZEVS

HERMES rums in parellel fo 2€US + H1: mo

sérong interference! (Backgrovnd , beawm Lif

time : Alma e 454 at preseat)

high ,qa/n in int. Luwdnosrt compased tntb '
" - 7 cledicaled punniy Ji




Orbi b ' -
o’g{-]ed-%s ORB_IT _ 3 2 FH
® hﬂlﬂhh' dbﬂm‘
@ Vll“l'l'l:a]
SPc’h — #
pression - diceetion
P

Mini - RotﬁﬁrS ( L = 50 wm anly)

- Or brl excursioug
T R
g S BBt for Hhe fwo Spin

oli rectons £,

mayndy are
0 mo ved franso. !

z{m]

First achicvement of lowp. electron pol. ra a HE elechion
Shrage vup

90 & : - = s
g & g;—— Spin Rotators Off — 7// <— Spin Rotators 0:1_-)J D.P. Barber
.5 70 & WM 4 af /
S 80 AL N(M (199y)
50 | @J z
w0 F ¥ A
30 E ‘pp
20 E t ) Longitudinol -
F Polarization
10 & Transverse Polarization at HERMES I.P. [
3 .
0 -_L I N G (N (N LN T o v (R PR [ T W ol s g 5 q'SO ,3’*
7 8 9 10 7 14
Time (hl

Trans verse polcn'e-ah'an detecled ~vim back scafle rriyp

op Polq:*f'.g.el jc(fer P‘Laf'o“f (NOH’: Tpo' i LPa(J
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SUMMARY
o Polarized beams play rwporfont role

in nuclear aud particle physies.

o Two dlternefrves:
= pol. Sourc@ and accelerefroc
of Polcrie-ed 10us:
* most flexible
% crossing Of resonances jnvolved !
(i circular mackinas )
- buldup of polarization
In Stored beams:

# less flexible (no rapid switching)

¥ aveids resonawnce Crossivg

¢ Several examples —s powerful {ools
exst for next genecation of
hadron physics experiments !



