Absolute polarimetry at RHIC

How to measure absol ute beam polarization?
Polarized hydrogen atomic gas jet target system
Recoil spectrometer and analysis

A results from RUN4

Beam polarization measurements from RUN5S
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How to measure absolute beam polarization ?
D _ & £: raw asymmetry
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—. Our mission
[Stanstlcal ISSUE — achieve 5% measurement




How to choose an ideal interaction for polarimeter ?

B Non-zero A, Pt A

M |arge cross section ®

B Common detector set up for different beam momentum. /
B |njection 24GeV/c, flattop 100GeV/c ~ 250GeV/c

Elastic scattering process p'A = pA p,,,,//
In very small -t region. (?) P
Our case: A isproton or Carbon. Proton beam

[ = (pouz‘ _Iain)2 <0

e Intheregion of -t ~ 103 (GeV/c)?, coulomb interaction
and nuclear interaction become same size and interefere
each other = Coulomb Nuclear | nterference (CNI).

- A Islarge from QED Prediction.




AGSand RHIC polarimeter complex \
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H-Jet polarimeter

wo independent polarimetersin RHIC-ring

RHIC pC polarimeter

Target Polarized atomic hydrogen | Ultrathin carbon ribbon
gas et target

Event rate |14 Hz 2M Hz

operation | continuously 1 minutes every ~2 hours

Ay Measured precisely Limited accuracy
- BRPgives P, —> needs calibration with
—> salf-calibration H-jet polarimeter

Role Absolute beam pol. ONLINE monitor,

measurement,

Calibration for RHIC pC
polarimeter

Fill by Fill beam
polarization for
experimental groups




Stream of offline analysis
‘ Ptarge’[ frOm BRP “&rqe’u gbeam ‘ H-jet polarimeter

RHIC pC polarimeter

N —

‘ Poeam 0y H-Jet-pol arimeter ‘ Details of pC pol. are ...
O Today 16:00 ~

Effe
Ay of pp> pp oC- O A. Bazilevsky

1. Confirmation of the
system works well. 0 B. Morozov

Fill b O Thursday 9:00~
for ex

2. Physics motivation.

O |. Nakagawa



Method to get absolute beam polarization
O Beam and target are both

proton, A, should be same.

O P,y ISmeasured by BRP
preC|ser
Starget | | €
Ay (t) — D - D =
target beam
8beam
- Poeam = _Ptarget
target
APl Tl _ gy
I:)beam Ptarget

Forward scatter ed
proton

RHIC proton O

/

H-jet target

beam

4/#
= (Pout — Pin) <O ()

recoil proton

¢ Minimize systematic
uncertainty by using the
same system !

¢ Confirming A is same for
every year, we believe our
system wor ks properly.



Under standing of Ay before 2004

2
em ;. had had*| | em had
Ay ~ Imggmged + g )/|gred
; ~[- Unpredictable

Expect to be dominant . .
and calculable » Parameterized with rg

20.06
< F E704, FNAL 200 GeV/c
0.05
Spin-orhit interaction - Phys. Rev. D 48, 3026 (1993)
from the motion of the 0.041
neutron magnetic moment 0.03F
in the nuclear-coulomb s I 0.0
field (Schwinger 1948) 0.02 ers=0.
N N re=0
0.01 |Rer.=-0.02
>> O 0 ' ' L1 = ! L !
A 0.001 0.001  -Gevier

Physics motivation: Precise A datain CNI region



Polarized hydrogen atomic gas|et target system

Brief history

April 2002

Atomic Beam Source trgectory
calculation completed. Magnets
ordered.

January 2002

Wisconsin Univ. and BNL design
details.

January 2003 <
Chambers for Jet ordered.

March 2004 <

H-jet system installed and completed
commissioning run successfully!

Very stable 2005, 2006 long runs!

(H-jet-target system)
e Polarization

* Profile
* Thickness
o Stability
Very rapid assembly sequen\ce

by super professional team!
OFri. 11:30~
OT. Wise
O Wednesday 9:00~

OW. Haeberli
\_

A



H-jet-target system

=~ * Height: 3.5 m
B . Weight: 3000 kg

e Entire system moves along
X-axis—10 ~ +10 mmto

- adjust RHIC beam position.
RHIC proton

beam

Y. zZ

)

|P12
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11> |2> |3> |4> Hyperfine

) ()1 )1 sructure  H, desociater

H-jet-tar get system
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Target polarization

% Nuclear polarization Nuclear polarization of the
dio | | atoms measured by BRP
¥ | 95.8% + 0.1%
094 -
P+| -(P:) Correct H,, H,O contamination.
ooz | Dividewithfactor 1.037
0 5 10 15 20
time (h)
1 day ﬂ
Polarization cycle
(+/ 0/ —) = (500/50/500) seconds Ptar get — 924% i 18%
Very stable for entire run period ! AR _ 505

target



Performance of H-jet-target system

Target size measurement

« Target sizein collision point 6000
FWHM = 6.5 mm o
SO00 =
» Guarantee required angle — i
resolution A6 <5mrad =
£ 3000- 6.5 mm
o Target thickness along z-axis. o |
(1.3+0.2)x10? atoms/cm? ®@ 2000+
1 000 -
04— N —— T
Achieve designed ! > 0 .
position (mm)
values!

M easurements were done by using 2.0
mm diameter compression tube



Find meeting point and confirm target size

using RHIC

neam!

Using 2.0 mm diameter compression tube

]
|
16000, Using RHIC-beam l
: § : 6000
&.14000(- and Recoil detector 1
= - * [ _
212000} / [ 5000~
= 10000 / l
g / |5 4000-
w 8000 | @
P yFWHM = 6.9 mm ~ 3000+ 6.5 mm
6000 /* A o
-/ \ T 2000-
4000[ | =
a ! I
20001 2.5mm e e e | 1000 -
oL | | | | | x10° L e e o B
0 10 20 30 40 50 60 70 80 90 100 | 04 . . .
Position Gage I 0 5 10 15
- " ition (mm
B Fix RHIC proton beam position position ( )
(diameter ¢ ~1mm). Consistent
B Moveentiresystem for every 1.5 mm step. |
B Find collision point. measurement !



Recoll spectrometer set up
Analysis
1. Recoll proton Kinetic energy correction
2. Elastic event selection
Raw asymmetry




H-jet target - . :
TR “E Si detectors (8cm x 5cm)x3x L-R sides

 Strip runsvertical with beam

o Nl - 8 "'-h'_"

g h 1ch Wldth 4mm (400str|ps)

Channel #corr&epondsto reCO|I anglee

Each channel measureskinetic energy T and TOF



Read out electronics

RHIC-ring P12 3 left-right pairs Si detectors
Recoil spectrometer 96 read-out channels

96 charge-sensitive preamplifiers

55 m twisted pair
cables (category 5)




What we measure by recoil spectrometer ?

Forward scattered Ch#OC OR | eR blg N TR blg

proton

proton beam _?po n )2 0 = fast protons
— N\ utHn 100 :
proton™ @ 3 ARSI
target recoil proton auf_ ______________ Ch#l““'lﬁ

..............................................

..............................................

by iy I f| -|'.'|-.|. t. L
0 1 2 3 4 5 6 T 8 a 10
Energy MeV

!_.Illllll

Array of S detectors measures T, & ToF of recoil particles.
Channel # corresponds to recoil angle 6.
2 correlations (Ty & ToF ) and (T & 65 ) = the elastic process




Recoll proton kinetic energy corrections
v Measured deposit energy = kinetic energy T,

v Energy loss correction in the entrance-window for low energy recoil
protons: Tr<1MeV.

v"Punch through correction for high energy recoil protons. T > 7 MeV.

SO,
Recoil protons Al eectrode
Entrance-
window
T O
Full | | | b
deposit N L >

' ' ' v
Punch-through I :Al anode



Elastic event salection (1) recoil proton identification
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i 4 7 Recoll protons:
o[ EEHEEE R L R e [ToF, — ToF| <8 nsec

Si#1: 1.4-2.5 (MeV)
Blue area. (ToF * 8) nsec

Red line:expected spectrum
from ToF and Ty resolutions
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avant count (a.u,)

T (MeV)
=

¢ HI

3 4 5 6 7 8 9 10 1112

13 14 15 16
channel

== |
1 2 3 4 5 & 7 8 @ 10

i
1 12

|
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Channdl#

Elastic event selection
(2) Forward scattered
proton identification

T, ~2m_ sin@,” oc (ch#)’

Select proper 3 ~4
channels for each T bin.

Si#1: 1.4-2.5 (MeV)

[ Inelastic
y threshold

event counts (a.u.)

0 02 04 06 08 1 12 14 1.6 18 2
M2 (GeVic®)’

Blue area: " selected” channels

Red line: Expected spectrum from Ty
and 6 resolutions



Raw-asymmetry calculation of selected elastic events

O Caculation isdone using square-root formula
O &, : Based on H-Jet target polarization sign.
(sign changes every 6 minutes)
O ¢, : Based on beam polarization sign.
(sign changes every bunch)
O Sort with -t (=2m,Tg)
O Apply background correction, Ry 2~3%
(can vary RHIC-beam condition)

NS NF /NGNS
JNLJNR+JNLJNR

S target
A =

P

target

e

1- RBG



A\ from RUN4




<

Results of Ay Inthe CNI region @ 100 GeV/c

20.06
o A m (o o0 M)/M’f\

3.9 M events

0.04 A Unpredlctable
Parameterized with rg
0.03 ~
Il =0 SEL T mpdnere
0.02F ‘ gg? 12
- PLB 638 (2006), 450-454 R &Rng,%%nt with
0.01— ZRQeptance asymmetry
- h—& - Background correction
u: . o - Elastic event selection
10° 10

-t (GeVic)
Compare measured A, and expected curve with |r;| =0 > y?/ndf = 13.4/14.

Tool itself has abeautiful A, and described from first principle QED
explanation at 100 GeV/c.



Ay and roresultsat 24 GeV/c

=0.06
< B
0.05 - 0.8 M events
0.04 :—
0.03
- s, | Set r; as free parameter
3 _ Y, - Imr;=-0.108 + 0.074
0.02F- Irsl=0 > Rer; =-0.006 + 0.031
- “a | Dy2indf = 2.87/7
0.01 a ‘
u : L L L N L I I
10° 107 5
-t (GeV/c)

o Compare measured A, and expected curve with [r5| =0 - y2/ndf = 35.5/9.

¢ I has V'S dependence ? > Not improbable; theoretical prediction using A P©
@24GeV/c, 100GeV/c and Ay @100GeV/c.



Contribution to theoretical under standing of A

Input: AP at 24GeV/c, 100GeV/c E Prediction:
AP a 100GeV/c Ay at 24GeV/c

0.06 |

0.05 |

0.04 |

0.03 |

0.02 i

| Prediction by L. Trueman (BNL)
0.01 |
i -t (GeV/c)?




Beam polarization results
from RUNS




Ctarget

8beam

-0.01t

Raw asymmetries from RUNS

Y ellow beam 3.7M events Blue beam 2.9M events

0.05
0.0414
0.03?:":
u.uzf— I

0.01F

Starget

target

5 6 1 2 3 4 5 6
TR (MeV) TR (MeV)

Run5 statistics Ydlow: 5.3 M events

Blue: 4.2 M events



Source of systematic uncertainty

Total systematic uncertainty : 2.9%
e Background effect: 2.1%
- Next dide

» Unpolarized fraction of Jet-target: 2.0 %

- H,, H,0 contamination



Upper limit of systematic uncertainty from background effects
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RUNS Absolute beam polarization
a RHIC

P(target) = 92.4% + 1.8%

stat.  sys
P(bluebeam) =49.3% +1.5% +1.4%
P(yellow beam)=44.3% + 1.3% + 1.3%

AP(beam )

— 4.29
P(beam ) ’

Achieve goal !!



Next step towardsthe best accuracy

B Moredatain RUNG !
B Ydlow: ?? M events, Blue ?? M events
B Expected statistical uncertainty is ??

B Remaining systematic uncertainty is unpolarized
- fraction of H-Jet target.

l Currently 2%

B [mprovement Isengoing.....

T e
g e
L e e

Sunrise at Montauk



Pol’ H-Jet on CERN COURIER Oct. 2005!
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Folanzed Frotons

H-jet measures beam polarization at RHIC

The RHIC accelerator collides 100 GeV polarized protons heac
to study the contribution of gluons to the proton spin. But how
the degree of polarization of the beam known? Willy Haeberlig
explains.

Résume
Jet die H paly mmaslirer la polarisation du falscegll sl RAIC

L'ehsermble d'accdigratewrs RANC de Brookhaven procuit des coliisions
frontales entre des protons polarisés de 100 Geld afin aétudier le rile os

Al e Y ENTA A O RSO NI TRTEY AT oS P AL gt Y N ST U R SOt o rprr de

hank you! |}

spin-polarized protons to high energies and enables the study af callisi | )
between polarized protons with centre-of-mass energies up to 500 Ge' |.
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