Upper limit on beam polarization for
single spin asymmetry collisions



Polarization Profiles

e Polarization loss from intrinsic resonances: polarization lost at edge of beam
— polarization profile.

e Impact of polarization profile on beam polarization at collisions:
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<P>=Pjet-average polarization measured by H-jet or p-Carbon polarimeter
In a sweep mode. Py-maximum polarization in the beam center.
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AGS to RHIC polarization Transfer:
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AGS to RHIC Transfer:

Blue: <P> x0.96 ~65.4%, P,=76.8%
Yellow: <P> % 0.99 ~67.5%, P,=79%




Run-12, P, -maximum polarization, P, -
polarization for colliding beams.

24 100 255

GeV GeV GeV

B Y B Y B Y
<P> Hjet 63+3.5|61.1 |57.0 |51.7 |53.7
R 0.05 |0.06 0.10 |0.16 |0.17 |0.15
P, 71% |72% |76% |71% |71 %
P col 64% |61% |56% |58 %

About 3-5% errors, mostly systematic on all above numbers.

Blue-

X 0.96=69%
Yellow- X 0.99=71%




Run 13, Py -maximum polarization, P, -polarization
for colliding beams.

24 GeV 255 GeV

B B
<P>  |65%,AGS |68%, AGS 44.0 52.9
R 0.08 0.08 0.27 0.18
=X 76% 79% 71% 74%
> 50%

58 %

About +/-3-5% errors, mostly systematic on all above numbers.



Run 13, Py -maximum polarization, P, -polarization

for colliding beams. Fills-17396-17440

24 GeV 255 GeV
B B
<P> |65%,AGS |66%, AGS 53.5 57.9
R 0.08 0.08 0.11
> 76% 79% 71.3%
D

61 %

About +/-3-5% errors, mostly systematic on all above numbers.



Polarization profile R might be underestimated due to rate effects (AGS)
and target deformation (largest effects at 255 GeV).

» Therefore P, value can be larger.
e Ideally for Yellow P, should be the Source Polarization: 80 x 0.99 = 79%
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ForR, =R, =R, P,=0.80, <P>=Pjet= 60%
R ~ 0.15 - upper limit on R.

P R, +R

coll

~<P>(L+ HY —— Py ~ 64.5%-upper limit

For R=0.1— P~ 63% P o~ 63% < Py < 64.5%

*Of course, there are systematic errors in H-jet numbers too.
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Polarization (single spin asymmetry) in collisions
Pcoll vs. Pjet

P = it For-R, =R, =R=1+R= /i
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Maximum P, ~ 80%-source polarization
(81% X 0.99 ~ 80%-for Yellow, 81% X 0.96 ~78% for Blue).

For R<<1 corrections for double spin asymmetry are small ~ (R,* +R?)/8.




Upper limit for polarization in collisions (single
spin asymmetry) vs. H-jet polarization.
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3 Corrections

As can be derived from the comparison of Eq. (10) and (1), for the simplified

case defined above, the polarization measured by a polarimeter P is smaller
than polarization observed in a collision (P), hence, in order to be used in a

collision experiment measurements, P should be corrected by a factor of

%:\/ U+ )+ /) o YR iR for Re Ry <l (1)

(1+IR)1+1IR) 1t

When measuring double spin asymmetries, the measured asymmetries are

normalized by (FPg-Py), for which My, value should be provided. It can be
derived from (Pg)-(Py) by correcting it by a factor of

Pp-Fy (1+1R)(1+
{Eﬂgﬂb-fg}z[{1+§}{]1+£ﬁi m 1t s‘rRuRg} for Ry, Ry < 1. (12)
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Polarization
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Polarization

H-jet polarization
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Polarization
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Folarization
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H-jet polarization measurements
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pC-Fill summary

Fill Type | Beam Energy. GeV Start Time Polarization, %
In collisions

Avre. PO Slope, %o/h
17524 phyvs 255 Bay 19, 2013 12:24:07 Sun 5800442 5038371 0.12=+1.20
17526 phvs 255 MMay 19, 2013 18:30:25 Sun 5788 3805520322 0.28 = 0.40
17527 phys 235 Diay 20, 2013 04:42:59 Mon 56.27=3.71 54.78=3.23 -0.20 = 0.52
17528 phyvs 255 May 20, 2013 13:57:43 Mon 5717371 57.00 £3.20 -0.41 £ 0.41
17530 phvs 255 May 21, 2013 00:07:45 Tue 56.51 = 4.01 5280 =338 0.35=0.60
17533 phys 235 Day 21, 2013 13:52:37 Tue 57.44 =410 61.02 = 3.53 -0.16 = 0.58
17534 phyvs 255 May 21, 2013 22:02:41 Tue 5451 +£3.53 5006 =297 0.358+0.34
17543 phvs 255 May 23, 2013 15:02:36 Thu 57.75+3.76 5544 =361 | 1.34+=2.70
17544 phys 235 Biay 23, 2013 18:44:11 Thu 55.30=2.38 51.11 =2.02 0.18 =0.27
17545 phyvs 255 May 24, 2013 05:36:43 Fri 5880200 5986+2.35 -0.08=0.40
17548 phvs 255 May 24, 2013 19:33:26 Frl 63.09 = 4.68 62.87 =3.63 -0.18 =1.07
17550 phys 235 Day 25, 2013 04:00:39 Sat 58.06 =3.50 57.78 =£2.57 0.19 =0.50
17553 phyvs 255 May 25, 2013 16:34:57 Sat 5519+2.76 5517+2.32 -0.06 £0.33
17554 phvs 255 May 26, 2013 02:31:02 Sun 50.50 =2.82 5500 =2.33 -1.02 =0.33
17555 phys 235 Biay 26, 2013 13:24:55 Sun 57.57+2.39 62.76 = 1.98 -0.04 =0.29
17556 phyvs 255 May 26, 2013 23:01:20 Sun 56.26 £2.39 56.44+2.00 -0.03 £0.29
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