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AGS CNI Polarimeter 2012

4 different detector types:
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3' Carbon Target I6 = 3,6 - BNL 1 mm, fast preamplifiers, L=30cm
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2012 RHIC Reference Runs. Det. 7 puzzle
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* Polarization measured in Det. 7 (inner, slow
Hamamatsu) differs from the result in other
detectors

* Why can we trust to this result ? (square root
formula is not applicable for a single detector
measurement)

* To understand this result we have to review
what actually square root formula does.
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Square Root Formula

Systematic errors of the polarization measurement may be strongly suppressed if 2 left-
right symmetric detectors are used and proton spin is flipping during the mesurements

(N}: = No(1+a)(1 +€)( ) . — _
< NE = No(1 — (L)(l + F)( ~\) Exact solution o \/]\'R‘NL _ _\/]\.L N;

N; = No(1+a)(l—e€)(1—-X
o O( )( )( ) (Plus similar equations for the € and A)

a — polarization asymmetry
€ — acceptance asymmetry
A — luminosity asymmetry

Square root formula is absolutely valid as long there is no
correlation between a, €, and A.
(and if we neglect statistical errors in measured number of
events)
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Possible correlation between asymmetries

Nioc(l+a+dr+02)(1+e+8)(1+N) Gmens. = -+ 0.
RNl R
X (l—a+o0oLr — 0+ — € — +
]: Ameas. = A+5LR—/{|:—;KE
[N o (L4 0= dpp — ) (1= e +5) (1= A)
Actually &,, 9., J; are systematic errors
in measurements of the g, €, and 4,
respectively
0, - acceptance asymmetry dependence on beam polarity. \1 » '
Possible source: a shift between averaged beam/target positions for positive PR SR .

and negative polarities.

O,r — left right asymmetry of the analyzing power due to inaccurate calibration etc.

O, - analyzing power dependence on beam polarity.
(here added for completeness)

Since A must be the same for all detectors, the monitoring of A
allows us to estimate possible variations of
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o0, - acceptance asymmetry dependence on beam polarity

Vertical target: e ; e
x-coordinate is defined by the target position. - ..

We may expect 5= 0. .= Te

Horizontal Target:
‘ x-coordinate is defined by beam position.

If |x,-x_[| >50 um, a percent correction to the
measured polarization is possible.

Could ¢, give an explanation of the discrepancy between vertical and
horizontal target results ?

Luminosity asymmetry profile could answer this question.



5. -

analyzing power dependence on beam polarity.

For a pair of Si detectors we can measure (determine) 4 averaged analyzing powers:

(afy = a+0Lr + s +0,
ap=0+0Lr — 0t —Op
ag:a,—ém+6i—6n
\QE:&_éLR_5i+6n

An estimate of the
0,40,

CL:E _ j4N(ﬂNﬂ:(t>dt
[ N.(t)dt
N=(t) = No(t) x (1£ An(t)P)
X at —a (A%) — (An)?
St =7 +a- (An)
2012.12.05
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| 6./a| < 104is very small and contributes only to the
acceptance asymmetry. We may neglect this term.

| 6,1<107 is correction to normalization, e.g.
0,r~> 9,z/(1+6,) and, thus, may be neglected.
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O, — left right asymmetry of the analyzing power
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A is the same for any strip pair.
We can evaluate 6,,

&,z should be compared with a=~ 10



O, — left right asymmetry of the analyzing power

Lum. asymmetry from the CBM.
Calculated 6, (from data)
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Multiple (non-symmetric) detector case

a; = (An(t))isin0; » NF = (1+aP)Gi(1+ \)
A is the same for allstrips N =(1—aP)Gi(1—\)
(G; is detector acceptance

For n detectors, there are 2n equations and n+2 unknown values. To find P, A,
G; we should minimize the

NF - (14 a;P)Gi(1+N)°

s
Rl

1,%

Iteration method: The method works well in the
0. P=0.A=0 case of asymmetric detectors.
1. NN~ For example, 90 degree
| = Lt ~ 1/ NTN- —4 H )
e \/(1 —a?P?)(1 - \?) NN %A1+ 0(1077)) detectors in one side and 45

degree in other side

2. Minimize x¢ with fixed G.. (Find P and A)
3. Goto 1.

We can determine A using all detectors and then study every detector separately.
Also, we can get A from non-polarimeter data, e.g. from CBM.

The method might be helpful for the RHIC polarimeter !



Fit vs Square Root Formula

All detectors in Fit Right side detectors only in Fit
-_% 100|_V|Talrglat2l o Filtl\fllz-]slI<=|0)<IFFI T lAIIIDét_ _% 80 __VITarlget‘2 - i:ith}las‘k=tllx0i: - IAIIIDetI—_
I I (P-P,) = 0.16+0.01 | I i (P-P) = 0.39+0.45 |
S G = 0.460.01 5 60l o = 18.33£0.35
x l x :
50— — 40__ ]
I | 20/~ -
0 050 0 50
Statistical accuracy of the polarization measurement =2% (single run)
An estimate of sigma for the
* For symmetric detectors, actual difference between the Fit and right side only fit
the Square Root Formula is accounting of calculated 6,5, which op/P o vN
does not affect polarization measurements. N(sinfr —sindy)
* The F'F work§ well in asymmetric case. oo V2(in00° —sin—90°) o
* The Fit provide a better control on the results of measurements. TONOF ST G000 — sind5°

* Polarization angle @ and beam position (x,y) could be easily
entered to the Fit.



Evaluation of the systematic errors in the Fit

2 s 2
5 No acceptance asymmetry §P =Py — P = ]521 Nia;e; sin” b;
a, ]5, ) are true values of a, P, and A ~ ~ Z N,a;e; sin b;
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£; — &; + 0¢€ .
(€Right Side) = (ELeft Side) 5P, — P (Ek _ 0P A )
Only first constraint remains if luminosity asymmetry A can be P Pay, sin 0y,
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Polarization [%]

Polarization [%]

Searching for a bad detector.
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* Detectors used to calculate luminosity
asymmetry A are marked red.
* Mathematically, neither picture has a

\preference.

Physically, we prefer to think that Det.
7 (and, may be, Det. 0) should be
excluded.



Relative Rate

-+t = 2M.E,, [10°GeV¥c?
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Strip Comparison. Run 2012.
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* Slow Hamamatsu detectors are excluded from the determination of A.
* No good understanding for 90 degree detectors.

Aphy

is not correlated with calculated A,

* For fast Hamamatsu (45D): A,(L)#A,(R) but P(L)=P(R)

* For slow Hamamatsu (45U):

2012.12.05

AL(L)=A\(R) but P(L)=P(R)
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Single detector polarization. Run12 vs Runll.
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* The similar problem existed in Run 2011 (but there was no problem with dP/dl)
* The effect can not be attributed to the error in measured value of analyzing power
* Measured analyzing powers in the fast Hamamatsu detectors are different,

but there is no difference in measured polarization.

Run 2011

Run 2011



A more detailed look in Run12.
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Polarization [%]

Polarization [%]

Intensity scans in Run 12
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Sometimes detector 7 problem gone !?
Is it beam intensity dependent ?
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Summary

* Sources of the systematic errors in the “square root formula”
were considered.

* Extension of the square root formula for the left/right
asymmetric configuration of the Si detectors was discussed and
tested.

* A systematic error of the polarization measurement is solely (?)
defined by the average error (<da>) in the calculation of the
analysing power (a), e.g. OP/P = -(da,+dag)/2a.

* Luminosity asymmetry measurements allows us to estimate the
(oaq-6a,) and, thus, get a hint about the value of P/P.

* A big value of da/a=-10% is found for the inner slow Hamamatsu
detector (Det. 7).

* There is no correlation between measure asymmetry and
calculated analyzing power in 90 degree strips.

* There are many questions which still need to be answered.



