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Beam polarization measurements at HIET
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For concurrent measurement of the

beam and jet asymmetries, the beam P _ Aheam Pp.
olarization P can be related to the beam — . jet

P beam a]et

well known Pje; = 0.96 + 0.001
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Determination of Spin Correlated asymmetry

L VNg Ny — NNy
VNEN[ + /N[ Ny

N7 is number of detected

events depending on detector (NE’ =No(1+a)(1+e)(1+ A1)
side and spin direction. a, €, and ) Ng =Ny(1—-a)(1+e)(1-2) . JNANS — /NgN[
./1are s.pin, acceptance and N;" = No(1 —a)(1 —e)(1 + A) - JNIN; + JN; N,
Intensity asymmetries, N, = No(1+a)(1—¢€)(1—2)

respectively.

__ YNgNg — YNINS
VNgNg + NN

The “square root formula” gives exact and, thus, systematic error free solution if
asymmetries a, €, A are uncorrelated.
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Corrections to the “square root formula”

Sources of the first order corrections:
¢ Absolute values of polarizations for spin up and down are not the same |P*| # |P7]|.

* Analyzing power is not the same for left and right detectors Al(f) c A,(\,L).
* Acceptance w in left and/or right detectors is spin dependent wt#+w™.
Systematic errors in asymmetry measurements: P = m, &SP = w
AP + 64 wp — w i e
sasvst = pZ2n T 0w | O0r = O 50 = Lol
2 2 w= ot |+ lw~
(R) ) lw*|+|w™|
0A,,~ — 6A dwp + 0w
syst — N N R L __b (bgr _ __ dAN(TR)
Y P - f— §Ay = - (Ay" — Ay) NI STy

SeSVst = §PAy
b is the background fraction in the data and
TR = — t/2mp is the recoil proton energy

* Since the measured beam polarization Ppe,m and the intensity asymmetries Apeam and Ajet
must not depend the recoil proton energy Ty, the measured functions Pyeam (Tr),
Apeam(Tr), and Aje(Tg) can be used for a routine control over systematic errors.

* The measured spin asymmetry is insensitive to values of § Pje; and 6 Ppeam. The effectis
“absorbed” in the systematic error to the acceptance asymmetry.



Acceptance dependence on spin
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Figure 31:

Left: Effective electronic noise for the jet spin up and down in Run 15. The difference scaled by factor 10 is shown

by the histogram. For the measured jet spin (center) and intensity (right) asymmetries, B points are for the all blue Si detectors
and A are for the analysis with no strips 72-83 data used.

* In Run 15, RF field generated noise in one blue detector, which effectively altered the
detector acceptance.
* Large systematic errors in measurement of jet spin and intensity asymmetries are
strongly correlated.
5aVst = —Sw,; /2
SASYSt = Sw, /2
26 May 2025
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The up/down average Jet Polarization

* Depending on the RF transitions used: cos20 = —2hold _ — 921

2 2
| Bhota+B¢
__ Nny+ny cos 20-2n,€7_,3

_P_ —_— =~ 96% nz/nl - 100239
ni{+n,
P_|_ _ nq+n, cos 260—-2n, cos 20€,_,4 ~ 96% The BRP counts:
n1+n2

m_ =ng€;,3+ N
~ 49, my =Ny +Ny€x g
My = Ny€1,3 T Ny€54

P = nq{—MNy €0S 20 —-2n1€13+2n5 COS 20€,_,4
0 TL1+TL2

The up/down average polarization, needed for calibration of the beam polarization:

AR

.= ——X |1 —cos20 + €3 +€,_,,C0S 20
]et 2 nl + nz [ 1-3 24 ]
_ 1+c0520_ my + 0(0.01%) P, + P_| = 0.2%
2 m, +m_
96.1% ~0.3%
(defined by the holding field magnet) (measured by the Breit-Rabi polarimeter)
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Analyzing power in Left/Right detectors

Analyzing power as a function of the momentum transfer squared t (or equivalently as a
function recoil proton energy T = —t/2m,, may be different for left and right detectors,

AR (Tg) # AV (Tp),
e.g., due to inaccurate energy calibration of the detectors.

5A (TR) + 640 (TR)

SasYSt(Ty) = P

SAVY (Tr) — 8AY (T)
2

SASYSE(Ty) = P

* In some cases, the effect can be identified by studying dependence of measured A(Ty) on the recoil

proton energy (but not always)
* Nevertheless, if no background, since the same events are used to calculated jet and beam

asymmetries, the measurement average ratio dpeam/ ajet is insensitive to possible values of
SAY (Ty) and 64 (Ty)
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Can unpolarized jet be considered for EIC?

If no background and no acceptance dependence on spin, the beam
polarization can be precisely determined with no knowledge of the

analyzing power.

Alternatively, if Ay (TR) is known, the polarization can be found with

accuracy better than 1% because
* Tgis well calibrated due to a- calibration

TR Epeamtmyp

. . ZR~Zjet
e Elastic events can be well isolated —= =

* The background can be accurately subtracted. In particular,
“molecular hydrogen” background is inessential (not a
background at all) in this case.

AN (TR) was precisely measured at HJIET for 100 and 250 GeV
proton beams allowing beam polarization measurements in the
beam energy range 100 — 255 GeV

AT A By =100 Gev | ANT)E

0.04 f ERN:
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The elastic distribution shape
is defined by the jet profile
and, thus, should be the same
for all Si strips.



Background sources in HIET measurements at RHIC

Molecular hydrogen in the Jet

H, 2 x 1077 torr

Jet 5

Molecular hydrogen in the beam gas

pA scattering

Inelastic pp — pX scattering

'<—>‘9mm

Scattering Chamber
2 x 1078 toi'r 6
>

30 mm Beam
15 mm

Molecular Hydrogen is any protons in the beam path “unseen”
by the Breit-Rabi polarimeter: p, H, H,, H, 0. It effectively dilutes 7
the jet polarization.
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Event Selection Cuts

-
o
o

. The recoil proton energy range

used in data analysis is
0.6 < TR <10.6 MeV constrained by the detector

geometry and background rate.
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3

[e2]
o

10?

N
o

N
(=)

L 2my, Ep — my, + Tsirip

(=)

10 Zstrip — Zjet _ \/Tstrip Ep + my

8
Kinetic Energy [MeV]

x10° ‘

z o The recoil mass test
z 102 ot =1 — tp (TR) St distribution is defined by
i bunch longitudinal distribution
I m, L
0 tp(A) =ty + 27 (A) Z
- x10° ‘ . .
g |
g 10- . The missing mass test
m

o) /TR — /TR — Tstrip 6./ Tr distribution is defined by the

jet distribution along the beam

15 20

25 __ 30
VT, MeV'?]

* To isolate elastic events, only 6t and 6./ T were used (and energy T, range cut).
* The cuts are the same for all Si strips.
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Missing Mass in Pyeam + Prarget = Px T Precoil SCattering

M3 =m3 — 2(E, + my)Tx + 2\/155 - mg\/(Zmp + Tg)Tg sin 6y

For elasti ing: My =m, = tan6 " Fer | Tr _Fotmy | Tk
or elastic pp scattering: X p R L 2m,, By, —m,, + Tg 2m,

Denoting, Zstrip — Zjet _ Tstrip Ep + my,

the missing mass cut criteria L 2my, Ep —my, + Tsirip

may be replaced by
Variations of 6VT are defined by thickness of

0Tg =/Tp— |Tgyip =0  jetand width of Si strip
0F = ofpy + A*/12 = 2.7% + 3.72 /12 = (2.9 mm)?

_ It is independent on recoil proton energy.
3 ESiG
o[ 5300}
100, & & B e >
""" 2 200F
: i
10 s T eV Missing mass cut is actually the sameas the VT cut,
R

but is the beam energy and the strip location
dependent and, consequently, less convenient.

Color legend

Mg = Mg —mZ ~ =2(Ep + m,,) \[Terip 64/Tr

Si strip number




The beam gas hydrogen and pA backgrounds

p 100 GeV, Det. O:

Time [ns]
T s T

Si Strip Number

ZR - Zjet TR mp
= |1+
L 2m, ( E ) 0

Kinetic energy Ty [MeV]

For fixed Tp, the background rate is approximately the same in all strips of the Si detector.
= Beam gas hydrogen: flat density distribution over Zjet

= DA scattering: no dedicated direction for the detected nuclear breakup proton.

Therefore, background events can be straightforwardly subtracted (separately for each combination
of the beam and jet spins) from the elastic data.

* However, the subtraction can be affected by
= Inelastic pp = pX events
= Tracking of the recoil protons in the Holding Field magnet.
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Background in the 2009 Phys. Rev. D publication

Main sources of the background:
s p+A-p "+ X +p)

« Beam gas protons (aka “molecular hydrogen”)

For fixed Ty, background rate is almost
the same in all Si strips of the detector,
which allows simple subtraction of the
background.

However, some corrections due to recoil
proton tracking in the holding magnet is
needed. Such corrections require
knowledge of the “molecular hydrogen
rate”

26 May 2025

PHYSICAL REVIEW D 79, 094014 (2009)
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FIG. 9 (color online). Event distribution for the 1.4 <Tp <
1.8 MeV interval as a function of channel number from the
Js = 13.7 GeV data sample for one detector (Si #1). A detector
covers recoil angles of 10 < #; < 98 mrad. For each Ty bin pp
elastic events were selected in strips centered around the ex-
pected 6 angle.
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Beam gas and pA background subtraction
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Fig. 17. Elastic pp events isolation. Event selection cuts are shown by the dashed red lines. The 6\/? cut is applied for events in the & histogram, and the ér cut is applied in
the T, histogram. Filled histograms show the distributions before the background subtraction.
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Fig. 18. The superposition of d N/ S\FR distributions for all Si strips (left). The markers colors depending on the strip location in a detector and recoil proton energy are explained
in center histogram. Green color is used for elastic events, red and blue for backgrounds, and violet specifies the area contaminated by the inelastic events. An example of
background subtraction for fixed, T; = 3.6 MeV recoil proton energy is shown in the right histogram. The background determined in the red (and/or blue, depending on T;) area
is extrapolated to the signal (green) area. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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Fig. 19. An example of the background subtraction in case of very high background rate. Gray filled and blue solid line histograms show event distributions respectively before
and after background subtraction. Dashed red lines indicate event selection cuts used. (For interpretation of the references to color in this figure legend, the reader is referred to
the web version of this article.)
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Separation of the beam gas hydrogen and pA backgrounds

g e & o .,y
Zstrip — Zjet _ Tstrip E, +my,
L 2mp Eb - mp + Tstrip

Recoil proton shadowing by Baffle 2 observed in the single-beam
measurement with the magnetic field turned off.
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Figure 8: Experimental evaluation of the background rates [12]. The measurements have been done with a
single (blue) 3.85 GeV/nucleon gold beam. The holding field magnet was switched off. The recoil protons

(l 3<\Tr<14MeV!'/ 2) were detected in the backward detectors. The effect of the recoil proton shadowing
(by wall 2) is clearly seen in the right side detector. There was no shadowing in the left side detector.

Recoil proton shadowing by the RF
shield enables isolation and
normalization of the beam-gas
background.

A proper design of the RF shield baffles
could further enhance background
subtraction capabilities at the EIC.

Regular data analysis: the

dipsinthe dN/d./Tx
distributions are attributed
to the presence of Baffle 1.
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Molecular hydrogen fraction in the Jet
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* To evaluate the hydrogen molecule fraction, two runs were conducted with the
dissociator turned ON (producing atomic H) and OFF (molecular H,).

* Aflat background—primarily from beam-gas and pA interactions—was
subtracted.

* Relative normalization of the measured distributions was based on the run
durations and beam intensities as recorded by the Wall Current Monitor (WCM).

e Assuming that the molecular H, content in the jet is suppressed by a factor of 10
(as suggested by Anatoli) when the dissociator is ON, the residual H, fraction in
the polarized jet was estimated to be approximately 0.05%.
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Inelastic pp — pX scattering

-
o

z, [Si strip number]

100 Ge
R TZR) %

5 20 25
V7, [MeV'?]

-
o

z, [Si strip number]

255 GeV
R(\F zR) [%]

15 20

VT [Mevl/Z]

* For a 250 GeV beam, the inelastic fraction in the HJET data is

non-negligible.

* However, these inelastic events can be efficiently excluded
from the elastic sample using appropriate selection cuts.

* Importantly, for T, < 2 MeV, background subtraction
becomes unreliable at 250 GeV, limiting the usable recoil

energy range.

Beam Polarization

e Although only one hadronic beam will be present at EIC, it
may still be beneficial to retain the backward detectors (used
for the opposite beam at RHIC), as they can significantly
improve the accuracy of background subtraction.
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Role of the Target Gas Analyser (TGA)

The TAG system may play a critical role in evaluating the molecular hydrogen
fraction in the polarized atomic hydrogen jet.

However, background sources in HJET are not limited to—and may not even
be dominated by—molecular hydrogen in the jet or beam gas.

Therefore, from the EIC perspective, it is essential to retain and further
develop the RHIC HIET methods for monitoring and normalizing background
processes.
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Recoil proton tracking in the magnetic field

alomis B
BTG

Currents in the Helmholtz coils

9 -
g 10 : : 3
i ”I I - “, ‘ — (i 0_5; _; are adjusted to minimize
rarliom C ] . .
1 { é_g[ o T 00 — alteration of the recoil proton
- B i [l "~ 05 | z-coordinate in the Si detector
I_L:"'::"_-'" ‘ h'w.__.l ||' _§ 71_0;_ TSSOSO SIS F— _;
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E 5
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Depending on the zje; coordinate of the scattering g
N

point, the recoil proton track bending in the magnetic
field may result in incorrect background subtraction.
For T < 2 MeV, the corresponding systematic error in
value of the polarization may be 1 =+ 3%.

In the data analysis, the residual background was
simulated.
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Some effect of the magnetic field tracking
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Fig. 26. Comparison of the background dN /d+/Ty rate in left and right side detectors.

b/byy is fraction of the background
retained after the subtraction.
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Fig. 27. Simulation of the residual H, backgrounds for forward and backward beams. Backgrounds in left and right (relative to the forward beam) detectors are shown separately.
The average values are given for the 2 < T, < 10 MeV energy range.
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Fig. 39. Recoil proton z-coordinate distribution for T, = 1.0 +0.1 MeV with the holding field magnet On and Off. The measurements were done with yellow Gold beam and H,

injected to Chamber?7.
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Si strip number

Inelastic scattering

At the HIJET, the elastic and inelastic events can be separated by comparing recoil proton
energy and angle (discriminated by the Si strip location):

Zstr — Zjet Ty < TnpA ) A [MeV]
tanfp = ———= ,—x 1+—"7———], A= My —m,, V=
L Zmp TrEpeam P Eveam [GEV]
At HJET, tan Oy, is discriminated by the Si strip number. ) Superposition of dN/d\/T_R _
12 5 1 E\S 108 in all strips of a Si Detector
1or 1E =
r = i~
8F 18
6F J&
4 A
v = 0 (Elastic)
2: E T, [M:ig”z]
00 15 20 25 30
VTR [Mevl/Z]

10 15 20

* The inelastic background populates the violet/magenta area and, thus, can be estimated
by comparison with background in red area.

* Forthe 255 GeV pp scattering, the m-production eventsp +p - (X' +7m) + p
(A >m, =135 Mel/, v > 0.5) are well seen at about ~5% relative to elastic rate.
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