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cold head
The HJET is used to measure absolute proton beam Fissecitos
polarization at RHIC ever since 2004.

isolation

valve

* Advantages of the polarized gas jet target:
v" Continuous measurement of the beam

polarization with no impact on the RHIC : ] L RF transitions

experiments. iy | GBIl | | holding field

‘ - six-pole magnets

Atomic Beam Source
1

. . . magne
v' The recoil protons can be precisely measured in Recol
the CNI range 0.0013 < —t < 0.018 GeV? spectrometer

(the analyzing power maximum)
* The jet target polarization Pje~96 £+ 0.1%

v Very stable during the measurements
v Precisely monitored by a Breit-Rabi polarimeter

RHIC beam

detector

Breit-Rabi Polarimeter
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The HIJET recoil spectrometer

T s0-7 em (FWHM) <= 1e77¢ * Vertical polarizations of the blue and yellow RHIC proton beams
_ }" T are concurrently and continuously measured by detecting the
| 1 recoil protons in the left-right symmetric silicon detectors with
. N J vertically oriented strips.
T e M “Wllllfl' ¢+ The measured kinetic energy T, time of flight ToF = t5 — t,,
i mﬂi | § and zp coordinate in detectors allows us to isolate the elastic
l e events.
‘*:ii:“%z UL * The measurements are taken in the CNI region
7~ | [Jet Target ™~ 0.0013 < —t < 0.018 GeV? t = —2m,Ty

o (0.6 < Tp < 10 MeV)

Elastic event isolation:

ToF = /;nT”% (the time of flight corresponds to the proton’s kinetic energy)
R

ZR—Zjet T Ey, +m T m . c
= et — R cam P~ |[—R x (1 + —2 ) (for elastic scattering)
L 2my Epeam—mp+TR 2my, Epeam

p 100 GeV, Det. O:

E [
g 107
Since, for given Ty, a background rate is about the same in all ; I -
strips of a HJET Si detector, the background can be reliably E
subtracted from the elastic data (separately for each combination A 10
of the beam and jet spins) «
N 10°
1.0 1.5 2.0 2.5

VT, [MeV'?]
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Polarization measurement of proton beams at HIET

s The beam (T!) and target (+) single spin asymmetries are
4 / concurrently measured using 0.5 < Tp < 10 MeV recoil protons.
="

Or /Right
Detector

The beam polarization can be precisely determined

\/NIzNi - \/NhN{ with no detailed knowledge of the analyzing power
Apeam — <AN>Pbeam = a
(VRN + NN p,  — dbeam
beam — jet
aiet

VNEN; — NgN{
VNENE + NN}

Ajer = <AN>Pjet =

Ppeam = (56 £ 2. 04, £ 0.3 %
Typical results for an 8 hour store s ( stat sySt)

in RHIC Run 17 (255 GeV) 03" /Ppeam < 0.5%

Since the background is well controlled, the analyzing power can be precisely measured
Ayn(t) = aiet(TR)/Pjet [TR = _t/zmp]
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Elastic single spin proton-proton analyzing power Ay(s,t)

For CNI elastic scattering, analyzing Z, /—\ - 1az Goraliaia sl L 1, Lersiee,
power is defined by the “o.04- / . " Sov. J. Nucl. Phys. 19, 114 (1974)
interference of the spin-flip 0.03" | ~—_
¢:(s,t) and non-flip / B CNI 2Tg K,
¢, (s, t) helicity amplitudes: 0'02; ] AN (Tp) = m, % T./Tr+Tgr/T,
Ay (s,t) ~ —2Im(¢p5.) /| |? 0-011 .

(p:d)had_l_(pemeiac Kp=ﬂp—1=1-793

0 2 4 6 T, S[MeV1]O T, = 4ma/m,o., ~ 1 MeV

The corrections to A{N'(T,). (Although, some other correction are essential for the current
experimental accuracy, they are omitted for the sake of simplicity)

2T kK, —2I5)T./Tp — 2R
AN(TR) _ R x ( P . 5) c/ R 5
my, (TC/TR) _ Z(p + 66) TC/TR +1

The primary goal of the experimental study of the elastic pp In the HJET data analysis, we use values of
AN(Tg) inthe CNI region is an evaluation of the hadronic spin- p + 6, found in combined fits of numerous
flip amplitude, parameterized by experimental studies of forward elastic
I m, ¢1513d(s,t) — Re 4+l (unpolarized) pp scattering.
5T =t Im@"2d(s,t) 5 5
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Measurements of Ay(t) in Runs 15 (100 GeV) & 17 (255 GeV)

A.A. Poblaguev et al., Phys. Rev. Lett. 123, 162001 (2019)

AN(Z};): I I I
0.04F

beam beam

0.04f -

e 100 Gev ] ARE T B a5 Gev ]
: 1 Thefilled areas specify 1o
- ] experimental uncertainties,
T stat.+syst., scaled by x50.
0.02- 1« The dashed curves are for
x50 . leading order approximation

! Ostat+s SL/ a _
0'015/ : i 0'01§r—/—’/—? predicted in 1974.

e T e e T s s
T, [MeV] T,

0.03F 1 003F

0.02

The measured hadronic spin flip amplitudes: Evaluation of p in the

Vs =13.76 GeV Rs = (—12.5 + 0.8, + 1.5455) X 1073 analyzing power fit
Is = ( —5.3 429, +4.7g) X 1073 o

+

T T T T T T T T T T T

| HIET

..I.
o
o

Vs =21.92GeV Rs=( —3.9 % 0.5 + 0.84y,) X 1073
Is = ( 19.4 % 2.55, + 2.55) X 1073 |

f -0.11

The corrections due to absorption and the updated value

of the proton charge radius , = 0.841 fm were applied T
P & p PP 02 100 150 200 250 300

Rs = RER! + (3.1,5 + 0.8, ) x 107 E,., [GeV]
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https://arxiv.org/pdf/1909.11135

Energy dependence of elastic pp scattering

120

o 0.3

0, (mb)

Q.2 -

i Otor (Mb]

=0.1

_oa | I.:

—-0.3 | -

Vs [GeV]
Unpolarized amplitude < (p + i)

Otot(S) =1Ip(s) +1Igp,(s) +1Ig_(s)
Otot(S)p(s) = Rp(s) + Rg(s) + Rg_(s)

' Iz(s) = Im R(s)

Rz (s) = Re R(s)
Single spin-flip amplitude o (Rerg + ilm7y)

Oroe(s) Imrg = fg Ip(s) + f2 Ig+(s) + f5 Ig-(s)
010t(s) Re 75 = fE Rp(s) + fi Rp+(s) + f5 Rg-(5)

Since we have only four precisely measured 15 - related parameters and there
are three unknown spin-flip couplings, no comprehensive study of the spin flip
Regge pole and/or Pomeron functions can be done. Thus, we should rely to
the already known non-flip functions. Nonetheless, limitations on the possible
variation of the spin flip P(s), R (s) can be considered.

Vs [GeV]

Diffraction and Low-x 2022.09.29

pp and pA analyzing power measurements
at the HIET

For unpolarized protons, elastic pp (pp)
scattering can be described at low —t with
a Pomeron P and the sub-leading C = +1
Regge poles for I = 0,1, encoded by R™ for

(f,, az) and R~ for (w, p).

“Ri_l
R(s) « (1 + e"i’w‘R+)( > )

2
4mp

S S
P(s) « In—+il1+ frln?—
(s) x mfp n4m22? l( frln 4m22?>

ap+ = 0.65, ap- = 0.45, fr = 0.009

= 13760 2192 -g 13760 2te2
& - E P (Pomeron)
= 10\ P (Pomeron)-  ~ 10\_\
o ><>< - = \ R (a,f) -
J S~ X 1:_ T~ _
R (@, (Al i \
107’ “Rpo)>~ 1o -A (p, @)™~
I J r . . . | =
10 A 10 10°
is [GeV] is [GeV]

D.A. Fagundes et. al., Int. J. Mod. Phys. A 32, 1750184 (2017)



Fit of the spin-flip couplings

Both |Im 7| and |r5| grow with energy indicating that there is a significant
Pomeron contribution to the spin-flip amplitude already at HJET energies

ag+ = 0.65, ag- = 0.45, fr =0.009 fi=-0.077 £ 0.007, + 0.014,
f5 = 0.659 1 0.023,, £ 0.024y
£ = 0.054+0.002,, +0.003y

x%/ndf =0.7/1

 The Pomeron contribution to the spin-flip amplitude is well identified.

 Any optimization of the spin-flip R (s) and P(s) cannot lead to a statistically significant
improvement of the fit.

« However, possible corrections to parametrization of the spin flip R¥(s) and P(s) can be
constrained.
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Im 7 X 10°

(o))
o

I
()

Re r; X 10°

Froissaron (ap+ = 0.65, ar- = 0.45, fr = 0.009)

x%/ndf =0.7/1
x%/ndf = 4.8/3

HJET
HJET+STAR

Simple pole (ap+ = 0.5, ap = 1.1)
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ap = 1.10%9:9%

ap = 1.13%9:9%

x%/ndf =0/0 HJET
x%/ndf = 2.8/2  HIET+STAR

o =1.0967093% (global fit of the unpolarized data)

ounhwWNRE

Extrapolation to /s = 200 GeV

1-0 contours (stat+syst)

HIET, /s = 13.76 GeV

HJET, +/s = 21.92 GeV

Extrapolation (Froissaron) to 200 GeV
Extrapolation (simple pole) to 200 GeV

STAR, /s = 200 GeV (as published)

STAR, /s = 200 GeV (corrected, used in the fit)

For HJET, absorption corrections improve
the Regge fit consistency (y? = 2.2 — 0.7).

Extrapolation of the measured 5 to /s =
200 GeV is about the same for Froissaron
and single pole approximations.

There is no statistically significant evidence
that P(s) is not the same for the non-flip
and spin-flip scattering.

After applying corrections (absorption,
difference between electromagnetic and
hadronic form factors), the STAR value of 5
is noticeably non-zero, y2/ndf = 8.3/2.
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Double spin-flip analyzing power Ay (S, t)

A.A. Poblaguev et al., Phys. Rev. Lett. 123, 162001 (2019)

2

g _ | |
dtdo X [1 + An(t)sin @ (Pb + Pj) + Ann (D) sin2 o P, Pj] (at HIET, sin @ = +1)

- A4 | I(T y 1 Double spin-flip ‘I’gad(s' t) R, + il

— — Yo = = L
0'004: NN R) 1 amplitude parameter 27 21Im Ppad(s,t) 2 2
0.0031- —

5 : Vs =13.76 GeV R, = (—3.65+ 0.28,,) X 1073
0.002 E,.. =100 Ge\ = ? stat B

- ] I, =(—0.10 + 0.12,,) X 10
0.001— —

: H._. =255 Ge\ 1 V/5=21.92GeV Ry, = (—2.15+0.204,,) X 1073
R SR EEEEE = I; = (—0.35+0.07,) X 1073

T e N

I, [GeV

f3 =—0.0162 4 0.0007
The Pomeron component of the fz = 0.0297 + 0.0041,,,,

double.spln-flfp amplitude is fz = —0.0020 + 0.0002,,,
clearly identified. x%/ndf = 1.6/1
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Inelastic scattering

At the HIJET, the elastic and inelastic events can be separated by studying recoil proton
energy and angle (i.e. the Si strip location). For p + p — X + p scattering:

Zetr — Zi T m m,A
tan 0, = S et — R w1+ L P

A= MX — mp > myq
L Zmp Ebeam TREbeam

At HJET, tan Oy, is discriminated by the Si strip number.

— 12 7
L C ] * At HIJET, the inelastic events can be
< 10 b nis can b
E i separated from the elastic one's if
- - v=0.9.
= 8 .
N a¥ ] * For proton beam, the detected
E 6 ~ inelastic rate is very smallifv = 1.4
iz ] (E, < 100 GeV)
- -
Un_lj ’ * The inelastic events are not detected
o ° E at HIET if v 2 2.5 (E, < 55 GeV).
b T B Cl ]

o

! Lo Lo ' R R
1.0 1.5 2.0 2.5 3.0
\(TR [MeV'?]
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Pheam + Pjer = X + Djer at 255 GeV  (Run 2017)

Normalized Event Rate R=N,, /N2, [%]

I5

The inelastic events are clearly identified

(after background subtraction).
A{\Iet (in.) < AﬁlaStic < A:eam (in.)

—_
(=)

$)

Al(\fn')(t,.A) grows with decreasing A.
A;eam (in.) (t,A)~20% is observed in the
data. R>0.4%

Z, [Si strip number]

15 2.0 25 3.0
\T, [MeV'
i beam o : @
_ Beam Spin Asymmetry AX*™(T .,z_) %] Jet Spin Asymmetry AT 2,) (%]
2 - T
£ 10 20 E 10 4
= 7 = :
= 1 = 1
R {15 §=r |
= B : ¥
a0 o 2 7
] | o I
N R>0.4% 5 N R>0.4% §&°
P SR I T 0 L T TR I S T

25 3;./2 15 20 25 3.0
VT, [MeV'] VT, [MeV']
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Pheam + Pjer = X + Djer at 100 GeV  (Run 2015)

In the acquired data, there is only a small
fraction < 0.5% of the inelastic events.
Results for the inelastic analyzing power
are about the same as for 255 GeV,

Ageam (i"')(t, A)~359% is seen in the data.

Beam Spin Asymmetry At=™(T_6,) (%]

I40

—_
(=]

)]

7, [Si strip number]

R>0.1% H

1.5 2.0 2.5 3.0
\ T, [MeV']

0

Diffraction and Low-x 2022.09.29 pp and pA analyzing power measurements at the HJET

Normalized Event Rate R=N,, /N2 [%]

—_
o

8]

R>O.1%h

15 20 25 3.0
\ T, [MeV'?]

Zp [S1strip number]

Jet Spin Asymmetry IAﬁ*(Tﬁ,eﬁ) [%]

15 20 25 3.0
\ T, [MeV'?]
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Proton-nucleus Scattering at HIET

* InRun 15, p'Al and p'Au collisions were studied at RHIC.
* The recoil proton spectrometer performance was found to
be about the same in the proton and heavy ion beams.

* Beginning Run 16, HJET routinely operated (in parasitic
mode) in the Heavy lon Runs.
* The following analyzing powers were measured:
« 100 GeV beam: 2H (d), 1§0, 27Al, 38Zr, 35Ru, 157Au
e Auenergyscan: 3.85, 4.6, 5.7, 8.1, 9.8, 19,
27, 31,100 GeV/n

—t [GeV?]

* Therecoil angle dependence on

tanOp = I

ZR — Zjer _ Tp m,, m,

* denergyscan: 9.9,19.6,31.3,100.7 GeV/n

Ty for an ion beam is about the same as for proton one

1+ § Tl
X X
2 mp Ebeam my TR Ebeam

Epeam is the ion beam energy per nucleon, A= My —m, = few MeV.

* Also, no (new) issues with background.

Diffraction and Low-x 2022.09.29
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Analyzing Power in pTA scattering

pTA (dependence on A)
200 ‘ R

TAu (dependence on the beam energy)

fmi 2- qnorm vetoes norm RAMNY '“lr-
Very preliminary. AN (t) KR fobs A ( ) | “’:_,;g m:ﬁ
Not full data. h ‘ . s AN '
. . "jesesssassaseanttasenongstfone soencentetere i, . ]
Systematic corrections REH I SR MH ELHIPS “,- )
- AT PRI AL ] $ *;. L = ‘ 2" Te _
were not considered. 0 S _: _____ s T A } ) S, PR LSS S Hl‘
i T | : ST .
| e, RSN = BRI :
_17 2 '..' ." $¢?+ | ] —1/ ] s ascev L . i
o ' **Hﬂm = :
_2_ ‘Au : | I l | J | 7 L 7 | I | | l ] _2 # L] 1l:IlTGe\n'I | - I l L | - J l | - | ]
0.005 0.010 0.015 0.005 0.010 0.015 ,
—t [(GeV/c)’] —t [(GeV/e)]

ARCTM(¢) = a3 ® ( -pP8¢ ) (I ~8¢ R5) —2(Rs=pPIs)t/tc  daPP /dt|100 Gev
N — ,PP _ PP A
AN (t)|100 GeV, r5=0 Kp (1-pPPS") CEG Ll
— E B o ‘l[)()‘(:;‘&“\' ‘ M. KrelmaandB Kapelrowch |
pPP = —0.079 The absorption corrections o 0 ek 1233,

6c- (1) = 0.024 — alnt/,,
65A(t) « Z, (may be large)

(not displayed above) must be
considered.

The discrepancy between
p'Au data and theory is still
significant.
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An(t)

0.05 F
ol
~0.05 |
0.1 ¢
—0.15 |
~0.2
—0.25 |

0.3 & N
0 0.005
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0. ()[

T
\  i4=m= +Absorp. corr
i

11 Au data
" = (0,0)
Yrs = (0,0) + \l) mp corr.

0.015
It (GeV?)

(](l) IH)’) 0.03
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Hadronic spin-flip amplitude in pTA scattering

According to B. Kopeliovich and T. Trueman, Phys. Rev. D 64, 034004 (2001),
for high energy elastic scattering to a very good approximation

A O GERIHOIAG

$

pA
PA _ P L+ p ~ PP
5 5 ~Ts
[ + pPP

Could this result be extrapolated to breakup (e.g. SHe - p + d) amplitude ?

The hadronic amplitude for a proton-nucleus elastic and/or breakup scattering can be approximated
(R.J Glauber and Matthiae, Nucl. Phys. B21 (1970) 135) by

dri(qr) = %j tbar iy ({r }) rcb,s,..s)yP; ({r]}) l_[d3rj d?b

The profile function I' is the same for the elastic
(f = i) and a breakup (f # i) scattering
S; is projection of r; on the qr plane

. . . A
Since the elastic scattering result, r's’ ~ r’s’p,

is stable against possible variations of the
nucleus structure, it should be also valid for
Wiy .r)l? = }‘-1=1 Pj (Tj) the breakup scattering.

Diffraction and Low-x 2022.09.29 pp and pA analyzing power measurements at the HJET 16



Breakup Fraction in the Elastic Data

For the 3.85-100 GeV Au beam range, the breakup events can be kinematically isolated at HJET for
4 < A< 100 MeV
However, no evidence of such events were found in the data.

In special single Au beam measurements at RHIC (with HIET holding field magnet off) the systematic

uncertainties were significantly reduced and the following constraints on < é’:}u/ pAu> in the

momentum transfer range 0.003 < |t| < 0.009 GeV? were set

3.85 GeV: 0.20+0.12% [3.6 <A< 8.5 MeV]
26.5 GeV: —0.08+0.06% [20 <A< 60 MeV]

For incoherent proton-nucleus scattering, a simple kinematical consideration gives:

my, 2Tp
A= 1—E TR Px m—p The jet proton

D, is the target nucleon transverse momentum in A, |p,| < 250 MeV.
For an event detected at HJET, T, < 10 MeV. A

Thus, A< 50 MeV is small and for events detected at HJET, the breakup fraction
is strongly suppressed by the phase space.

Diffraction and Low-x 2022.09.29 pp and pA analyzing power measurements at the HJET 17



Is it feasible to precisely measure the EIC SHe beam polarization
with HJET?

A. A. Poblaguey, arXiv:2207.09420 [hep-ph]

h
apeam (T'R) Aﬁ (Tr)
Ph T = P. X
meas( R) jet ajet(TR) Aﬁp(TR) Kp =Hp—1=1.793

__ Qpeam Kp(1+a)nf)—21gh(1+&)sf)—2R15’h(1+w)TR/TC Kn = MUn/Zp — My /my = —1.398
= Tape Diet X A+ -21" (1435 —-2RP A+ a)TR/T,  © =07 MeV

! T s RETe @44(Tr), @s(Tr), w(T) are the
~ h i .
X Ppoam X A+ &0+ &, TR/T,) breakup corrections

The systematic uncertainties in value of P{,‘eam are defined by ¢,

_ hp ph
0 — 2615 /Kh - 2615 /Kp + 60), One should expect 6w = 0 (the breakup corrections gone

&1 - can be determined in the measurements if t - 0). However, extrapolation of measured P2, .,(Tg)
to P! ... (0) may result in non-zero value of Sw.

The EIC requirement Gf,YSt/P < 1% can be satisfied if 3 HeT
* Theoretical accuracy of the relations rsph = rspp and rshp = 0.27 rSpp ‘ ?
between proton-helion and proton-proton 7 is better than 20% ‘

* |@ne(Tr) — @s(Tg)| < 0.1

* |Rers w(TR)| <0.005 = |w(T;)|=< 0.3 For fully polarized helion, the

neutron polarization is ~88%
and the proton one —2%.
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Deuteron beam measurements at HIET

A. A. Poblaguey, arXiv:2207.06999 [hep-ph]
In RHIC Run 16, deuteron-gold scattering was studied at

beam energies 10, 20, 31, and 100 GeV/n. S R
é 10. GeV ® Deuteron beam
In the HJET analysis, the breakup eventsd - p + n z 0.10 . Gold beam
(A?hr= 2.2 MeV) were isolated for 10, 20, and 31 GeV data. S o
S 0.05
For Tr~3.5 MeV, the breakup fraction was found to be ~5%. :] R 2(: GeV 51 Gev
The results obtained were used to evaluate the breakup LY T S i
fraction % 4
w(Tg) = fdA dNbreakup(TRrA)/dNelastic(TR) 0 20 40 60 80
A [MeV
in the 100 GeV/n helion beam. l [ ]

Within the model used,
|0ne(TR)| < |@(TR)I, |@se(Tr)| < |@(TR)I.
Although, oversimplified model was used to calculate w(T%)

Extrapolation to the helion beam.

Event selection cuts are considered.
— |

* One can expect that the result is correct up to a factor
of O(1).

* Even order of magnitude underestimate of the breakup
fraction does not change conclusion that the EIC *He a(1)=\o(tw (1)

beam polarization can be precisely measured by HJET 0/%@

syst
o P <109 E e LA
P /P <1% 0 5 10
TR = —¢ /Zmp [MeV]

19

Breakup fraction [%]
T
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Summary

The Polarized Atomic Hydrogen Gas Jet Target polarimeter (HJET) provides absolute
polarization measurements of the proton beam at the RHIC with low systematic

_ syst
uncertainties 6," /Ppeam S 0.5%.

For two proton beam energies, 100 and 255 GeV, single Ax(t) and double Ay () spin
elastic pp analyzing powers were precisely measured at 0.0013 < —t < 0.018 GeV?.

The hadronic single and double spin-flip amplitudes were isolated in the data analysis. The
results of the Regge pole fit suggest that both amplitudes are nonvanishing at high energies
where the Pomeron dominates.

Inelastic beam and target pp analyzing powers were experimentally evaluated for
0.003 < —t < 0.010 GeV? and My < 1.5 GeV. Large values of AY¢3™ (t, My)~35% were
observed. To complete the data analysis, a theoretical model for A%%3™ (¢, My) and

Af\?rget(t, My) is needed.

The proton-nucleus analyzing power was measured in a wide range of 1 < A < 200 (for
Epeam = 100 GeV/n) and 3.8 < Epeam < 100 GeV/n (for Au). To properly understand the
results, an appropriate theoretical description of these pTA measurements is needed.

It is advocated that it is feasible to use the HJET to precisely measure the EIC SHe beam

polarization to asySt/Pbeam < 1% accuracy. Due to the importance of this conclusion for
that hadron polarimetry at EIC, a thorough theoretical re-analysis of the estimates provided
is critically important.
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Forward elastic pp transverse analyzing powers at the RHIC energies
(no absorptive corrections)

=" (te/)? = 2(p +8c) te/t + 1 + p?
Moy ) = Z2Ra ZOel) te/t 4 20 + p'Ry) — (P’ — 4Rs) K'te/2m;
V=t " (te/6)%2 —2(p + 8c) to/t + 1+ p2
had i
7‘5 = R5 + iIS — mp ¢5 (S,t) 1"2 — RZ + iIz — ¢2 (S,t)

V—tImehd(s;t)’ 2 Im ¢ph?4(s,t)’
K=p,—1=1793, t.=-8na/oy~—184x1073GeV?, &, =0.024+alnt./t

te x |1+ (n2/3—B/2—k/2m?)|t

p+(r2/3—4/A% —k/2m2 —k?[/4m3)t. ~ p
p—(4/A%2 —B/2) t.
(x
0.

!/

tl
p
p=
K

Zmp/s)/(l :“pt/4mp)
841 fm, A?> = 0.71 GeV?, B =~ 11.4 GeV~?2
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Absorptive corrections to the spin flip elastic pp amplitude

B. Z. Kopeliovich, M. Krelina, and I. K. Potashnikova, Phys. Lett. B 816, 136262 (2021)
A. A. Poblaguev, Phys. Rev. D 105, 096039 (2022)

aB
Rers = Rerg® + E B —~0.003

=(rk+ry)/3 =12 2 (;.ev-2
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Extrapolation to /s = 200 GeV

1-0 contours (stat+syst)

HJET, /s = 13.76 GeV

HJET, /s = 21.92 GeV

Extrapolation (Froissaron) to 200 GeV
Extrapolation (simple pole) to 200 GeV
STAR, /s = 200 GeV

STAR, v/s = 200 GeV (corrected)

HIJET
HIJET
HJET+STAR

S 60 zﬁ;// i
X I ;0
L~ 40- -
e B 2 / |
20 Q 5
01\ ”””””””””””””””””””””””” .
| ‘—1|0‘ - (|) ‘1‘0‘ |
Rer; X 10°
Froissaron (ap+ = 0.65, ag- = 0.45, fr = 0.009)

*  fr=0.0090 x?/ndf =0.7/1

* fr=0.0033%23073  ¥2/ndf =0.0/0

*  fr=0.0090 x%/ndf = 4.8/3

* fr = 0.0126Z5 054

x%/ndf = 4.4/2

* Simple pole (ap+ = 0.5, ap = 1.1)

« ap=1.10
e ap=110133937
« ap=1.10

e ap=11343393¢

x%/ndf =0.0/1
x%/ndf =0.0/0
x%/ndf = 4.5/3
x%/ndf = 2.8/2

HJET+STAR

HIJET
HIJET
HJET+STAR
HJET+STAR

aff = 1.09679912 (global fit of the unpolarized data)
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STAR measurement of 75 are mostly sensitive to the following
combination of the real and imaginary parts
N = Rgsing — Is cos @, ¢ =0.10

1= (8.0 % 2.8assyst) X 1073
HJET extrapolations to 1/s = 200 GeV :
NFroissaron = (2- 88 + 0. 14‘stat+syst) x 1073
Nsimple pole = (2-63 £ 0. 125¢4115yst) X 1073

Diffraction and Low-x 2022.09.29 pp and pA analyzing power measurements at the HIET
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Oxygen beam. Time — amplitude of the prompts events
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The punch through protons are well identified by continuation of the

stopped proton line.

Protons and pions are not the dominant component of the prompt events
Significant part of the prompt signals has measured time of flight consistent
with the speed of light particle.

Diffraction and Low-x 2022.09.29

pp and pA analyzing power measurements at the HJET
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Why is Au breakup not observed at HJET ?

For incoherent proton-nucleus scattering: The jet proton

Simple kinematical consideration gives:

m 2T
Az( ——p>TR+p;’; - R A

p

where Ty is the jet recoil proton energy and p,, is the target nucleon transverse momentum
in the nucleus. For HJET T < 10 MeV and assuming py < 250 MeV/c, one finds
A < 50MeV K M, (breakup is strongly suppressed by phase space ).

If f(p,, o)dp, is the nucleon momentum distribution in a nucleus then, in HIET
measurements,

dN(Tg,A)/dA < F(Tg,A) X ®(A)
F(Tg,A) =f(A—Ag,04), Ag=(1—m,/My)Tg, opr=0 /ZTR/mp

Forthe h + p —» (p + d);, + p breakup, the phase space factor is equal to
[2 _ah
d(A) = e o /%, Afye= m, + my —my, = 5.5 MeV
h

4Ttmy,
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For a nuclei inelastic scattering of a jet proton

tan Oy = =X = [1 +Te oy Tp Mo ]
R L Zmp Epeam M4  TrEpeam

For a constituent nucleon elastic scattering

ZR—Z' t
tan @y = L’e = /Zmp [1 + Ebeam] + —Ebeam

Epeam is the nucleus beam
energy per nucleon.

Diffraction and Low-x 2022.09.29 pp and pA analyzing power measurements at the HIET

Incident angle of the nucleon.
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The effective amplitude

¢(t) — ¢(t) + J dA J)(t, A) Ihe effective breakup amplitude
(@(t) and ¢(t, A) do not interfere) ¢(t,4) = p(t) X k(t,A)

k(t,A) is “the decay” amplitude
|¢had| - |¢had| 1+ w(t)] w(t) = j dA |k(t, A)|2F(t, A)®(A)
= (|k(t,)|*)we (1)

Im pE™Pph2d - k x [1 + @ ()] @(t) = f dA Re[k/x x k(t,A)] F(t,A)®(A)
D) < Jo(we(t)

The breakup corrections to Ay are the same for p'h and h'p, if neglect s !
(the uncorrelated corrections are of about ~1: @)

For the A - A; + A, breakup,
®(A) = J2mym; « A-AQ 1

~1/2 .
X m orXm ifm; ~m
anm, -~ a | 4 1~ My)
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A model to describe helion and/or deuteron breakup

dN(Tp, A dN (T, A
(dAR : = (dAR ) x |k((Tr, 0)|" F(Tg, &) ®(A)

breakup elastic

k(Tg, ) is the ratio of the breakup and elastic amplitudes

The model used is based on the following approach:
 k(Tg,A) = const
 F(Tg,A) is derived from one of the momentum distribution functions:

fG(pxi 0-)1 fBW(pxr O'), fH (pr O'),
considering o as an adjustable parameter.

fe(Dx 0) x exp(—p:/20%)/V2n0

[ew(Px, 0) X ﬂ_lﬁa/(Pa% +20%)

fu(p,, 0 = 30 MeV) is expected to be a nucleon
momentum distribution function for the deuteron.

All three functions have the same behavior

around p,, = 0: . ‘ AL
f(0x,0) = f(px,0) X [1 = pg/207] p. [MeVic]




A model to parameterize the *He breakup h — pd

If nucleon momentum distribution in >He is given by wa(Px, apx) dp,, we can expect the following

event rate dependence on A= M,,; — my, in the breakup scattering hpeam + Djet = (0 + d)p + pr
at fixed t = —2m,, Tk,

AN /dA ¢ fgw(A — Ag,a,) X B(t,A) fow(x,0) = =22

x2+02

Ay = (1 — mp/mh)TR op = 0, /2TR/my,

@ (t,A) is phase space factor
a’ _ @y
APy (P;py opp) = 6*(P — Xy pp) [Ty o

=1 (27)32E;

To evaluate the breakup fraction dage) (¢, A) /dog (t),
delta function in the scattering helion phase space term
d*pp,
(2n)32Eh (
is replaced by

q%)——= x dq?s 2
l/)(t A) (l)qel(t A)/¢el(t)

AL = my + myg —my = 5.5 MeV

dqza(qz - mle) - dA fBW(A - A0,0_A)lll)(t, A)lz dCDZ(qr ppl pd)

Substituting [y (t,4)| — |Y| = const,

do [2m

gel _ — 1|2 _ A — Athr

T = 0 = PP we(® wo®) =S [ , 48 Fow(d=Lo00) /m—h
tl‘

(1) = |[Plwe(t) = Vo (D w(t)

(can be used to evaluate CNI terms)
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Deuteron beam measurements at HJET

In RHIC Run 16, deuteron-gold scattering was studied at
beam energies 10, 20, 31, and 100 GeV/n.

In the HJET analysis, the breakup events d = p +n
(A% .= 2.2 MeV) were isolated for 10, 20, and 31 GeV data.

In the fit (based on the suggested model), deuteron values of
|| and g, were determined.

Assuming that [1| and g, found are the same for helion, the

breakup fraction functions for h - p + d were calculated.
The event selection cuts were included in this estimate.

Within the model used, |@,¢(Tr)| < |@(Tg)]|.

The breakup events are clearly seen in the HJET deuteron
beam data.

The breakup corrections to the *He beam polarization
measurements are very small in context of the EIC
requirement aP /P < 1%.

However, the analysis was based on oversimplified model.
Therefore, verification of the result obtained is needed.

Diffraction and Low-x 2022.09.29
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Is the *He breakup rate estimate reliable?

1_—,—__..|_._...__,. — _-]_ IS — r_. J
i °Li |
2+ 4
S 19.3 GeV/cprotons | v Forthe deuteron nucleon momentum distribution
=of —Best Fit  2,-186fm | f(py) < 1 —pZ/20? around maximum, the HIET
G s ._-—.rEl:::i:nc estimate 0 = 35 MeV agrees with the old Dubna value
- : o = 30 MeV.
LN |
i ‘\;'\\l v’ Breakup rate for °Li
. » Assuming the following breakup channels,
of e SLi+6.1MeV - 3Li+n,
o e SLi+ 4.8 MeV - 3He + p,
- « SLi+1.6MeV—-a+d,
2 « SLi+17 MeV-> h+t,
_1' ] one can extrapolate the HJET deuteron beam result:
10’_— \ —
:E / \\\ 5 wLi(TR = 3.5 MeV) =7.0+1.7%
- ' \ -
o S Tr= (P9)? /2my, \ - » According to R.J Glauber and Matthiae, Nucl. Phys.
- \ .
L 3.5 N:ev <42 imrad \ o B21 (1970) 135, for the p oLi scattering angle
o 5 0 gimed) corresponding to T = 3.5 MeV:

Fig. 1. The experimental data of ref. [4] on the scattering of 19.3 GeV/c protons by
6Li are shown together with the result of the best fit, Elastic and inelastic contribu-
tions are shown separately.

wii(¥ = 4.2 mrad) = 6.4%

v’ Evenif *He breakup rate was underestimated by order
of magnitude, the conclusion about HJET feasibility to

precisely measure 3He beam polarization remains valid.

The experimental data from
G. Bellitini et al., Nucl. Phys. 79 (1966) 608.
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