
Transverse Single Spin Asymmetry of 
forward Neutrons

Mriganka Mouli Mondal 
Stony Brook University

110/12/20



Large transverse spin asymmetry for forward neutrons

• Large xF neutron production  in ep collisions by ZEUS, are mainly reproduced by a 
pion exchange.

• Observed large asymmetry for the neutron production is considered to come 
from the interference between a spin-flip amplitude due to the pion exchange 
and non-flip amplitudes from other Reggeon exchange.

• We aim to see with energy of collisions which essentially scan over wide range of 
xF.    run-6 (62 GeV), run-9 (500 GeV) run-11/12/13 (510 GeV), 200GeV published.
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transverse spin. P indicates beam polarization. In this analysis, BBCLL1 count is used for the luminosity. 

Hsmearing is a dilution factor due to the acceptance and position resolution.  
 Asymmetry must be zero at beam position and distributes symmetric around beam position.  

 
3.2  Square root formula 

Raw asymmetry can be also calculated by square root formula,  
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where NL
Ĺ(NR

Ĺ) is experimental yield of left (right) part detector with colliding particles with the transverse 
spin up, and the transverse spin down is described as “Ļ”. In particular, the detector and luminosity 
asymmetries will cancel out to first order using square root formula. 

 

4. Analysis 
Detector setup and its response has been studied and summarized in a final forward neutron analysis note, 

https://www.phenix.bnl.gov/WWW/p/draft/togawa/AN/AN_FN/AN_FN.pdf.  
We did ZDC/SMD calibration for RUN9 using : 
1) ZDC : Using dAu data obtained at RUN8. (Figure 4.1) 
2) SMD : Cosmic data collected at RUN3. We applied correction to match the charge distribution in each 

scintillator readout. 
 

     
 
 

 
 

4.1 Cut condition 
1) Neutron identification 
Since the ZDC/SMD is placed behind of the DX magnet, only neutral particles such as neutron and photon 

are expected to be detected. According to the pythia+Geant3 simulation, low energy proton which is coming 
from elastic/diffractive scatterings will generate particle shower by hitting the DX magnet and have a chance 

Figure 4.1 ZDC charge distribution in 200 GeV dAu at RUN8. Left and right pictures show SOUTH (facing Au 

beam) and NORTH (facing d beam) ZDC, respectively. Horizontal axis is GeV. In SOUTH side, selecting charge 

dissociation event by BBC multiplicity < 20. 
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4.2. PHENIX 51

Figure 4.10: A layout of the ZDC and BBC.

The Zero-Degree Calorimeter (ZDC) [74] is a čerenkov sampling hadron

calorimeter. ZDC is designed to detect neutrons around zero-degree in or-

der to identify peripheral collisions by measuring its characteristic spectator

neutrons. ZDC is located in a narrow space between the two beam pipes as

shown in Fig. 4.10, covering 10 cm x 10 cm in transverse plane. Three ZDC

modules are located in series at ±18 m away from the collision point, each

side of the beam direction.

As shown in Fig. 4.11, the ZDC comprises of alternate multiple layers of

two kinds of plates. The W-Cu alloy layers generate particle showers, and

the layers comprised of the PMMA based optical fibers transmit čerenkov

light produced by the charged shower secondaries. Those plates are tilted

by 45 degrees relative to the beam orbit, which is about the čerenkov angle

for � ⇠ 1 particles in PMMA. The length of one ZDC module is 23 cm,

which corresponds to 1.7 nuclear interaction length and 51 radiation length.

The energy resolution of three ZDC modules is ⇠25–20% for 50–100 GeV

neutrons, and the timing resolution is 150 ps.

The Shower Max Detector (SMD) is a scintillator strip hodoscopes. SMD

comprises of 7 strips in vertical direction for x position and 8 strips in hor-

izontal direction for y position measurement. SMD is inserted between the

first and second ZDC modules, where hadronic shower is approximately max-

imum. The position resolution is ⇠ 1 cm for 50–100 GeV neutrons.

51

Event cuts :  
tdc0,1 < 3800,  r < 5cm

Charge Particle Rejection :
zdc raw adc for veto plane < 0.5*MIP (charge particle rejection, proton)

Photon rejection :   
• E(2nd)/E(total)-zdc module  > 0.01
• Number of smd hits >1 (radiation length of 1st ZDC module, 50 X0 )

cross ratio method

Run-9

Neutron Detection and Single Spin Asymmetry 
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Beam p+p p+Al physics p+Al local pol p+Au physics p+Au local pol
Blue 0 2.951 2.227 3.624 2.222
Yellow 0 2.951 3.317 3.624 4.222

Table 1: Beam orbits in mrad.

based communication grade optical fibers. One ZDC module has 1.7 nuclear interaction lengths (�I).

A photomultiplier of each module collects Cherenkov photons via the optical fibers. To maximize input

of Cherenkov photons, each layer is tilted by 45 degrees. Three ZDC modules are located in a row (5.1

�I) at ±1800 cm away from the collision point, and cover 10 cm ⇥ 10 cm in the transverse plane. The

energy resolution of ZDC is approximately 20% for 100 GeV neutrons.

The SMD consists of x-y plastic scintillator strip hodoscopes. The SMD is inserted between the first

and the second ZDC modules, where the hadronic shower is approximately maximal, with 45 degrees of

tilt as the ZDC modules. The position of neutrons is calculated from the centroid of shower positions in

the SMD. The x-position is reconstructed by 7 vertical scintillator strips each with 15 mm width, and

the y-position is reconstructed by 8 horizontal scintillator strips each with 20 mm width. The position

resolution is approximately 1 cm according to a simulation study [1].

Since detectors are located downstream of a dipole magnet, most charged particles from collisions with

nearly beam momentum are expected to be swept out. To remove the remaining charged backgrounds in

the detector acceptance, a forward scintillation counter was installed. The forward scintillation counter

is a plastic pad, and covers 10 cm ⇥ 12 cm in front of the ZDC. More details of the neutron detectors

can be found in Refs. [3] and [1].

Beam Beam Counters (BBCs) are used for a correlation study. An element of the BBCs consists

of a photomultiplier and a 3 cm thick quartz Cherenkov radiator, and one BBC is an array of 64 such

elements. The BBCs are located at ±144 cm away from the collision point around the beam pipe,

covering 3.0 < ⌘ < 3.9 and full azimuth. More details of BBC can be found in Ref. [4].

2.1.1 Beam positions in Run-15

The north ZDC was moved longitundinally from Z=1800 cm to Z=1856 cm, during the maintanence in

2014, then moved transversely by 3.5 cm during the Run-15 p+ p to p+A transition period.

Figure 2 shows changes of beam orbits between physics stores and local pol dedicated stores in p+Au.

ZDC position 

June 23, 2016 8
Itaru’s slide

Beam center in dedicated run 

June 23, 2016 10

Figure 2: Beam orbits in p+Au physics stores (left), and p+Au local pol dedicated stores (right). Angles
are not in scale.

Table 1 shows beam orbits in mrad.

Beam position at the ZDC are summarized in Figure 3.

8

ZDCN|S trigger  

¥s (GeV) Proton fraction (%) Kaon fraction (%) 

62 16.6 0.5 

200 1.6 1.0 

410 0.2 1.3 

BBCLL1&(ZDCN|S) trigger 

¥s (GeV) Proton fraction (%) Kaon fraction (%) 

200 1.2 1.0 

410 0.3 1.4 

 

 

5.2 Bunch shuffling 
A technique called “bunch shuffling” can be utilized to check uncertainties in asymmetries due to the 

variation of beam characteristics bunch by bunch. The basic idea is the comparison of the asymmetry 

fluctuation to the statistical uncertainty by random assignments of spin patterns in each bunch, is called a 

bunch shuffling. If there is no systematic uncertainty, the fluctuation of asymmetry with the bunch shuffling 

should be same as the statistical uncertainty. If there is, the fluctuation being larger than statistical one. 

 We evaluated F2 value as defined as, 
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where f is the fill number with n being the total number of fills. Therefore, Ȥ2 distributions lead to the 

comparison of the asymmetry fluctuation, shown as numerator, to the statistical uncertainty, shown as 

denominator, through the run period. We can evaluate bunch-by-bunch systematics whether the Ȥ2/ndf is unit 

or not.  

 In the bunch shuffling, of there is significant asymmetry, it affects to the result as a residual asymmetry. 

Thus, It is safe way to do by zero asymmetry sample. In this case, we have vertical scan result as zero 

asymmetry data sample. Vertical and horizontal scans are basically using same data set, so we can assume 

bunch shuffling for vertical scan can be delivered to the horizontal result. We are using ɂୱ୦୳ϐ୪ୣሺ�ሻ as a fit 

result of -4 cm to 4 cm for the vertical scan. 

 

Bunch shuffling study is still home work. 

 
 
 
 
 
 

Table 5.1 Background fractions for each energies estimated by Geat3 and pythia event generator.  

Background in neutron detection

• Elastic/diffractive scatterings will generate particle shower by hitting the DX magnet and have a 
chance to deposit energy in the ZDC

• Main backgrounds for neutron measurement are photon and proton 

Earlier GEANT3 simulations

410/12/20



 
 

2. Data sample. 
We have used two triggers to collect leading neutron data. One is a ZDC self trigger, called “ZDCN|S”, and 

other is that with the BBCLL1 association, called “BBCLL1&(ZDCN|S)” which have been used as a local 

polarimetry trigger [4].  

Leading neutrons have been measured by ZDC/SMD detectors which are place both NORTH and SOUTH 

sides. The data sample is summarized as follows. 

1) ¥s =62 GeV 
RUN6 transverse data is used (Fill#8005,8015,8016,8021,8022,8023,8024 and 8025). Event sample is 

62.8M for “ZDCN|S” triggers. Polarizations are ~ 49% in this period. 

In RUN6, the charge veto counter (a scintillator paddle in front of the ZDC) is not covered the ZDC 

acceptance at NORTH side. Thus, we cannot do correct measurement for NORTH side.  

2) ¥s =200 GeV 
RUN9 transverse data is used (Fill#10616 and 10629). Event samples are 32.9M and 26.4M for 

“BBCLL1&(ZDCN|ZDCS)” and “ZDCN|S” triggers, respectively. Polarizations are ~ 55% in this period. 

(polarization is online value, thus need to add 10%, relative to polarization as a systematic uncertainty )  

3) ¥s =500 GeV 
RUN9 transverse data is used (Fill#10340, 10348, 10371 and 10373). Event samples are 74.6M and 

5.3M for “BBCLL1&(ZDCN|ZDCS)” and “ZDCN|S” triggers, respectively. Polarization is ~ 42% in this 

period. (polarization is online value, thus need to add 20%, relative to polarization as a systematic 

uncertainty ) 

 

3. The calculation method of the single transverse spin asymmetry. 
3.1  Luminosity formula 
Raw asymmetry (HN) is calculated as, 
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 where NĹ and LĹ (NĻ and LĻ) are experimental yield and luminosity for the colliding particles with up (down) 

Figure 1.1 Schematic diagram of the leading neutron 

production, pa ĺ nX, on the Reggeon exchange model 

showing with Lorentz invariant variables sƍ,Q2 and t. a is 

the proton or positron for pp or e+p reactions. R indicates 

a Regge trajectory with isospin odd such as ʌ, ȡ, a2 and 

Pomeron-ʌ in the Regge theory. In case of the pion 

exchange model, R means ʌ. 
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Run–6 analysis 

2. Data sample. 
We used two triggers to collect the data. On is a ZDC self trigger, called “ZDCN|S”, and other is a 

association of BBCLL1, called “BBCLL1&(ZDCN|S)” which have been used for the local polarimetry 

(AN225,462). Such coincidence study is very interesting since AN is larger than self neutron trigger at ¥s 

=200 GeV.(AN485). The comparison of asymmetries for these two data samples would give us additional 

information for the neutron production mechanism. 

Forward neutron measurements have been performed by the ZDC/SMD detectors for both NORTH and 

SOUTH side. Currently the measurement is not properly, pedestals are shifted and low gain for SMD signals 

in the specific ADC region for ZDC. It caused some bias for the measurements. This effect is 

especially-pronounced in NORTH side, not so much SOUTH side. We applied offline correction, but we do 

not estimate its systematic error yet. Thus, we are using results from SOUTH as a final values and results from 

NORTH as a cross check. 

The data sample is summarized as follows. 
1) ¥s =62 GeV 

RUN6 transverse data is used (Fill#8005,8015,8016,8021,8022,8023,8024 and 8025). Event sample is 

62.8M for “ZDCN|S” triggers. Polarization is ~ 49% in this period. 

In RUN6, the charge veto counter (a scintillator paddle in front of the ZDC) is not covered the ZDC 

acceptance for NORTH side. Thus, we can not do correct measurement for NORTH side.  

2) ¥s =200 GeV 

RUN5 transverse data is used (Fill#6931,7294,7295 and 7296). Event sample are 17.6M and 6.5M for 

“BBCLL1&(ZDCN|ZDCS)” and “ZDCN|S” triggers, respectively. Polarization is ~ 48% in this period. 

3) ¥s =410 GeV 

RUN5 transverse data is used (Fill#7224). Event sample are 46.0M and 7.0M for 

“BBCLL1&(ZDCN|ZDCS)” and “ZDCN|S” triggers, respectively. Polarization is ~ 28% in this period. 

 

3. The calculation method of the single transverse spin asymmetry. 
3.1 Luminosity formula 
Single transverse spin asymmetry is calculated by using luminosity with certain detector region. A raw 

asymmetry , HN, is defined as,  

N
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 where NĹ and LĹ (NĻ and LĻ) are experimental yield and integrated luminosity for the data with colliding 

particles with up (down) transverse spin. P is beam polarization. In this analysis, BBCLL1 count is used for 

the luminosity. Hsmearing is the dilution term due to the position resolution.  

 Since HN must be 0 at the beam center, the center position can be extract by scanning of HN by luminosity 

formula in various detector region. 
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CPV  distribution shapes in 
data and simulations differs 
widely

Data based background 
estimation necessary



Yellow : ADC < 50 Yellow : ADC > 50

Blue : ADC < 50 Blue : ADC > 50

X-positions in North is not suppressing background significantly
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1)�ZDCN|S trigger 

  
 

  

BLUE forward Yellow backward 

BLUE backward Yellow forward 

BLUE forward  Yellow backward 

BLUE backward Yellow forward 

Figure 4.8 Horizontal scan results by 

square root formula for ZDCN|S 

trigger. Red, blue and green indicate 

results at ¥s =62, 200 and 500 GeV, 

respectively. The finite asymmetry is 

seen in the forward kinematics. 

 

Note : NORTH measurement at ¥s = 

62 GeV cannot be used (see section 2)

Figure 4.9 Vertical scan results by 

square root formula for ZDCN|S 

trigger. Red, blue and green indicate 

results at ¥s =62, 200 and 500 GeV, 

respectively. 

 

Note 1 : NORTH measurement at ¥s = 

62 GeV cannot be used. (see section 2) 

 

Note 2 : At RUN9, blue pol. direction 

tilted about 14 degree at 200 GeV. And 

yellow pol. is also tilted some amount 

(changing fill-by-fill) at 500 GeV. 

Thus, we can see small asymmetries in 

forward kinematics in this vertical 

scan. 

South : Yellow

North : Blue

Seems to not getting full statistics as compared to older plots

x yφ

62.4 GeV Asymmetries and x-y scan

 
 

 

 

5. Systematic study 
5.1 Estimation of the background 
 1) Beam gas background 

As one of the backgrounds, we need to consider a beam gas event which is the particle shower event 

occurred by an interaction between the proton beam and particles in the beam pipe. It is removed by the 

requirement of the collision vertex since most of beam gas events distribute in out of the collision time 

window. However, in case of the ZDC self trigger, we cannot distinguish the collision event and beam gas 

event. The amount of the beam gas event is estimated in this section. 

As a RHIC operation in RUN6, there were 9 abort bunches in each beam. In the PHENIX 

IP, abort bunches of one beam cross to the filled bunch of other beam (crossing 31~39 : only blue beam is 

filled, crossing 111~119 : only yellow beam is filled). In these crossing, only the beam gas event can occur, 

whereas the collision can never. We can estimate the fraction of the beam gas background by the events in 

abort bunches assuming there is no differences of beam conditions in all bunches. In RUN9, such 

filled-unfilled bunches were reduced at PHENIX IP. 

Figure 5.1 shows the event counts in each bunch crossing after the neutron identification in SOUTH ZDC for 

¥s =62 GeV data and 2% beam gas is contained. Figure 5.2 and 5.3 shows that for 200 and 500 GeV at RUN9. 

In these energies, beam gas event is really suppressed as 10-3 level, negligibly small. 

Figure 4.18 AN vs. Estimated pT for different center-of-mass energies. Red, blue and gree indicate that for ¥s = 62, 

200 and 500 GeV, respectively. Data at лs = 62 GeV are merged to one point. 

From preliminary note
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Data MC comparison of x-positions

points  : data (South) x-mirrored
Solid line MC

points  : data (North)

Solid line MC
φ φ

X (South)

X (North)
CPV not suppressing North side asymmetric background

ADC > 50 ADC < 50

Need to check where losing the statistics

10/12/20 15

Asymmetry for signal and background - south



Summary

• For run-9 500GeV asymmetry is large and background fraction in 
below 1% level. Simulation shows in 0.1% level. The background looks 
symmetric
• Corrected Asymmetry numbers to be estimated from data and 

simulations

• Run-5 background estimation from data and simulations is made.
• Run-5 need to checked to increased the missing statistics 
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0 20 40 60 800

100

200

300

zdc_ene[0] {zdc_tdc0[0]<38000 && zdc_tdc1[0]<38000 &&zdc_ene[0]>13&&zdc_ene[0]<37 && zdc_ene[2]/zdc_ene[0] > .03 && TMath::Abs(TMath::Sqrt((xpos[0]-0.000000)*(xpos[0]-0.000000) + (ypos[0]-0.000000)*(ypos[0]-0.000000)) - 0) < 5 &&  zdc_rawadc[40] > 50 && wypos[0]>1&&wxpos[0]>1 && bbc_npmt[0] >-1}

qa23
Entries  2669
Mean    22.89
RMS     5.952

zdc_ene[0] {zdc_tdc0[0]<38000 && zdc_tdc1[0]<38000 &&zdc_ene[0]>13&&zdc_ene[0]<37 && zdc_ene[2]/zdc_ene[0] > .03 && TMath::Abs(TMath::Sqrt((xpos[0]-0.000000)*(xpos[0]-0.000000) + (ypos[0]-0.000000)*(ypos[0]-0.000000)) - 0) < 5 &&  zdc_rawadc[40] > 50 && wypos[0]>1&&wxpos[0]>1 && bbc_npmt[0] >-1}
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