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— Discovery of the finite single transverse spin
asymmetry (Ay) for the leading neutron production

Leading neutron measurements at RHIC-
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—_ AN

— Cross section (with other experimental results)
Theoretical calculation

Future measurements

Summary



RHIC

e Relativistic Heavy Ion Collider
 World’s first polarized pp collision machine

S-p'm patterns are 5 Polanzatlons ;
blue beam : 11]]... RUN 2005 : 47%

Yellow beam : 1| 1]... RUN 2006 : 50%



Motivation : Discovery of leading neutron asymmetry (Ay)

Polarized pp collision at V' s =200 GeV (RUN2001-2002)
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Motivation : Discovery of leading neutron asymmetry (Ay)

Polarized pp collision at V' s =200 GeV (RUN2001-2002)

Dy magnet / ~18 m . *2.8mrad
= > —=
B e — I 5 I @ B [10cm
Hodoscopes Detector
(trigger for collision) 2.2 <|n|<3.9 (EMCal based)

10 cm
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~9% negative left-right asymmetry.
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Detector geometry - Continue to investigate at PHENIX °



PHENIX setup

Schematic view from simulation.
- GEANT3 (Geisha)

- From the pythia simulation, Main
backgrounds are photon and proton.

1800 cm _—2# g

Collision point

Beam Beam Counter (BBC)

e 2 1dentical parts
— BBC-north and —south

e 64 segments each.

e (Quartz Cherenkov counter
— Count charged particles.

\» 30<n<39
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PHENIX setup ZdC O\

Schematic view from simulation. gi?iﬁferf)e

- GEANT3 (Geisha)

- From the pythia simulation, Main 2 10*10cm

backgrounds are photon and proton. & - 2 8mrad
3 modules
150X, 5.1%,

/




PHENIX setup | INEEl e

P& (Zcro Degree
Calorimeter)

Schematic view from simulation.
- GEANT3 (Geisha)

- From the pythia simulation, Main 2 10*10cm

backgrounds are photon and proton. & - 2.8 mrad
3 module
150X, 5.1%,

/
=

(Shower Max Detector)

Neutron position can be

decided by centroid
method. 8 J




PHENIX setup

Schematic view from simulation.
- GEANT3 (Geisha)

- From the pythia simulation, Main
backgrounds are photon and proton.

(IR
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8 10*10cm
- 2.8 mrad

3 module
150X, 5.1%,
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(In case of proton mom. = 50GeV/c)
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Leading neutron A at PHENIX

Polarized pp collision at V' s =200GeV

~18 m

Dy magnet / . X2.8mrad
____: > _—=
N @ ———— @ I !10cm
ZDC BBC (3.0 <|n|<3.9) ZDC
charged
neutron particles

Without é | é'
BBC hit

Forward Neutron Asymmetry § distribution ZDCN|S trigger
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Leading neutron A at PHENIX

Polarized pp collision at V' s =200GeV

~18 m

Dy magnet y « X2.8mrad
= > _—~
N @ ——— @ Bl [10cm
ZDC BBC (3.0 < |n| <3.9) ZDC
char_ged
Without é éneutron With pf:'cﬁ,s neutron
BBC hit BBC hit —é—*/ = S

Forward Neutron Asymmetry § distribution ZDCN|S trigger
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PH ENIX
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ooef Neutron asymmetry is larger if /’/’
BBC hits are required
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Cross section at ISR and HERA

Pt
: L ~0 GeVie
* ISR experiments S LA S
L r | ]
— ptp @ sqrt(s) =30-63 GeV. 1, | 02 Gevi
— Cross section of leading E Rall
neutron production has peak & i | eV
structure at high x; (~0.8) ,E oo o 0.6 GeV/e
— Scaling by xg, not sqrt(s). =t
0.2 0.4 06 0.8 1.0 X

Nucl. Phys. B109 (1976) 347-356

"1clusive zero-angle neutron spectra |
= \s=30.6 GeV
n \s=44.9 GeV
\s=52.8 GeV
= \s=62.7 GeV
1

I NI B A AR N S A A AN B A A B S A B A B A A AT B AN TS S
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

X=P /P max XF

e HI and ZEUS experiments
— et+p @ sqrt(s) ~ 300 GeV.
— Also have forward peak
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- Well described by the One
Pion Exchange (OPE) model.
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Cross section at PHENIX

Cross section of forward neutron production ( integrated in 0<p;<0.11x; (GeV/c) ) . . . .
= 09 — pr distribution 1s
€ ostl " s=30.6 GeV : ISR data PHENIX preliminary assuming ISR result
= e | s=44 9 GeV : ISR data
2 0.7F \s=52 8 GeV - ISR data L1
s F s=62.7 GeV : ISR data .l.?ﬁi *
\?._-0.6; ° s=200 GeV : PHENIX data ’ ;T | i
205
: Pmlx i ! T; Integrated p area :
2 E _ ' T 0<p.<0.11x; GeV/c
= 0.3 : .
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- Cross section 1s consistent with the ISR data; No evidence for
violation of x; scaling at higher energy.
—> Leading neutron in RHIC energy is also described by the OPE

model. -



Theoretical model (Regge theory)

Dissociation process

D mz c_~
b(p) i% X b
For p'p2>nX

Optical theorem

C
\751
R R

N
(Rij~. _1Rj)
9 N, Y \\ -

b b

- R, will be Pomeron for high energy scattering.
-R. and R, are the 1sospin-odd reggeon, such as m«, p, a,...
- Absorption correction is important.

* For cross section : Most of R; and R; are w exchange
 For Ay : also expected to be explained by n exchange which has

spin flip amplitude

— In general, finite A needs to have interference btw spin flip and non-flip

amplitudes.

: spin flip amplitude 14



asymmerty _

1
.
—

First calculation

B.Z. Kopeliovich, I.K. Potashnikov, I. Schmidt and J.Soffer
arXiv:0807.1449

s=2007 ; S(b)=hadr
G=1, 2, 3, 5 mrad

1,2 mrad

3 mra
4 mra

— S5 mrad

05 06 07 08
Xg

0.9

Asymmetry 1s calculated by
considering pion exchange in
various detection angles.

— Asymmetry 1s demonstrated by
the OPE model.

However 1t 1s very small so far.
— PHENIX kinematic region :

xg=0.6-0.8, and 0 <2 mrad.

— Need to consider other reggeon
components. (€.9. a, exchange)



Future measurement :

A\ measurements at various V s

Arbitrary unit (Measured AN}-

Arbitrary unit (Measured AN}-

'S pr = Epsin@, ~zpE,0,

- pr 1s approximately proportional to the
incident proton energy. =2 p,-dependent A
- We have measured finite asymmetries at
V's=62, 410 and 500 GeV

- We already measured significant Ay 1n all.

Vs =410 GeV

[ \\\\\

- AN
3 .

3 N

3 \4*?

I

Arbitrary unit (Moasurad A

Vs =500 GeV

From this year’s run




Other pion exchange phenomena
in high energy pp interaction

e E866 Drell-Yan measured u<d in the proton.

— Pion cloud model explains best for the result

r _ _ 1]
2 75 EFFNAL E866/NuSea Drell-Yan .- L
o . L |"._||
E Na s1| CTEQ#ME 1\
“r - a1 - .
F 8 — CTEQ5M --- CTEQ4M
Li5F ' — MRST  — GRV98
15k 98 @ LE866 O Hemmes
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0251 Systematic Error r .
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X X
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Hadronic structure in the proton ?

e Meson cloud model

— Leading neutron cross section 1s also described by
p—2>nm* state. U. D'Alesioa & H.J. Pirner Eur. Phys. J. A 7, 109 (2000)

— P1on exchange 1s key for these phenomena.

e Such hadronic structure 1s very interesting
— It can explain nuclear force

— Need to consider in proton spin component?

e Cross section is not small component in pp scattering

1 A.W. Schreiber & A.W. Thomas

— A+ Ag + AL Phys.Lett.B215, 141 (1988)

) F. Myhrer & A.W. Thomas
hep-ph/0709.4067

1
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Future measurement :
Neutron-tagged Drell-Yan measurement

* Does neutron tagging enhance these p
productions via quark annihilation?
— Central arm : 0<|n|<0.35 e-pair
— Muon arm : 1.2<|n|<2.4 p-pair D

2008 PHENIX Detector

ZDC South ZDC North
() ()

MulD MulD

Drell-Yan

process




Summary

* We have measured leading neutron production in polarized
p+p collisions at RHIC-PHENIX.

— Cross section 1s consistent with the ISR result, No evidence for
violation of xp scaling. The OPE model can describe the result.

— An effort 1s under way to explain the asymmetry with the same
model.

e Future measurements

— A, measurements at various V s.
e They will allow us to study of p; dependence.
e We also measured significant asymmetry at \ s=62, 410 GeV and 500 GeV.

— Semi-inclusive measurement

e Drell-Yan production associated with leading neutron.
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arb. unit
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[P12 experiment (Hadron Cal)

Polarized pp collision at Vs=200 GeV

D_magnet y ~1800cm . *2.8mrad
— >
q - 10cm
® Blue beam yellow beam e I

Hadron
Cal

N

postshower

L ”~

Gamma veto /

(plastic scinti.)

\ 5 cm Lead block /

N\

xxxxx

e
xxxxx

hodoscope N\

PHDBOS

| PHENIX

LOCAL-POL

BRAHMS

EM Cal

Garged veto

(plastic scinti.)

2.8 cm steel

preshower

Neutron veto
K (plastic scinti.) /



Hadron Cal-based result

Neutron <, by HCal
z 1.5¢

w

Left-Right definition 1

Y A unif : cm

o Backward : pO = 0.0016 + 0.0011

0.5

0

-0.5

-1

-1.5

E . Forward : p0 =-0.0085 + D.OOHI

0 10 20 30 40 50 60 70 80 90 100
Measured energy (GeV)

Same results.
Finite asymmetry can be seen in forward y
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Shower Shape study

e Shower shape Fill( scinti.pos[1] — ypos,
smd ene[1]/SumY);

IEMD hit distribution ws. scintillator position in 1 event {y-pos) | | SMD shower Sl'lﬂpE-' |
= E [
B L o =
@ C l 04
#2500 I E -
- | - -
a [ s{).35
& C ! g F
2000 | 2 03F
C ! % u
C | 25
1500 : -
N | 0.2
N | -
1000 ! 015
C [ =
n l \\ 0.1F
500 — | -
N : 0.05 I
[|;EE--L-F_-__l_‘I__|_1__|_+_|_1__I_+:_|_T_I_+_I_T_I_' ']:Illlllllll II II 11 11 II IIIIIlIIIlIII
] -4 ] 0 2 4 [& -0 -8 B 4 -2 0 2 4 [ 8 10
. . .. Scintillator position - Decided position (cm)
Sincitllator position

Position decided by centroid method

— Looking by each energy and N of scintillator hits.

e PF (peak fraction)
— Defined as smd ene[peak] /Sumy



Shower Shape for x
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Shower Shape for y
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Cross section calculation

 The total cross section with PHENIX neutron

Input p shape

10.0

cut. 1s estimated.

— pr1s not evaluated from our data. As simulation
input, ISR result 1s assumed.

— In this analysis, radius<2cm from the collision

point (1800cm) 1s calculated.
1.1 mrad : 0<p<0.11xp GeV/c,

9

(mbiGeVICQJ

e

Ed%/d%

b
W,
|
! 4+

o
i

Vi:53.0 GeV =
44,6 v
=306 + =

0.32X=04

§

-4.8 p

A

Assumed
do _ N neutron 1 / ]
PHENIX data. dx F - Lumi dx i Simulation input oo

I comparing

ISR data 1s converted to current cut. (0<p,;<0.11x; GeV/c)

b £ T C Rl

Xk

|

d’c

d’p

E
p; )L dp; dX

aT—A*exp( 4. 8pT

.........

| E

Acc.




t-range

En
Ep
2
P 1—X A
I : (mﬁ—mef)) th....
Xe Xr (m,,
ISR p; distribution
1S assuming. J
_

X <pT>%eV/c) t (GeV?)
0.4~0.6 0.088 -0.458
0.6~0.8 0.118 -0.134
0.8~1.0 0.144 -0.033




nlD study using pythia input.

10°

| single particle energy distribution | b3 \pid {partnum==1}] htemp
Entries 664720 10" Entries 464401
E= Mean 11.53 [ Mean 9.255
3 RMS 15.33 160 ll RMS 5.828
ZDC threshold is ~5GeV 140 |
120 L
100
80—
: 80
i a0 | Y
B C
; "ﬁm 1 20
i :
B e 0 1 l . N R
0 50 100 150 200 250 300 0 5 10 15 20 25
GeV
Black : sum pid pid
Green : gamma 1 Gamma 10 KO long
Blue : neutron 2 Positron 11 K+
Red : proton 3 Electron 12 K-
5 Mu+ 13 Neutron
6 Mu- 14 Proton
8 Pi+ 15 Antiproton
9 Pi- 25 Antineutron

B)




Correction of BG (estimation)

e With SMD cut and center cut (r<0.5), BG are mainly
KO and proton

— From ISR paper,

- — —— T ek J.J."l-r'!.r!.r\.ll.l“l."'

The KO background, wluch was subtracted, was assumed to be the average of
K* production [10] . This background amounts to about 10% at x= 0.2 and less

than 4% for x > 0.4, —
— Pythia out.
E (GeV) KO (%) Proton (%)
10-20 16.67 11.11
20-30 5.97 2.99
30-40 4.69 2.34
40-50 1.75 3.59
50-60 1.78 4.14 Pythia out is agree KO ration with ISR
0070 1.50 5.00 data. I used BG distribution after cut
;8:2 1';8 ;'76 from the pythia.
— : — Error will be added 100% of this value




e (Central Arms

— n|<0.35 Ap~m

— v, 7Y, e, ' - identified
e  Muon Arms

— 1.2<n|<24

— u—identified

PHENIX

i

—> Polarized gluon structure
function is studied for

spin physics.
A | ]
Central Magnet \w&g‘
& w5
| R s A L]
DC South = 1 |0 . P e
- E
aulD LI e CNITE . WAL Ul ;
' ' 2 ] MVDE S _
HI MuTr -
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EMCal spec. for ¥ measurment

AE = Sl +2.4(%)

Central ARM ;/E
AX = —=+1.4(mm)

VE



Comparlson with HERA??

a : - Regge factorization.
:s
< d*o,, — nX
> dX d 2 = ﬂ/p(XF ’t) otal(S )
dpr |
P — N 1 dEU}JF—v.!{'n(IL‘ ,-'3%} 1 {JQEIPF_F‘E”{IL,. P%j
(mp,Ep) t (mn,En) Utgf dxt a’p% Utgi dxL dpzr
: i NA49 : pp Ep=158 G e V, Vs~18 GeV
i T"
H‘ﬂi o) 6 ® 6 6 0 0 O o_-jooooo (:)
e i

%

- NA49 (pp— Xn) +
® Z7EUS (yp— Xn) 95-96
o ISR (pp—= Xn)

02 03 04 05 06 07 08 098 1
X Eur.Phys.J.C33:S515-S517,2004.

L L 1 L L1}
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Energy unfolding

X vs. V estimated by simulation > A
100
> F
. . . O 890 . o
Measured Energy distribution : y 3 ok 0onos
800219 s T E
= o T0F [] O
700 — c E
c = ED;—
F = 50 O 0
500 — 4ﬂ5=
400" mf—D =
300 205
200~ 11:-;_
100 %20 a0 e0 80 100 120 40 760
S P R R E N B R A Measured energy (GeV)
0 20 40 60 80 100 120 140
ZDC energy (GeV) \Energy unfolding |
.- -, . x10"
X : Initial energy distribution 22
: Measured energy distribution 2
y . gy 18-+ Before unfolding A
/ / - e Aft foldi
y(E ) — A(E ?E)ZL‘(E) 16F erunfolding N
14
- 4—1- o4 —1 —1\T 12 —
F=AT'g,  Vo=ATW,ATH, m e .
: : sf
-Eenrgy resolution@ 100 GeV 1s 20% £ o=
— Bin width 1s selected as 20 GeV. £ T o
-xp<0.4 region affects the enegy cut,>20 GeV. 2=
I I I RS B & M

- Use 3 bins above x=0.4.



Future measurement :
Neutron-tagged ©° measurements

 PHENIX is capable to measure 7t

precisely.

— Central arm : 0<|n[<0.35

— Muon Piston Calorimeter (MPC) : 3.1 <|n|<3.7
e Almost same as BBC acceptance.

2008

ZDC South

MulD

PHENIX Detector

MulD

p—i

ZDC North
(]

These data are already
corrected.

The results will be
available in the near
future.
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