ALICE FoCAL for RHICt-I|
Experiment

RIKEN/RBRC

ltaru Nakagawa



N kov

7
‘/*‘O@;%

Transverse Single Spin Asymmetry

miEmER E 2 IEXRE

BMRE L Ice TRl —I5F +BTERT. BIAICERSND
NEAVICEGIRTIMEDNEA SN D

2020/7/2



RERIJT PIE T IR FRE DERA

PHYSICAL REVIEW D 88, 032006 (2013)

Inclusive cross section and single transverse spin asymmetry for very forward neutron production
in polarized p + p collisions at ./s = 200 GeV

A. Adare, S. Afanasiev,?® C. Aidala,*>*! N.N. Ajitanand,>® Y. Akiba,>>** H. Al-Bataineh,*’ J. Alexander,>® K. Aoki,>**3
L. Aphecetche,61 J. Asai,>® E.T. Atomssa,>* R. Averbeck,’® T.C. Awes,*® B. Azmoun,? V. Babintsev,>> M. Bai,’

G. Baksay,19 L. Baksay,19 A. Baldisseri,'® K. N. Barish,’ P.D. Barnes,>”* B. Bassalleck,*® A.T. Basye,1 S. Bathe,®°
S. Batsouli,*® V. Baublis,’> C. Baumann,** A. Bazilevsky,8 S. Belikov,®* R. Bennett,®® A. Berdnikov,® Y. Berdnikov,>®
A A. Bickley,13 J.G. Boissevain,>” H. Borel,'° K. Boyle,60 M. L. Brooks,>” H. Buesching,8 V. Bumazhnov,?? G. Bunce,>>*

S. Butsyk,>” C. M. Camacho,*” S. Campbell,®* B.S. Chang,®® W.C. Chang,? J.-L. Charvet,'® S. Chernichenko,?
C.Y. Chi,"* M. Chiu,>* L.J. Choi,*® R. K. Choudhury,” T. Chujo,** P. Chung,*® A. Churyn,?® V. Cianciolo,*’ Z. Citron,*
B.A. Cole,' P. Constantin,” M. Csanad,'® T. Csﬁrg(’i,68 T. Dahms,® S. Dairaku,>>*3 K. Das,?° G. David,® A. Denisov,??
D. d’Enterria,34 A. Deshpande,s“’60 E.J. Desmond,8 0. Dietzsch,57 A. Dion,60 M. Donadel]j,57 0. Drapier,34 A. Drees,60

K. A. Drees,” A.K. Dubey,67 A. Durum,? D. Dutta,’ V. Dzhordzhadze,’ Y. V. Efremenko,*’ F. Ellinghaus,13
T. Engelmore,14 A. Enokizono,36 H. En’y0,53’54 S. Esumj,64 K.O. Eyser,9 B. Fadem,43 D.E. Fields,“’54 M. Finger,10

Primary Author : Manabu Togawa

_/BBC N

..1;3..................... . ....px

Dx o o
Collision point

4............................................o“"

Blue Beam

Yellow Beam
[1ZDC (W-Cualloy) [ ] Charge veto counter (Plastic Scintillator)

£Z23]

72| SMD (Plastic Scintillator)

2020/7/2

INCLUSIVE CROSS SECTION AND SINGLE TRANSVERSE ..

0.1 9.1% systematic scale uncertainty not shown
6.2% (x>0) and 5.9% (x_<0)
polarization scale uncertainties not shown
0.05

AN
o
—L||1|||||||l|||x]|||||
E.E
.—B—g«

-0.05 %j %
'O.11-x|--.|..I...I..I...I...J.(.I...i...
-1 -08-06-04-02 0 02 04 06 08 1
<XF>
0.1 L 7.4% systematic scale uncertainty not shown
F 6.2% (x_>0) and 5.9% (x_<0)
L polarization scale uncertainties not shown
0.05~
= L
< ) E# E """""""""""""""""""""""""""""""
-0.05 143
01k | Lol L

L L PRI R PRI B
2 0 02 04 06 08 1

<X, F>

PRI IR B B
-1 -0.8 -0.6 -04 -0

FIG. 18. The xr dependence of Ay for neutron production
in the (upper) ZDC trigger sample and for the (lower)
ZDC ® BBC trigger sample. The error bars show statistical
uncertainties, and brackets show pr-correlated systematic un-
certainties. Systematic scale uncertainties listed in Table IV and
polarization scale uncertainties are not included.
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RHIC £5(2017)

STAR Collision Point RHICE  +2.8mrad
jzock $—) @ @ 7@ | 10cm
biue beam yellow beam p . magnet
< ~18m 7

ZDC+SMD

Installed new sampling calorimeter RHICf in
front of existing neutron calorimeter, ZDC.
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RHICf detector

* Two position-sensitive sampling
calorimeters
e TS (small tower): 20mm x 20mm
e TL (large tower): 40mm x 40mm
* Tungsten absorber (44 X,, 1.6 A,..,)
e 16 GSO sampling layers

e 4 XY pairs of GSO-bar position layers
(MAPMT readout)

Sampling [ | GSO-plate
Position [ GSO-bar hodoscope
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2017 operation

* June 23 commissioning of polarized
proton collisions, detector installation at
the final position, detector commissioning

e June 24 — 27 physics data acquisition
e 27.7hours, ~110M events

* 3 detector positions
* TL center / TS center / Top position
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t® Performance

» ¥ peak with ~10 MeV/c? width

* 30 region selected as ©° candidates
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Data analysis by Minho Kim
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Transverse Single-Spin Asymmetry for Very Forward Neutral Pion
Production in Polarized p + p Collisions at 4/s = 510 GeV

M. H. Kim, O. Adriani, E. Berti, L. Bonechi, R. D’Alessandro, Y. Goto, B. Hong, Y. Itow, K. Kasahara, J.H. Lee, T. 63
Ljubicic, Y. Makino, H. Menjo, |. Nakagawa, A. Ogawa, J.S. Park, T. Sako, N. Sakurai, K. Sato, R. Seidl, K. Tanida,

S. Torii, A. Tricomi, M. Ueno, and Q. D. Zhou (RHICf Collaboration)
Phys. Rev. Lett. 124, 252501 — Published 22 June 2020

u m < More

Article References No Citing Articles ﬂ HTML

Issue

Vol. 124, Iss. 25 — 26 June 2020

Transverse single-spin asymmetries of very forward neutral pions generated in polarized p + p

collisions allow us to understand the production mechanism in terms of perturbative and

nonperturbative strong interactions. During 2017, the RHICf Collaboration installed an electromagnetic

calorimeter in the zero-degree region of the STAR detector at the Relativistic Heavy lon Collider (RHIC) M) Check for updates
and measured neutral pions produced at pseudorapidity larger than 6 in polarized p + p collisions at

/s =510 GeV. The large nonzero asymmetries increasing both in longitudinal momentum fraction z
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RHICF-152 BB 5 T181(2024)
I NAVE” v=_E|d

«p'+A
Year Species Energy [GeV] Wks Rec.L Samp.L Samp. L (all-z)
2023 Year-1 Au+Au 200 160 7nb"! 87nb! 34nb~!
p+p 200 11.5 — 48 pb~1 267 pb~!
2024 Year-2
p+Au 200 115 —  033pb~'  146pb7!
Year-3 Au+Au 200 235 14nb~! 26nb! 88 nb~1
Year-4 | p+p 200 23.5 — 149 pb~! 783 pb~!
Year-5 Au+Au 200 235 14nb~! 48nb! 92 nb~1
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ALICEORIHE A0 X —X5EAE

Pads

1) Total number of modules: 11 x 2 = 22 modules

2) Total number of Pad layers: 22 x 18 = 396 layers

3) Total number of towers: 22 x 5 = 110 towers

4) Total number of silicon sensors: 396 x 5 = 1,980 sensors
5) Total number of readout ch.: (8 x 9) x 1,980 = 142,560 ch

ECal

ical ‘oo : i +396 FEE PCB, 180 aggregator boards, 8 CRU
|Pads and Pixel Layers ‘

HCal: ~2K channels

Timescale till Run-4 8
Rund|Z[@) T TR+

2019 (2020 2026
Q4 |Q1Q20Q3 Q4 Q1 Q20304
LHC LS2
Lol
R&D
Test beam
TDR
Final design

Production, construction, test of module|
Pre-assembly, calibration with test beam
Installation and commissioning

2020/7/2 Physics data taking
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ALICE-FoCal
FoCal-E basic design

1 mm . ;
| c 3 The design of the detector:
Transverse segmentation T
LG cells e 20 layers: W (3.5mm=1 Xg) +
, | Si-sensors (2 types):
[ 1
1 HG cell » low granularity (LG), Si-pads

» high granularity (HG), pixels
(e.g. CMOS-MAPS)

1cm

¢ Moliere radius ~ 1-2 cm

Longitudinal segmentation

0 ; 5 3 . B . ‘ LG HG
plxgl/pad ~1cm2 =~ 30x30 pm?2
size
total #of 5 5x105 ~2.5x109
pixels/pads

absorber LG layer

The surface area of the detector
will be about 1 m?




RHICf vs FOCAL Performance
| omme | rocaLprowtee

Acceptance 4cm x 4cm + 2cm x 2cm 8cm x 9cm x 2 units
Radiation Length 44X, 20X,
Interaction Length 1.6 A ~0.8N\;; ?
Position Layer Resolution 100pm ~10um?
<3% 3.6%

Energy Resolution

Position Detector GSO-bar MAPS(Under development)

0 1 2 3 4 5

) GSO-plate

B GSO-bar hodoscope
Arm1 calorimeter o oo RHICf

\
\ \
.
|||IIIIIIIIIIIIIII \absorber ‘Le'ayer q :\
Q 50 100 150 2

00
Longitudinal size [mm]

20/40mm

FoCAL
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RHICF-I & HH 2%

ECal
Hcal oo

Pads and Pixel Layers

HCal: ~2K channels
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RHICF & RHICE-I1 D 3744

RHICf acceptance
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— Series of dedicated position measurement becomes one shot measurement!
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n® Asymmetry Preliminary Results

MatiEE DE
z0.3¢ Phys. Rev. D 90, 012006
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Backup
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Final State Effect

Initial State Effect

Sivers Mechanism
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LHC forward (LHCf) Experiment
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