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RHICT results

T pl+p = n%+X

e 10 asymmetry

e Phys.Rev.Lett. 124 (2020)

252501

« Comparison with high p,> 0.5 &£
GeV/c data of the past

experiments

* Nearly the same large
asymmetry is reached at low

pr<0.2GeV/c
e Contribution of other

mechanisms, diffraction and
resonance, may provide a hint

to the mystery
« STAR comparison

« Phys.Rev.D 103 (2021) 092009
e s =200 GeV & 500 GeV
e Forward n% 2.7 <n < 4.0

. ?_igniﬂcant part of the

isolated) &
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RHICT results

- RHICf Preliminary
e Neutron asymmetry - pl+p—>n+Xat 5=510GeV (6<n)
 Preliminary result 03_‘ """"""""""""""""""""""""""""""""""""""""

« Ayincreases in magnitude with I ;
prup to 1 GeV/cat high x. o TR

 Clear xcdependence at high p; | - osxcmq, ° "
02r o ok <00 :|at 510 GeV H
’ PhOton SpeCtrum . 0:70:::0:85:]PHENIXatZOOGeV
e arXiv:2203.1541 [hep-ex] o o JTER
« Comparison with LHCf photon | | | P, (GeVic)

results

e First confirmation of collision-
energy scaling at zero degree

o o Ag——————r . A
3 5 & E RHICF 2017 pp, V5= 510 GeV
N~ - - T -
s 10 g 107 S0k b, <023 Gev ]
§ § i
o 102 © 102 © 102
10°2 10°® 10k
1074 10 10
10k 10 10°¢
§ b :ﬁ This work (510GeV) ,' :::: This work (510GeV)
| B —6
10° r+ LHCf (TTeV) 10 —4 tHei7Tew) 10
Y N T BT R ) I IR -7 L Lo L
10753 04 0.6 10755 04 10755 04 0.6 0.8
Xe

May 17, 2022



RH/ICF-I] proposal

« We proposed a second run for
RHICf in 2024 (RHICT-I1)

« RHICT-Il Lol was discussed by
the PAC in 2020.9

e Parasitic beam-time

« We're collaborating with ALICE-
FoCal group to use the FoCal-E
technology

« 3cm x 18cm detector

« Kakenhi-Kiban-A (2021-2024) +
RIKEN budget
 The detector have enough

radiation hardness to work for a
small B* and normal luminosity
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RHICF-1l physics

« KV & A asymmetry measurement

« Expected statistical uncertainty of asymmetry
measurements for n% K%, and A compared to the RHICf
(Runl7) n® assuming the similar luminosity

« BRAHMS comparison
 To understand the forward hadron production mechanism

Forward identified particles at BRAHMS

P =

< o RHICT TEO < " o RHICf TEU <t ol BRAHMS Prel iminary -. o
0.04r RHICH-I| ° 004 . RHICHII 20 -t etenee s n*
« RHICHI A_ -+ RHICHI A i BRAHMS
« RHICEIIK -« RHICHIK f _
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e 0 asymmetry b
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x. of proton

 Neutron asymmetry measured at PHENIX (Run15§
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RHICt-Il physics

« K% & A spectrum measurement
* Impact on air-shower development
 Muon excess issue

« Cosmic neutrino background

« For accelerator neutrino physics, too (FASER, SND)
Energy Threshold 6 years (ICRC 2017)

I Background Atmospheric Muon Flux

I Bkg. Atmospheric Neutrinos (=/K) | Atmospherlc VlJ ﬂux

Background Uncertainties

Atmospheric Neutrinos (90% CL Charm Limit) = total other prompt === K* D* A = wdecay
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STAR Spin/Cold-QCD PWG

« 2022.1.26

« /DC performance issue
« 9 0o'clock blue-beam Snake failure
e Luminosity measurement
« Local polarimeter performance

« Peoplepower issue

« BNL peoplepower necessary for installation and
safety

« DAQ requirement
* Available space
e List of tasks

« Simulation tasks



Conclusion

« 2022.4.8: Decision by the STAR management

 They cannot accept the RHICt-Il proposal.
e The main reason is the lack of human resources.

e 2022.4.22: NPP meeting
e Last discussion to avoid losing the RHICT-I
physics for understanding the forward hadron
production mechanism

« Diffractive process
« Air-shower development & cosmic neutrino background

« No way to cover the lack of human resources

« Minimum two FTE necessary, mechanical engineer and
technician who understand the complex system of
STAR

 No way to obtain them from outside



Conclusion

« RHICT-| data analysis will continue
« Combined analysis with STAR detectors

« Event type categorization
« Diffraction + resonance tagging with STAR + RHICf

« Joint meeting to be held in the near future



FoCal activities

« RANS irradiation test

« Temperature dependence test @ NWU
« CERN-PS test beam
 FoCal-E pad trigger and readout scheme



March 3 (Thu) - 4 (Fri)
« RANS 7MeV proton beam up to 40 pA

 Neutron irradiation from Be target

Proton beam current By S. Shimizu
3/Mar current-proton
Mar. 3 o
2.98 hours
in total on
4/Mar
Mar. 4
5.99 hours - aladl
in total
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March 3 (Thu) - 4 (Fri)

d T e Ste d p-type 1x1 baby

(10x10mm2)
« FoCal-E pad
« p-type 1x1 baby chip
* p-type monitor PD
* n-type monitor PD :
« P-type 2x2 baby Chip ' | | p-type 2x2 baby chip

on a different PCB

* APD p-type monitor PD NS A B

« by Yamazaki & Shimizu Sl I s atigiear
« sSPHENIX-INTT cable N
e experiment ha
) by Nakagawa The black box (New)

| Working now
1 The Ac/DC | (New)
« Monitor PD

| (New) The multimeter ==

° from KyUShU UﬂlV. We will measure the |-V and

The C-meter C-V characteristics of the

° | n d i u m fo i | L The power supply |— P-type 1x1 baby chip, p-type

Tihe CENEEEEr and n-type monitor-PDs

o T h e r m iStO r Optical The power supply =

A control room

An aluminum rod (L=2m) Sensors on PCBs

The analog |(X8) Triaxial cables (L=2.6m)(New) - -
1 multiplexer
 Monitored by {

remotely.

A computer A computer [—

By M. Inaba
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Neutron fluence analysis

e Estimation with Indium foil
e by Shimizu-san
* In Runl, 1092 s, 32.85uA average
« 336 keV y-ray measured by Ge detector

1776411 2766411 . ' 7.81E+11
10 :
4.91E+11 3.14E+12 <:
Beam
INTT calbe
APD APD (Nakagawa)

2
1.37E+12



Status

« Residual radiation levels are still too high to
take all out of the area.

« We have disassembled the setups and identify
items with high radiation levels.
« 4/8: board #4 60 cpm — took outside

e« Sentto NWU for the [-V measurement

e 4/13: board #2 & #3, rod+box 80cpm — took outside
« 4/28: board #5 & #6 70cpm — took outside

 INTT micro-coax cable, APD, board #1 still in the
area

« To be checked again in this week

e [Inaba-san is working on the analysis of the
online measurement data and continuing -V
and C-V measurement



RANS irradiation test

March 3-4, 2022, RANS at RIKE

&

- Monitor PD, baby chips were used
= irradiated ~1014 neutron /om? in two days

= Future: IV, CV test, components irradiation test

n-type p-type
Aleakage current [uA] I-V characteristics of the n-type MPD (Tsukuba) The leakage current [uA] The |-V characteristics of the p-type MPD
30 250
= Before the beam - 13:33:04 = 14:53:31 = 15:25:11 = Before the irradiation
- 16:42:29 - 1TATI08 - 5105 - 10:56:22 * 2022/3/3 (The end of the 1st day)
» 12:17:41 * 13:26:47 = 14:42:01 * 15:09:55 200 = 2022/3/4 (The end of the Znd day)
- 16:01:21 - 16:32:17 16:39:53 - 17:12:27 * 2022/3/7
20 = 2022/3/10
150 = 2022/3/14
2022/3/25
+ 2022/4/8
100
50
1]
0 50 100 150 200 0 200 400 600 800 1000
A bias voltage [V] The bias voltage [V]
PCBs with sensors (M. Inaba)

Slide by T. Chujo
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What we have learned

* Neutron fluence was 10 times higher than
expected by some miscalculations. The distance
dependence from the target was smaller than
expected.

« Good to be able to confirm by simulation calculation

* [t would be good to create a system using MPD as
an online monitor of irradiation doses.

* |t would be good to collaborate with RANS to develop
such a system, which can be offered to other users.

« Since the indium foil irradiation measurement is
performed under high radiation dose, it is
necessary to devise a way to mount and dismount
the foil in a short period of time.

« The amount of irradiation (time) and the number of

sheets at a time should be considered, taking into
account the measurement time with the Ge detector.

* Online measurements provided very useful data.
We hope to succeed next time with the o
measurements we were not able to make this time.



14/20

Temp. dep. of I/V for p-type sensor

-V 28 1 2 x 2 baby chip
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I/V curves for 2x2 and 1x1 babies have been measured at Nara
Women’s Univ. before the irradiation.

s : i . (M. Hata, T. Hachiya,
Initial measurements after irradiation was done (April, 2022) M. Shimomura)

Slide by T. Chujo
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18/20

FoCal PS/ SPS test beam in 2022

-June @ PS (dedicated for PAD (HCal))
*September @ SPS (all subsystems
*November @ SPS (all subsystems)

FoCal-E

18 single pad, and 2 pixel layers

* PAD: HGCROC for PAD w/ aggregator board and O2
(FLP and CRU) system

* PIXEL: under repair of damaged half-layers. Another ‘
option is old prototype (mTower with 8 ALPIDES) FoCal-E PAD & PIXEL

FoCal-H
*9 modules, 3x3 construction underway
* Each module: 6.5 x6.5x 110 cm?3

174,2

Amphanao! FCI Digplaytech

BI684-IE2TO0ALF

194,45

FoCal-H

PIXEL

Slide by T. Chujo
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ALICE

Possible trigger scheme (just an idea) 0l °

19/20

FoCal-E pad trigger and readout scheme discussion

EPad / HCal

trigger sum stream . TP
8 Gbps / 5 tower (Trigger Processor)
176 Gbps for Epad

L1 trigger decision

L1 triggered data

aggregator boards are
part of these boxes

LO/L1 trigger contributions

(L0 is identical to pre-trigger)

pre-trigger decision

within 500 ns

pixels {row,col), all events, S1

J CLK & L0/L1 trigger decision
<1 MHz

PIXEL

pre-trigeer declsion
within 1200 ns

pre-triggerad data

+ RUs for EPad/HCal - forward L1 trigger decisions to detector, receive data, and forward it to CRUs

+  RUs for PIXEL --- forward pre-trigger to detector, buffer pre-triggered data, ship it to CRU if it iz confirmed by L1 trigger of CTP

= RUSs functions and present aggregator functions can be merged (location is question)

+ TP - large scale FPGA together with trigger stream aggregation custom hardware

s0 simple thus it acts as just media converter

quite some complication similar to ITS (pre-trigger merging, tagging. etc)

collect 2x1.28 Gbps streams from each or selected HGCROCs)

g
(=]
T [ T TR [T T [ [ TR T LI T

L1 triggered data 200

=)

L1 triggered data

(K. Oyama, R. Guernane, |. Arsene)

o Started Bi-weekly meeting on trigger using FoCal-E pad data.

600  BOD 1000 1200 1400 1600 1800

Fie409
Mean x 9854
Mezan y 939.9
| Std Devx 326.5
St Dev. 3223

Entries

FoCal Energy per layer, averaged per event
B L I I I I L

T

@
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=

w

2
i
[ 3

Layer ID

(S. Shimizu)

e Skimming simulations for trigger simulation, and trigger studies are ongoing.

May 17, 2022
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The p-type monitor PD (Tsukuba)

The leakage current [uA] The |-V characteristics of the p-type MPD
250

* Before the irradiation

» 2022/3/3 (The end of the 1st day)
200 = 2022/3/4 (The end of the 2nd day)

* 2022/3/7

e 2022/3/10
150 * 2022/3/14
2022/3/25 T W/
» 2022/4/8 o W ,_..—*/J
4
100 -

>
50 %;f
g
g
0
0 200 400 600 800 1000

The bias voltage [V]
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The C-V characteristics of n-type monitor PDs

C [pF]
100

80

60

40

20

May 17, 2022

Lines: Tests after the irradiation (3-May-2022) @ 21.2°C
Dotted lines: Tests before the irradiation (2-March-2022) @ 18.4°C

.ﬂ@@\\%_

The n-type monitor PD (Tsukuba, 6x6 mm?)

The n-type monitor PD (Kyushu)

—e After
=== Before
-o After
i i bttty bty ® Before
20 30 40

The negative bias voltage [V]

50
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Discussion

« 2022.4.8: Decision by the STAR management

 They cannot accept the RHICt-Il proposal.
 The main reason is the lack or human resources.

« 2022.4.22: NPP meeting

 Any way to change this situation?

e To avoid losing the RHICt-Il physics for
understanding the forward hadron production
mechanism

« Diffractive process
« Air-shower development & cosmic neutrino background

« RHICT-| data analysis will continue
« Combined analysis with STAR detectors

« Event type categorization
« Diffraction + resonance tagging with STAR + RHICf



Status

« Residual radiation levels are still too high to
take anything out of the area.

« We have been able to disassemble some of
the setups and identify areas with high
radiation levels.

e Substrate

« Expect to be able to take out the ones that
are low enough next week.

e Setups are being stored together in the area
and online measurements are continuing.

« [Inaba-san is working on the analysis of the
online measurement data.



Collision Science goals | Measurement time, Trigger rate / DAQ

system & & objects luminosity or number of requirement

Polarization events

p+p High-p; m°, 1 pb?, a few hours with 200 200 Hz rare trigger for high-
Radial K%, A SSA Hz rare trigger p; %, K%, A with no-prescale
polarization & high efficiency

p+p KO, A 108 events, about a week 200 Hz shower trigger (with
Vertical Spectrum with 200 Hz shower trigger prescale)

polarization (with prescale)

p+A High-p; nt° Similar to p+p Radial 200 Hz rare trigger for high-
Radial SSA nuclear  polarization p; m° with no-prescale

polarization  dependence

p+A Photon, m°, < 108 events, < 1 week with 200 Hz shower trigger (with
Vertical neutron 200 Hz shower trigger (with prescale)
polarization  Spectrum prescale)

May 17, 2022 25



ZDC performance issue

e Luminosity measurement
« No effect found in 2017 Vernier scan data
« Can we understand this?
« Calibration by Vernier scans if necessary

e Polarization measurement

e Especially, problematic blue-beam snake failure
requires a stable measurement

« How stable we can monitor & evaluate
polarization of the blue beam?

« With shifted threshold energy of ZDC by our detector

« We're studying the effect of additional material in
front of the ZDC, or W+ZDC by simulation.

« We'll consider to study it with existing data in
2022.
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Peoplepower issue

« BNL’s peoplepower necessary for installation
and safety
 We will do everything we can to support this.

« Hardware design and fabrication to be done
by the RHICf-Il collaboration

« Remote manipulator in front of the ZDC
 Other materials and supplies

e Participation in the STAR shift from 2023

« New collaborators in the US
« Stony Brook Univ, Kansas Univ

e Other new collaborators
« Sejong Univ



DAQ requirement

« STAR data recording with 200 Hz RHICT
trigger
« 10% TPC data recording if possible

« Remaining 90% without TPC but all other STAR
data recording for combined analysis of RHICT +
STAR

« Standalone RHICt-II DAQ with independent
data stream

 Event correspondence between STAR DAQ &
RHICT-1I DAQ with event number sharing

e Established in 2017 run



Available space

« We installed RHICf calorimeter (LHCf Arm-1
calorimeter) in 2017.

e W:9cm x H:62cm x D: 29cm

* by removing the top structure as shown in the right
picture
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Available space

e Thereis a ZDC support
frame under the
detector.

e Due to this limitation,
there is only about bcm
space below the beam

p I p €. i Eglgr]; frcI IP

)
C
)
C

460 cm

100 rossing ¢ng

 The space between the []™
beam pipes is about —
« (9.5 cm atthe exitof theng| | | X@
vacuum section) 110 em| .

—100]-

A
| Limited by gDC.suglgpor.t‘ L

-100 -50 ’ 100
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Configuration 1

Front Side
view view
Pixel Readout
Pad Pad
Aggregator Aggregator
board-1 board-

. RHICf

100l Crossing Pixel Layer

- Detector

i eam pipe

-100

A

. 1, Limited by ZDC support, | . .
-100 -50 0 50 100
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Configuration 2

[T more space is necessary for the Pad Readout

Front Side
view P t view Pixel Readout
Pad Pad
Aggregator Aggregator
board-1 board-
[ RHICT IXerrayet PiXEl ayer
. 18.0m fro

100 Crossing
- Detector

Detector-1

100

Pad Readout

A
[ . 1, Limited by ZDC support, | . .
e S Y L SRR Interface board 1
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Aggregator and interface boards for 2022 5

For SPS test beam in 2022, PCB v2, aggregator and interface
board have been produced and largely programmed

Logic tests are ongoing
Built-up of cosmic test bench in progress

* Grenoble group is preparing the firmware and online
monitoring software

(Olivier Bourrion, Damien Tourres, Fatah
Rarbi, Rachid Guernane and Grenoble
LPSC CAD team)

(Grenoble)

2022 SPS test

beam setup e/ Aggregator

Board

May 17, 2022 34



List of tasks

« Simulation tasks

« /DC + W simulation for luminosity measurement and

polarimetry performance with shifted threshold energy
of ZDC

« A —> n + 2y background simulation for reconstruction
and resolution

« Detector configuration and trigger scheme
« Minho Kim is working on the simulation studies

« Blue beam snake failure
« 2022 data analysis
« Hope someone can participate in 2022 data analysis

 Timeline for the RHICTt-II calorimeter construction

« ALICE-FoCal-E prototype beam test at CERN-SPS in
2022 (September & November)

« ALICE-FoCal-E prototype will be used as the first

module of the RHICf-Il calorimeter and commissioned
at RHIC in 2023

e The second module will be constructed in 2022-2023

May 17, 2022 35



Physics at RHICT & RHICT-//

 Measurements of neutral
particle production at
zero degree with RHIC
polarized proton
collisions

« Cosmic-ray study

e Cross section
measurement to
understand ultra-high
energy cosmic rays

« Asymmetry measurement

e To understand the
hadronic collision
mechanism based on QCD

-
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RHICf at STAR in 2017

« EM calorimeter (RHICf detector) installed in front of the
Zero-Degree Calorimeter (ZDC) of the STAR experiment

L

Beam particle
(black solid)

Dipole
Beam pipe STAR
) 18m
N _
7DC particles ;{:}4

L collision

Roman

Elastic scattering | 5.«

(black dashed)

« Two position-sensitive sampling

calorimeters
« TS (small tower): 20mm x 20mm
« TL (large tower): 40mm x 40mm

 Tungsten absorber (44 Xor 1.6 }\'int>

« 16 GSO sampling layers

o 4 XY pairs of GSO-bar position
layers
May 17, 2022

RHICf ZDC
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RHICf at STAR in 2017

e 10 asymmetry
« Phys. Rev. Lett. 124, 252501 (2020)

« Comparison with high p-> 0.5 GeV/c data of the past
experiments

 Nearly the same large asymmetry is reached at low p
< 0.2GeV/c :

« Contribution of other mechanisms, diffraction and
resonance, may provide a hint to the mystery

0.2
- pl+p - nf+X
- ® FNAL
0.151- l u PHENIX} high p,
N v A sTAR
N } l v i
0.1 l M i A } RHICf 0.19 GeV/c < p;
: T
0.05]- 3 # ‘ = B RHICf 0.07 GeV/c < p, < 0.19 GeV/c
- ¢ = 0
L * i*.ﬁ + é
| T s ST S + ------------ @  RHICf p, < 0.07 GeV/c

O 1
(@)
—
o
N
(@]
w
of
L
(@)
(@) ]
(@)
(0))
(&)
N
(@)
(00)
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RHICf at STAR in 2017

Other analyses ongoing
« 19 & neutron cross section analysis
« Neutron asymmetry (RHICf + ZDC)
« Combined analysis with STAR detectors

« Event type categorization

« Diffraction + resonance tagging with STAR + RHICf
combined data analysis

« Event type, multiplicity (FMS) dependence of cross
section & asymmetry to be obtained

Dipole
Beam pipe STAR
18m - Beam particle
multiplicit (black solid)
al 1
articles TCO
p RHICE]|  zDC |
Neutron

-~
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{p,) [GeV/c]

0.25
n A STAR 500 GeV, 2.7 < 1 < 4.0, This Paper
= &  STAR200GeV, 2.7 <n<4.0, This Paper
0'2:_ b STAR200 GeV, () = 3.7
= &  STAR200GeV, (=33
0157 ¢  RHICt510GeV.n>6 .
C 4 PHENIX 62.4 GeV,3.1<n<3.8 [} i
01— il E704 19.4 GeV &
— l v I\ [i L
- gt % A :
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Xg

e s =200 GeV & 500 GeV
« Forward n%, 2.7 <n < 4.0

New STAR results
e Phys.Rev.D 103 (2021) 092009

« Asymmetries for the isolated =¥ are larger than these

for the non-isolated r®

« Possible explanation is that a significant part of the
isolated n® are from diffractive processes
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p,) [GeV/c]

New STAR results
e Phys.Rev.D 103 (2021) 092009

« Small EM-jet asymmetry, consistent with AnDY result

* Zem:EnO/E

jet

« Hadron in jet Collins asymmetries small
« Cancellation of the Collins effect of the u/d quark?

— STAR p'+p-»EMdjet+X 4 200 GeV
— Jetalgorithm: anti-k R=0.7 $ 200 GeV Multiplicity>2
4 500 GeV

L d:' =2 GeVic
- 29<n*<38

4 500 GeV Multiplicity>2
- + ADY 500 GeV
— 3.0/3.4% beam pol. scale uncertainty not shown ¢
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RH/ICF-I] proposal

« \We have proposed a second run
for RHICT in 2024 (RHICt-I1)

« RHICT-Il Lol was discussed by
the PAC in 2020.9

e Parasitic beam-time

« We're collaborating with ALICE-
FoCal group to use the FoCal-E
technology

« 3cm x 18cm detector

« Kakenhi-Kiban-A (2021-2024) +
RIKEN budget
 The detector have enough

radiation hardness to work for a
small B* and normal luminosity

100 rossin

-100
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- 18.0m from

—C a
- Detector po

IP

g ng {half) 001

sitfon: 24.0 mm

S0 e h

B0 ey ;




RHICF-Il Collaboration

. Goto, |. Nakagawa, R. Seidl (RIKEN)

. Hong, M.H. Kim (Korea Univ.)

. Tanida (JAEA)

Chujo (Tsukuba Univ.) « New

Itow, H. Menjo (Nagoya Univ.)

Sako (ICRR, Univ. of Tokyo)

. Kasahara (Shibaura Tech.)

. Adriani, L. Bonechi, R. D'Alessandro (INFN Firenze)
Tricomi (INFN Catania)

>0 X -4 <-4 xw<

 New collaborators expected or under discussion from:
e Sejong Univ.
e Univ. of Kansas
« Nara Women’s Univ. and EIC Japan group

Cooperation from FoCal collaboration
« ORNL

May 17, 2022
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New topics at RHICT-/]

« KV and A measurement
e Spectrum and cross section
 Asymmetry

« A-dependence of the n® asymmetry
« Correlation between asymmetries of forward neutron and ="

« Strong A-dependence of the neutron asymmetry measured
at PHENIX in Run 15

04_ Lr = e

- Phys. Rev. Lett. 120, 022001 (2018) PHENIX o A
B + | ZDC® -tag
+ UPCvs hadronic component TS 4 meeme

3% scale uncertainty not shown
A
02—
= L ®

p Al Au
0 . -
A
L [ |
| 1 1 1 1 ‘ 1 1 1 1 ‘ 1
0 100 200

A (atomic mass number)



ALICE FoCal-E

e Led by Tsukuba Univ. group
 Tungsten absorber

 Low granularity (LG) silicon pad for energy
measurement
e o/ E=25%/E (GeV) ® 2% for photon energy
résolution (simulation)

. |§ éranulaﬂty (HG) silicon pixel (CMOS-
for accurate position measurement

Longitudinal segmentation
2 3 4 5

-
-
- - .

absorber LG layer
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ALICE FoCal-E for RHICF-II

e Space restriction at RHICf

Pad layer

e Lead by Tsukuba Univ. group

« Readout electronics based on HGCROC ASIC (CMS) working with
Grenoble group leading the development

Pixel layer
« Lead by European group
Trigger
« Rare trigger for asymmetry measurement
« Shower trigger for cross section measurement

DAQ _

« Standalone ALICE DAQ
« Event correspondence with STAR DAQ
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New topics at RHICT-/]

 p + A collisions

e Measurement of nuclear effect

(p+A / p+p)

« Strong A-dependence of the

neutron asymmetry

« Measured at PHENIX in Run 15
* Phys. Rev. Lett. 120, 022001

(2018)

« UPC vs hadronic component
« A-dependence of the !

asymmetry

« Correlation between asymmetries
of forward neutron and =

 p + Oxygen collision

« Ideal condition for cosmic-ray
interaction studies measuring v,
neutron, photon, K%

0.4

I p'+A — n+X at \/s =200 GeV
| X¢>0.5,03<6<22mrad

PHENIX ® ZDC inclusive

B ZDC®BBC-tag

A 7ZDC®BBC-veto

3% scale uncertainty not shown

A

p Al Au
A ¢ v
S
| 1 | | 1 ‘ 1 1 1 1 | 1
0 100 200

A (atomic mass number)




New topics at RHICT-/]

L RHICT

- Large acceptance detector 0 G
« 8cm x 18cm o *
« For more particles: K’ and A

* K9 — 2n% — 4y (B.R. 30.7%) b=

« 0.2 KO /sec = 10% KOs in 14 hours operation”

cA->n+n’—>n+ 2y (B.R. 35.9%)
e« 12 A /sec = 10° As in 2.5 hours operation

« Geometric acceptance of n?, K% and A

0
0 Ks A
— At T —

P, [GeVic]

o o o
B (o] o Y
| L | L | L

o
[
T T T [ T 11

% 20 40 60 80 100 © 20 40 60 80 100 ° 20 40 60 80 100 °
Enerqgy [GeV] Energy [GeV] Enerqgy [GeV]
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New topics at RHICT-/]

KO for studying impact on the high-energy
atmospheric neutrino flux

« Differences in p+p collisions at 200 GeV between
models: EPOSLHC (magenta), QGSJET I1-4 (blue),
SIBYLL 2.3 (green)

1/0,,,, doldE [1GeV]
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New topics at RHICT-/]

Kaons in atm. v productions

lceCube detected astronomical neutrinos.

Slide by
Better understanding of background H. Menjo
(Atmospheric neutrinos) is required.

Breray Threshold 6 years (ICRC 2017)
-I Background Atmospheric Muon Flux .
I Bkg. Atmospheric Neutrinos (r/K) Atmosph erIC V ﬂux
Background Uncertainties IJ
10° b | — Atmospheric Neutrinos (90% CL Charm Limit)|{ = twl other prompt  —— K: gu — A — pdecay

, . Data -- :E:: ;c:;\:;pr : :thercunv. : :: : . unflavored T

§‘ ' IceCube Preliminary I o

o] 'L 10_1 - vy + 'IJp -

2ol e Kaon

j . [&) F 3

s R D mesons+

s ) ]

Ii 100 RN T T T Py .

Ty
10
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lceCube, ICRC2017
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New topics at RHICT-/]

« Asymmetry measurement of K% and A

« Expected statistical uncertainty of asymmetry

measurements for n% K%, and A compared to the
RHICf (Run 17) =°

Assuming the similar luminosity
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