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T Outline of LHCF@RHIC
“RHICf” pr posal
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« Measurement of neutral particles (i.e. v, n°, n) at very forward
with a position-sensitive small EM calorimeter.

 |nstall one of LHCf calorimeter in front of ZDC of either
Phoenix or STAR IRs.

* Not a permanent detector. The detector will be supported by
remotely-controlled manipulator to be inserted/retracted
occasionally.

« 500GeV pTp, 200GeV pTp and 200GeV/n pN. Short time
dedicated run (~a week) to prevent possible interference with
ZDC.
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RHICf experimental setup

DX magnet

LHCf calorimeter

Existing ZDC

Manipulator
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The LHCTf detector (Arm1)

® A pair of cal with very small aperture
® Position sensitive EM calorimeter
® Clear rt° reconstruction

16 tungsten + GSO scinti. layers
20mmx20mm+40mmx40mm
4 1mm GSO hodoscope layers

Arm#1 Detector
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| Energy Resolution |

10

Resolution[%]

Detector performance

12

Energy| E'y resolution

O

E

313
=2299 2.8
\E

Events

0 20

Number of event

40

60 80 100 120 140 160 180

100

Injected enel 20%(Gev)

200 GeV electrons

1000

800

600

400

200

i

|

' 0,=172 um

Position resolution

1

\

For hadron, ~2.5 mm

| SO T PO
1 05 0_05 1 15 2

X~POS mm

RHIC PAC @ 11Jun 2013

Energy Deposit in LHCf+ZDC
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Detector acceptance
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Motivation 1: cosmic ray interactions
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® Need dedicated very forward measurement at hadron colliders

® So far LHCf measured pp (7, 2.76, 0.9 TeV) and p-Pb(5TeV/n)

® RHIC data at the low end is important for extrapolation to 1020eV
® RHIC can serve p-LI or LI-LI collisions ( LI: light ion, ex, Nitrogen).
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LHCf single vy spectra at 7TeV and 900GeV
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X scaling : a key for extrapolation

LHC single gamma data Expected from models
(900GeV pp / 7TeV pp) (5TeV, 14TeV and 50TeV)
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DPMJET3 7TeV p-p photon
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L | RHICf 500GeV

Similar phase space to
LHCf 7TeV
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Er® and En (200 GeV p-p / p-N)

| Neutron Energy Spectrum |

| n° Energy Spectrum |
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Motivation 2: Spin asymmetry Ay
for very forward neutron production

Y. Fukao et al., Phys. Lett. B650, 325-330 (2007). [hep-ex/0610030].

Polarized pTp at 62, 200 500 GeV
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Expected pT resolution
(w/ ZDC, 20% AE, _ )
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RHICf running scenario

« 500 GeV pTp
— Eor=~10"%eV
— A\ of forward neutrons
« 200 GeV pTp and 200 GeV/n pN runs

— Nuclear effects (N can be C, O, or other LI)
— A of forward neutrons

« One data set (10° events) requires a few hour
data taking. Repeat for several different settings
( different pT coverage, PMT HV, etc..)

For Ay measurement, higher trigger threshold runs
are being considered to enhance data taking rate

for the region of interest (i.e. X>0.4) i’
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Request for machine parameters, trigger, etc.
(RHICT point of view)

* Good Ap; needs precise “0Odegree” determination.
Need large 3* >10m with good emittance
(<20mmrad) to obtain <1mm accuracy of “0 degree”
at the detector.

DX magnet arrangement for p-A needs to realize that
“0-degree” at the center of LHCf small calorimeter.

» Current DAQ for GSO tracker requires 2us interval for
shaping time. 6-bunches operation is preferable. But we
can cope with ~100 bunches by rejecting overlapped
events.

* Current DAQ rate is limited by 1kHz. A few hundreds Hz
trigger rate is preferable.

* Needs any beam-synchronized signals for DAQ.
Common data taking w/ ZDC or BBC.

15



Y.ltow, LHCf@ RHIC

RHIC PAC @ 11Jun 2013

RHICTt preferable parameters in LOI
(To give “1kHZ" trigger rate)

p-p p-p p-N (p-side)
500GeV | 200GeV 200GeV
RHICf acceptance 3.2e-2 5.9e-4 4.5e-4
Beam emittance (mm rad) 20 <20 <20
Beta®™ (m) 10 >10 >10
|:> Number of bunches 6 6 6
Expct’d Lumiosity (10*°cm=s-') |0.63 42 6.7
|:> RHICf event rate(Hz) 1000 1000 1000
Events per bunch xing 0.065 3.6 4.7
Number of collisions(required) |0.31e8 17e8 22e8
Integrated luminosity (nb-1) 0.63 42 6.7
Total time (sec)(*) 1000 1000 1000

4 0

(*)DAQ deadtime (0.64) not included here

\¥J
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For standard beam parameters
(cope with "RHIC Collider Projections”)

p-pT p-pT p-N (p-side)
500GeV 200GeV 200GeV
RHICf acceptance 3.2e-2 5.9e-4 4.5e-4
Beam emittance (mm rad) 20 <20 <20
Beta® (m) 10 >10 >10
Number of bunches 6 100 100
Expct’'d Lumiosity (10°%cm=2s1) | 0.62 3.0 0.5
RHICf event rate(Hz) 1000 71 74
Events per bunch xing 0.065 0.015 0.021
Events overlap in 2us n/a 1.8e-4 1.9e-4
Number of collisions(required) |0.31e8 17e8 22e8
Integrated luminosity (nb-1) 0.63 42 6.7
Total time (hour) 0.77(%) 4.3 4.1 17

(*)DAQ deadtime (0.64) considered here
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Schedule

« LHC 13 TeV preparation / run is scheduled
at the end of 2014 ~ early 2015.

 RHICf likes to run after LHC 13TeV runs,
l.e. late 2015 due to limitation of detector/
budget / man power. But it should depend
on LHC situation and we should be flexible.

* The detector can be modified/optimized for
lower energy once after LHC13TeV
finishes.

18
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Summary

 RHICf :Measurement of neutral particle productions
(i.e. v, m0, n) at very forward with a position-
sensitive small EM calorimeter.
— Reuse of existing LHCf detector, installed in front of ZDC.

— Important calibration of cosmic ray MC (E-g~10"*eV) and
first check of nuclear effect in LI.

— New study of forward neutron Ay w/ fine p; resolution

« 500GeV pTp, 200GeV pTp and 200GeV/n pN.
Short time dedicated run (~ a week).
— Requested beam parameters should be flexible .
— Further discussion with experts on DX magnet for p-A.

* Decision of IR, organization, collaboration w/

existing experiments will be fixed with further
discussions. 19
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Backup

20
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Other logistics to be considered

 |Location for DAQ electronics should be fixed.
Depending on a hosting experiment, cabling,
radiation issues.

» So far the standalone DAQ system used in LHCf
is considered. Newly development of DAQ
integrated to a hosting experiment can be an
option.

* |P location, a hosting experiment will be
determined by further discussion for possible
enhancement of physics case.

21



Y.ltow, LHCf@ RHIC | Mass reconstruction |

c x10° i
O 2 *E | e DPMJETS true
RHICT 5OOGeVpp TUY £ 75 RHIC I oPwITs s
-] [ LR EEE JET2 true
= 18 500Gevpp {|  —— QGSJIET2 resolution
€ 2.5 16— i
£ Acceptance for w0 N H
2 F HIC Coverage (50mm/20m) f 5
"5 - 1o§— [:1]
O s No acceptance for 7t © o
£ at 900GeV oE -
g 1 A :
21— ;
.5 ) SR :LLII
. 0 50 100 150 200 250 mYY[Me\?}?O
00 200 400 600 800 +1nnQ 141200 1400 1ﬂ600 1800 »nng

1 n° Energy (G ) 2rgy spectrum |

o

En’(TeV) T
§ P DPMJET3 true
o LHCF (s=7TeV ‘0‘ ] g ERHICf DPMJET3 resolution
1 = T = S35 FRANC e/ ny | MF L2 ..
: 02<y<94 § 8>k 500GeVpp y QGSJET2 true

3 QGSJET2 resolution

J Ldt=2.53+1.90nb ™

LHCf *
TTeVpp ’

=
e
[N

1/o, . Ed®o/dp® [GeV2c?]

1021 2% Data 2010 - e
- DPMJET 3.04 . '
IR QGSJET I1-03 - i :
10%-  SIBYLL2.1 - .
- 1 = 05
- EPOS 1.99 : e
: - L ] R S A = SR N S T S AR S W s B B L™
) ‘PYTH'A‘S'MS ‘ ‘ I % 50 100 150 200 250 300
- l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 E G V
10%, 01 02 03 04 05 06 nergy[Gevi

p, [GeVic] ETCO(GGV)



Ylt(\ul | Hf i~ DHIT
""| Energy Spectrum (Photon,p>0.5GeV/c) |

102

Events/Collision

[EnY
<
w

10*

[EEN
Q
[

[EEN
Q
&

o_llllllll I ||||||I| I ||||||I| I ||||||I| T 1111

—P-p
— p-N b<2.5fm

— p-N b>2.5fm

10 20 30 40 50 60
| Energy Spectrum (Neutron,p>0.5GeV/c) |

| I i
70 80 90 100

Femvan AN

102

Events/Collision

103

10*

10°

—Pp-p
— p-N b<2.5fm
— p-N b>2.5fm

o
'_\
o
N
o
w
o
N
o
a
o
(o]
o

70 80 90 100
Energy[GeV]

RHIC PAC @ 11Jun 2013

Impact parameter “b”
dependence
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Y.ltow, LHCf@ RHIC
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Where is zero degree at RHICT ?
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"RHICT" : n acceptance for 100GeV/n d-N MC
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Raw eneray speotra 500GeV pp
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1) Inelastic cross section

Secondary If large &

rapid development
If small 6

deep penetrating
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@ Forward energy spectrum

If softer
shallow development
If harder
Tt f, deep penetrating
Lol @ Inelasticity k= 1-pi..a/Prcam

If large k
(n%s carry more energy)
rapid development
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( baryons carry more energy)
deep penetrating

ha : Muon detectors
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The LHCf experiment
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Xe spectra for single v:
900GeV/ 7TeV comparison
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RHIC PAC @ 11Jun 2013
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® Comparing X for common P+ region at two collision energies.
® | ess root-s dependence of P for X¢ ?
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LHCf it° P+ spectra at 7TeV
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Nuclear effects for very forward region

« Air showers take place via p-N or Fe-N collisions !
— Nuclear shadowing, final state interaction, gluon saturations
— Nuclear modification factor at 0 degree may be large.

Phys. Rev. Lett. 97 (2006) 152302
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Event sample (w° > 2v)

Longitudinal development measured by scintillator layers
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Forward production spectra vs Shower curve

: i it 17 : : .
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