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Summary of Present Activities

Heavy-ion collision experiments from
intermediate to ultra-relativistic beam energies
Vsyny= 5.5 TeV : CMS at LHC/CERN
VSyn = 200 GeV : PHENIX at RHIC/BNL
E,... <2A GeV : FOPI at SIS18/GSI
E,..,< 30A GeV : CBM at SIS300/GSI (future)

Detector R&D and Applications
Muon Trigger RPCs for CMS and PHENIX
ToF RPCs for FOPIl and CBM
Thermal Neutron Detectors
Animal PET Development
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CMS at LHC/CERN

Detectors
Construction of endcap RPCs
(More details in the next few pages)
Physics
J/wv and y productions via dimuons

B-meson production via the decayed J/y’s into
dileptons

b-tagging jet production
(To be presented later in this talk)

December 14, 2007 Heavy lon Meeting



KOREA

UNIVERSITY

CMS Endcap RPCs

The nuclear & high-energy physics groups of Korea University have been active
for the CMS(Compact Muon Solenoid) Collaboration of LHC at CERN since 1997.

TRACKER
%&%‘fﬂﬂﬂ?ﬂ Austria, Belgium, CERN, Finland, France,

Austria, CERM, Finland, France, Greece, Germany, lialy. Japan®, Swhzertand, EKR]‘UFS%AL ECAL
Hungary, Italy, Korea, Poland,

Portugal, Switzeriand, UK, L.I Belarus, CERMN, China, Croatia, Cyprus, France, Italy, Japan®,

Portugal, Russia, Switzerland, UK, USA
N
RETURN YOKE :

Barrel: Czech Rep., Estonia, Germany, Greece, Russia
Endcap: Japan®, LS4

PRESHOWER

Armenia, Belarus, CERN, Greece,
India, Russia, Taiwan (PC),
Uzbekistan

SUPERCONDUCTING
MAGNET

All countries in CMS contribute
to Magnet financing in particular:
Finland, France, Italy, Japan®,
Korea, Switzerland, USA

¥ . FORWARD
; CALORIMETER
Hungary, Iran, Russia, Turkey, USA

HCAL

Barred: Bulgaria, India, Spain®, USA MUON CHAMBERS
Total weight : 12500 T Endeap: Belares, Bulgaria, Russia, Ukraine Barrel: Austria, Bulgaria, CERM, China,
Overall diameter : 15.0 m HO: India Germany, Hungary, Rtaly, Spain,

Overall length 215 m Endrap: Belarus, Bulgaria, China, * Only thraugh
Magnetic field : 4 Tesla ahiﬁlarl. Russia, USA industrial contracts



CMS Endcap RPCs

RPC’s Mounted on “opposite wall” TOta| Area Of Endcap RPC
Eto divisions projected in canstant R ~1 , 400 m2
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CMS Endcap RPCs

3. By March 2007,

msulator

1. Function : L1 muon triggers

. . bakehte “‘*— graphite coating
4 stations (RE1, RE2, RE3, RE4) I — A

Pseudo rapidity coverage : +_ﬁ —i>
0.9<n <2.1(1.6) Q s . H
n segmentations : 10 (6) —ﬁ

2. Total # of RPCs : 756 (432)
Total # of FEBs : 2,268 (1,296)
Total # of channels : 85,248 (41,472)

the gap production for phase |
(0.9 <n <1.6) was completed for
the first operation of CMS in 2008.
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A Brief Research History

1. Fundamental studies to develop the endcap RPCs (1997~)
1) Beam tests by using high intensity muon beams at CERN
2) Cosmic ray muon tests in Korea
3) Long term aging studies by y’s and neutron beams in Korea

2. Design of double gap RPCs for the endcap region (2000~2003)
1) Gas gap design
2) Services for HV, LV, gas, electronics on the chamber level

3. Manufacturing the production facilities at Korea Univ. (2000~2003)
1) Gap and chamber production facilities

—2) Testing facilities for the quality assurance control

4. Mass production of the endcap RPCs (2004~)
1) Phase | production (0.9 <n <1.6, total 432 gaps) was completed.
2) Phase Il production (1.6 <n <2.1) is expected to start next year.
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Performance of Korean RPCs

Test Results
Characteristics (.:MS the world best
Requirements )
quality
Time Resolution <3ns <1.5ns
Efficiency >95 % > 95 %

Rate Capability

> 1 kHz/cm?

> 1 kHz/cm?

Noise Rate

<15 Hz/cm?

<10 Hz/cm?

Plateau Region

> 300V

>400V

December 14, 2007
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Deceber 14, 2007

Photo taken in Nov. 2006
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PHENIX at RHIC/BNL

Physics
Quarkonium production via dimuon channels
Flow of heavy vector mesons
Feasibility study of measuring chi_c

Detectors

Construction of the muon trackers (CSC)

In collaboration with the high-energy physics group of
Korea University, we will produce all RPC gas gaps for
the muon trigger upgrade. (More details in next pages)

In collaboration with Yonsei, Ewha, and Myungji
Universities, we participate in the NCC upgrade R&D.
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PHENIX RPC Locations
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KQREA lengths in mm

theta in deg.
RPC1a RPC1b RPC2 RPC3

theta

(deg) Radius width radius width radius width width
possible 5280.2

2

34.36 933.2 773.1 1016.8 842.3 4675.4 00 e%
ring 8 strips: ~ E 0 0‘

31.60 strips: 181.4x 12.1 (64) strips: 197.7 x 13.2 (64) o E Q

ring 7 ‘ %
28.84 751.8 622.8 819.1 F ‘\\ ; u .20.3 4991.4 4135.0

ring 6 \ 6 .d.8 (64) strips: 554.2 x 64.6 (64)
26.09 strips: 164.3 x 9.7 (64) strips: 17 & 00 y | 2773.9 4437.2 3675.9
ring 5 > * 6 08:298.9 x48.8 (57) strips: 528.6 x 64.6 (57)
23.33 588.7 487.7 ‘6\ Q 2949.4 24434 3908.6 3238.0
ring 4 e 0 strips: 382.7 x 38.2 (64) strips: 507.1 x 50.6 (64)
20.57 strips: 151.1 x 17 ‘\Q 6 .0 (32) 22566.8 2126.4 3401.5 2817.9
ring 3 00 g0 strips: 369.1 x 38.2 (56) strips: 493.3 x 50.6 (56)
17.81 ’ 0 G «77.9 395.9 2197.7 1820.6 2912.3 2412.7
ring2 (e Q strips: 357.8 x 28.4 (64) strips: 474.2x 37.7 (64)
15.r° o Q strips: 153.6 x 12.4 (32) 1839.8 1524.2 2438.1 2019.8
m—— ring1 * 6 strips: 3548.7 x 28.4 (54) strips: 462.1 x 37.7 (54)
“e m ' 246.6 324.3 268.6 14911 1235.3 1976.1 1637.0
pPOsS) 0\ 1468.4 1926.4
o\‘ split gap: ring 4 and 5 SP"tf?iF:‘: gr;gr’.j ?nd ¢ no split gaps no split gaps

*strip leng  and width consider full acceptance in theta and phi in the octants (i.e. no loss due to readout and boxes)
* strip widths are determined at the outer radius of two paired rings
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PHENIX Schedule

~Feb. 2008
Production of complete half octant (prototype D)

~July 2008

Complete assembly and testing RPC3
2009

Complete the installation of all RPCs
2009-2012

Running at vs =500 GeV

Projected yield of |Ldt~ 950 pb-!

December 14, 2007 Heavy lon Meeting
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FOPI at SIS18

Physics
Nuclear stopping power and radial flow

Phys. Rev. C 66, 034901 (2002); Phys. Rev. Lett. 84, 1120 (2000),
Phys. Rev. C 567, 244 (1998); Nucl. Phys. A 721, 317 (2003)

Beam energy dependence in preparation

Pion production and resonance analysis
Phys. Rev. C 71, 034902 (2005); Phys. Lett. B 407, 115 (1997)

Strangeness production and in-medium effects
Nucl. Phys. A 625, 307 (1997)
Charged kaon flow in preparation

Detectors

Multigap Resistive Plate Chambers for the Time-of-
Flight Detectors

(This is also a part of the CBM ToF detector R&D.)
Upgrade and maintenance of the Central Drift Chamber
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FOPI Detector

|1_m| HELITRON, sTic waLL

BARREL cbe

New 26 RPC super modules were
installed in August 2007, and are
being operated.
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Multi-strip Multi-gap RPC

New MM RPC Time-of-Flight system
e Completed R & D (2000-2005)

6 m? active area and 4800 electronic channels ﬁ Cathode

, Glass —
Gas: C,F,H,/isobutane/SF4 = 85/5/10 =

Time resolution (c,) < 75 ps
Efficiency () > 95 %

MRPC glass stack

Spacers

y

[EEE—
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Multi-strip Multi-gap RPC

9 9|5 . ‘1I‘JOI _ I1l|]5| - |11|0| - |11|5| 200
100 <—100%;180
, /Vif!—! — 95%
Proton Beam 2 AGeV / i 160
0.1 kHziem? ]
80 ) — 80% 1
-140 H
ﬁProton Beam 1.25 AGeV ngh rate R&D for
g 3.5 kHzem? 1120 the CBM collaboration
= e
5900 T 1 £ at FAIR
T F 100ps T 100 &
E i
i 180
40 | 75 ps %. . U P :
i B0 ps D> ——e ——— 1
20 — 40
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Structure Read | Operating

Detector (electrodes) | Out Mode
PlanRPG | (sakelte) | Stps | SeSmer
P?a:-::gé: D(Tol;leifea;p Pad | Streamer
LIE-RPC Double Gap Pad Low Gain
— (glass) Avalanche

Tested with the moderated neutrons
emitted by the 252Cf source at KAERI
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Neutron Sensitive Material

Interesting isotopes are about 30% in natural Gd,O..

Ref.) M. Abbrescia et al., NIMA 533 (2004) 149.

Mass No. %
152 0.2
154 2.2
155 14.8
156 20.5
[157 15.7

158 24.8
160 21.8

December 14, 2007
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Neutron Sensitive Material

n+°Li—a+3H (Q=4.78 MeV, E, = 2.05 MeV, E, =2.73 MeV )

1 x 104

X 2Helnp)

N @ 6Li(n, alpha)

1 x 103

[T] 'BIn, alpha]

$-,1 |~550barnsTs =3
s 1950 barns for 25 me\
I

o
_— | J T | wudd 1 1 | . | e
& 5 | 5 5 | 5 | 5 | 5 5| 5| 5
1% 1072 1x 107" 1 1x 10 1 X 102 1x 108 1 x 10% 1x 108 1x 108 1 x 107
Energy (eV)
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Neutron Sensitive RPCs

/a\ T ‘ B | |7 /-g'\ 3 1 1 | | 1 | | | | 1 | | | 1 1 1 | | | 1 | | | |
< | Double Gap 1€ | LiFRreC 1
“ 0 Th@mv) 50 75 100 19 | o 40mv ]
- Gd A O O i - W S50mV :
151~  Plain . 2 O 65mV n
f 4+ W 9 ] . e 80mV ]
] 1~ —
| ol B
E— I T T T T e
31 32 33 34 35 36 26 27 28 29 30 31
E (kV/cm) E (kV/cm)

Analyzed by Hyun Chul Kim, Ji Hyun Kim, and Rongjiang Hu

December 14, 2007 Heavy lon Meeting 24



Neutron Sensitive Hybrid
Plastic Scintillator Detectors

e Acrylic Supporters

v
110.5
oS
- /
o]
< A
’ /
Reflective “ ‘{
Film (ESR) ||| Gd Layers
. . PMT
Wrapped by Light Guide
Opaque Tape Scintillators Designed and made
by Chong Kim
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Neutron Sensitive Hybrid
Plastic Scintillator Detectors
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=

(n+°B —>{
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Korean Contribution to
the CMS Heavy-lon Program

©) s

December 14, 2007 Heavy lon Meeting

27



Korean CMS Heavy loner’s

Physics Team

/ Korea Univ. \ / Univ. of Seoul \ / Chonbuk Nat’l Univ. \

(quarkonium_and jet) (jet Reco. and y-jet) (?)
Prof. Kwang Souk Sim Prof. Inkyu Park Prof. Eunjoo Kim
Prof. Byungsik Hong Dr. Geunbum Kim
Dr. Gopika Sood Garam Hahn
Dongho Moon K / K /
Jihyun Kim

Hyunchul Kim J

Computing Team

4 Tier2 @ SSCC

Prof. Inkyu Park (Director)
Dr. Jongkwan Woo (Coordinator)
Jinwoo Park (HW), Garam Hahn (SW)
\_ Yusang Kim (Support), Minkyu Choi (Web, Twiki) )
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Summary of Analysis Topics

b-tagging jet analysis (Dr. Gopika Sood)
B-meson production via secondary J/y's (J.H. Kim)

Quarkonium production and muon reconstruction
(D.H. Moon)

Gamma-Jet study (G.R. Hahn)
Jet reconstruction in Heavy lon data (Prof. I.C. Park)
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b-tagging Jet in Heavy lon

Impact parameter tag

Motivation

b-tagging jet: CP violation, Higgs search ,§ 1042
Important for the heavy quark production and g F
guenching in heavy-ion collisions é v

Method 3 102?
Large impact parameter due to wider jet shape ol
Probability lifetime tagging method, etc. y

Results =

Dr. G. Sood (Korea Univ.) | . bjes

E o cjets
> ; 187 light jets
8 1 = g mu -E i%.
— g . ] * %
9 : " . 10'2— :l:}) &)%00@9%& &@ Fa
e [ et
o OF N e S ore
a - . 10'30‘“'01"‘az'"as,"5’4“65"ba“a;“b‘s‘“&?w
< i (pp collisions) P,
Z =~ l l l l l l l l l — In H M
e X B B SR YA TR K A T =1I- Z( ) : H o
Meeting

b-jet efficiency
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Quarkonium Production

Motivation

Quarkonium production (Y and J/y families)
Stepwise suppression in QGP?

Methods
Effect of the L1/L2/L3 dimuon trigger

D.H. Moon (Ph.D. student, Korea Univ.)

[H.Satz, hep-ph/0512217]

0 i scasassovovsacincossss s enhanced
. @ % o9 °
regeneration ? sl e s
0.7 - o 9 .jv ;v"’?.
Q-' b Q@ 9O V¥
050 - + LHC
ozs| & FoPbPS enhanced
= AU_Au, RHIC, Iyi(1 2.2.2] suppression ?
,l : . ; L .; ;;1 L 1 e cmsmccamsnn 1 L 1 J
c(Gevim ') 30
> N >

Energy density (GeV/fm?)
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B-meson Production

Motivation

Heavy flavor production and radiative quark
energy loss in medium

Goal
B meson reconstruction via secondary J/y’s .
. B—=J/Y¥Y(—uuw)
Measure the yields and E/pT spectra PP T I R A M B
. . o B PbPb, no energy loss ]
J.H. Kim (Ph.D. student, Korea Univ.) 3 [ [ 5 PoPb. PYQUEN encrgy loss 1
© L _
; 245_ Open histogram 252 events H_’; S -
B =3 haded histogram 113 Hlents % ’
3 z | 7
18- S THLL
16
= HI PTDR Fig. 6.13
12%_ 10° : py distribution of
e 10E- Secondary J/¥
e dimuons
ﬁz_ co e P P P Py By as
| 10 12 14 16 18 20 22 24
o pr, GeVic
S R B R R :*l._lalin E
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Gamma-jet Analysis

Motivation
jet guenching found at RHIC
Mono jet at LHC?
photons will not be influenced by partonic matter
Provides the reference of the jet quenching systematics
Service works
Jet algorithm implementation
Jet performance benchmark
Jet Pt distribution, multiplicity
Goal
Definition of direct photons
Reconstruction of jet and gamma-jet events
G.R. Hahn and Inkyu Park (Univ. of Seoul)

December 14, 2007 Heavy lon Meeting
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Gamma-jet Analysis Flow Chart

Test Samples

Physics

» Jet En

* Frag. Funcs
g, transvers

* Jet Inv. Mass

[ y-Jet
Generator Level -QYCD Jet CMSSW/Sim/Reco
*Hydjet
“ N
Setup Generators Detector Centrality
Pythia || Pyquen | | NLO New Quenching Models S'\r/znﬁéf[gn
Estimate RateS, Backgrovads T:ackling t
y N\  Implemen
Estirréte y-Jet purity vs py ) ~Test
@4’ Generator Level Physics Sample /
Full Statistics Dataset :
Analysis Vertexmb\
|

ﬁ\

Ecal Reco
y—Isolation

* pp iso. Code
«Adapt 2 PbPb
simprove

Jet Reco
*Test
Improve

Full Simulation Package

Studies

ergy proflles

Detector Simulated Physics Sample
Selected Events from
Full Statistics Dataset

YN

L

Full Reconstruction Package
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Results so far

—

| Pythia Et Distribution of J

ets
T

5. — e
Directory: /pnfs/cmsaf.../../gammajets/ 00 1 [
Files: pythia, pythia_mixed, pyquen, pyquen mixed - 1L rrJ H"JM %%
e \ CMSSW a0 | I@J Lﬁ *
“particles” processed 2000 ﬂ'J Li{
4 Ve 00_‘"'50""100""150”“2;10
CreateCaloComp “CaloJlets” E; [GeV]
‘Pythia E_ Resolution|
— — — — - S Y R S e
\An—0.087 Ad = 0.044 ) \R—0.5, Seed=2, Th=10 ) bl 5 e
( i \ ( \ o : 4 E™seed(10GeV)
IterativeCone Cut (Th=30) 2 ¥
S Sied=2’5’10 Matching < 0.2 I .
Th=30 JAN Yy 1 .
C GenCaloJets ) ( RecCaloJets ) I ]
% B0 100 150 200
\Gompaa:e/ ESEN [GeV]
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Summary

(Partl)

Presently, very active research programs are
progressing both in relativistic heavy-ion
collisions and the detector developments in the
nuclear physics group of Korea University.

(Part Il)

Presently, very active analysis programs for heavy-
ion collisions and the RPC construction project
by Koreans are progressing in CMS.
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