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1. Introduction: Forward RPC system for CMS
- RPCs System for the Compact Muon Solenoid
- Collaboration works for Forward RPC system of CMS

2. Completion of the Forward RPC System
- Current condition for the endcap-RPCtrigger
- Upscope plans
- R&Ds for RE1/1

3. Collaboration for the Forward RPC upgrades

4. Schedule and milestones
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1. Introduction: Forward RPCs for CMS

RPCs System for the Compact Muon Solenoid

- Detectors to select muon candidates for the CMS experiment
31 Nations, 150 Institutions, 1870 Scientists

TRACKER
Gaseous TRICER & DATA TRACORE i o i
Austria, CERN, Finland, France, Greece, Germany, Italy, Japan®, Swizerand, gKR gﬂ-

Hungary, Rtaly, Korea, Poland,

Detectors Pon, Swtzond. UK. USA
in CMS

Belarus, CERN, China, Croatia, Cyprus, France, italy, Japan®,
Portugal, Russia, Switzerland, UK, USA

PRESHOWER

Armenia, Belarus, CERN, Greece.
India, Russia, Tawan (PC),
Uzbekistan

Trackers:

Drift Tubes ——
(Barrels) Barek recn fop Esona, Gemory. Geece, s
= S
Al countries in CMS contribute

10 Magnat financing in particutar:
(Forwa rds) Finland, France, Raly, Jopon®, ~ FORWARD

Korea, Switzertand, USA .~ CALORIMETER
Hungary, Iran, Russia, Turkey, USA
HCAL

Trlggers : Total weight t 12500 T mmﬁs‘lmjt?‘;;ﬁfuumm ggVIGONAEW'a Buigaria, CERN, Chine,
RPCs

Overall diameter : 150 m HO: India Germany, Mungary, Raly, Spain,

Endcap: Belarus, Buigana, China, * Ondy through
Kocea, Pakistan, Russia, USA industrial contracts

Drift Tubes
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CMS RPCs, gas detectors in avalanche mode:
Fast time response (~ 10 ns) and resolution (~ 1 ns)

= Suitable for tagging particles every 25 ns for LHC collisions
Thin panel detector structure of RPCs

4T ®
= Designed to provide L1 trigger information
to trackers via PACT

Muon system

- Tracking : Drift Tubes + Cathode Strip Chambers
- Trigger : Resistive Plate Chambers
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» RPCs System for the Compact Muon Solenoid (CMS/TDR LHCC/CERN 97-32)
- RPCs in Barrel + Forwards cover n< 2.1
- The angular coverage ~3 1r

» Barrel RPCs » Forward RPCs
- 6 stations (layers) - 2 wings (RE+, RE-)
- Fully coveringup ton =0. - 4 stations (RE1, RE2, RE3, RE4) in each wing
- Partially coveringupton =~1.2 - Covering 0.92 <n<2.1
_ 3 stations of Forward RPCs inn <1.6
RPCsinn <1.6 prepared for the first CMS/LHC run
‘ ) Ll MB/1/4
L (|p|+pL) Ik Barrel =
=g — > MB/1/3
2 A= Re43]|RER] | [REZ3][REIBHSS —
E> _ 4 \\ MB/1/2
p—c M= —In|tan 9 1B = - o YB/171
. RE4/2 || RE3/2 [RE2/2][RE12 o > N mMe/1/1 |
n= s ! AN
Nn=0.88 \\\:\\::\\\\ CRYOSTAT
0=90° P g T : B
0=45° o R = RE2/1 ; e b =y \\1:52 \
6=e1=%°_>n=°; _ o ; S \‘\:‘1:;3 092<T|<16
Full construction of RPCs - = 16<n<2.1
as described in CMS TDR LiM. June 10. 2017 —




CMS RPCs: 2-gap RPCs

dn = nndx

n=n..e

The avalanche mode for RPCs lies near the end of the
proportional mode (just below nx ~ 20)
— ‘Limited proportional mode’

Thickness of each electrode : 2 mm

Anode readout by placing the strip panel at the GND side

Freon based gas mixture :
96.0% C,H,F, +3.5% i-C4Hqp ( + 0.5% for SF¢)

Digitization of the pulse for the time information and to select

the meaningful muon track from the hit pattern.

j"‘ initial
ionization cluster

gL
(BE)

dx,}

<q,>= Zq“uke'”’(“”)

-1]

Important Characteristics
Time resol. ~ 1 ns for MIP
. =959% for
Efficiency MIP
Rate
- 2
capability 2 kHz/em
Noiserate >5 Hz/em?
Resistivity of 0
HPLs 10**Qhmcm
Strip
multiplicity | 173

*n, : initial size of clusters(electrons)
*n :size of of clusters(electrons)
*n =a-: effective Townsend coefficient
*B : attachment coefficient
* E : effective field
* P gas pressure
+ A, B : constants in Korff's approximation
* g, - induced charge at signal pick-up strip
* i : avarage initial size of clusters
* g, - electron’s charge
«d : gap width
*M : gain fluctuation factor
k = (¢, d/s)/ (¢, d/s+2)
*A : average cluster density



Collaboration works for the Forward RPCs

Korea, Belgium, CERN, China, India, Italy, Pakistan, Poland, Russia ...
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Installation of RE1/3
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2. Completion of the Forward RPC System

» Why do we have to fully construct the endcap RPC system ?
- The CMS was design to optimize detection of the muons from Higgs.
- Only 3 RPC stations in 1.6 < n.

- Thereis NO RPC muon triggerin 1.6 < p<2.1.
- The current muon trigger efficiency in 1.6 < n< 2.1 ~ 70 % with the

current system without high-n RPCs.
Inl<2.1in CMS TDR

In| < 1.6 in 2008
. <1.2 0.8< <24
» What we plan to do until the ™ o Il cse Il e

[To] Its Is Is

first shutdown of the LHC ? § I ¥ 3

- Planning the full construction 2| tocal trigger local trigger T

5 track segments track segments

of the endcap RPC system, as > (0, 80,1, 1) (0, 8, 1, 51) °°{‘r‘il;ag':r‘°’

. . (&)

described in the CMS muon TDR * ~ { ﬁbageh

0 <4 endcap
- 4 regional trigger regional trigger muon candidates
(L.HC(? 97 32).- o § Barrel Track Finder Endcap Track Finder (pt, M. 0, quality)
- First, installation of the missing 2 | <4 muon candidates | | <4 muon candidates
RE4in |n] < 1.6 E| (e 0 qualiy) Py, M. ¢, quality)
et S i l

[=2]
-§ Global Muon Trigger
§ <4 muons
8 (Py. M, ¢, quality)

'

FiM. June 10. 20171



» Barrel RPCs

- 6 stations (layers)
- Fully coveringup ton =0.
- Partially coveringupton =~ 1.2

RPCsinn<1.6

Eta=0.92

2"

N

RE4/3 ]| RE3/3
RE4/2 || RE3/2
RE3/L |

[RE2/3

[RE2/2

RE2/1

Full construction of RPCs
as described in CMS TDR

» Forward RPCs

~

~

2 wings (RE+, RE-)

- 4 stations (RE1, RE2, RE3, RE4) in each wing

Covering 0.92 <n <2.1

3 stations of Forward RPCs in n <1.6
prepared for the first CMS/LHC run

[l MB/1/4
Barrel [=
MB/1/3
RE1/3 \\ YB/1/2
N\
- N\ MB/1/2
7 e \‘ YB/1/1
REL/2 N MB/1/1

CRYOSTAT

. 99

; RE1/1 o
n ; S \\::;3 092<1‘|<16
—2322 1
1.6<n<2.1
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Trigger efficiency in the
original design of the CMS
Muon TDR (W. Smith)

Single-muon
trigger € vs. n

4

3-Station CSC Trigger

Efficiency

Efficiency to find
muon of any pin
flat pr =3-100 GeV
sample

Requiring the RE1/1 trigger to
enhance the efficiency in
1.6<|n|<2.1

Efflcanoy (3]

Efficiency / %

- L ! ! !
100 ; e gty
W : :
o _i .1€=96.9 % .
B i I | i
= = i ' s
- -.DTBX L i i
40_ .11'.. I""““""-“""1“""""""“""""1"" I —
- | o II : i ;
e L
- : - | |
- i o i i
c ] | 1 -'"‘J 1 II. 1 | 1 1 | 1 1 1
| 05 1 L5 2 15
Tgen [unlts}
100
80
60 : :
40 .. ....................
CSC + RPC Trigger
s J gt CSC (with ME4 )+ RPC confirm
20 3-sta. CSC standalone (with ME4) -
3-sta. CSC standalone (no MES)
q. I 1:3 1:9 I 2 2.1 22
M gen

FiM. June 10. 20171



RE1/1 RPCs for high-n triggers

> 72 RE1/1 RPCs at YE1 .

- High priority among RPCs in 1.6 <n< 2.1

- Advantage of RE1/1 : RPCs closest to
pp collision vertex with presence of
strong magnetic fields.

- Expect an effective rejection of the
beam-related backgrounds (Gammas,
neutrons, charged pions...) for the muon
triggers.

Have to insert trigger
detectors in the CMS
end-cap noses

T}

LT
8]

I
8]

A LD 0 1T T T L,

4

w@urﬁ SCIEcIENAIl

]
o

Insert via rails

Pt

HIM. Jume 16, 2611 7



1) Standard 2-gap phenolic RPC: first six RE1/1 RPCs in CMS

Phenolic plate (~101°Qcm) instead of glass (~103Qcm)
Expected maximum rate : 300 ~ 400 Hz/cm? @ L = 103* cm? s
1. Standard procedure for the detector manufacture

2. Cosmic ray test for the detector quality assurance

FiM. June 10. 20171



First 2-gap RE1/1
Detector at ISR

Configuration of 6 RE1/1 RPCs
in a 60 degree sector

Covered by shielding box FEB flat cable layout Signal cable layout

0.3
Currents of upper gaps (low-eta section)
02 r Efficiency
& 100 E
0.1 = F L
g e0- -
o F ' ® :RE1/
=z 0 - . O sof
< Currents of upper gaps (high-eta section) = E I/ v :RE1/2
2 (NS by
o 02 ()=
_____ £ E
2 0.1 60 E
E 50 g
O i g
Currents of lower gaps 401
0.2 E
30
01 20 E
0 MLLLLL 88 89 9o o1 02 63 94 05 06

1 2 3 4 5 6 7 8 9 10 H\}(kV)
Gap numbers 15
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4 RE1/1 RPC module
installed in the CMS
nose-cone (2009)

+X

v

*Final result : Chamber 1.2,5.6 is OK
*Chamber 3.4 were rejected because of high and

unstable current of bottom gap

1y

une 10, 2011
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2) Multi-gap phenolic RPCs for RE1/1

HPL based 6-gap & 4-gap RPCs

Smaller detector pulses
- Higher rate capability at RE1/1 of CMS

- Better radiation hardness

16.0mm

Aiming for higher—rate trigger to enhance
the future CMS/LHC trigger condition
Maximum rate expected ~ 2 kHz/cm?

@ L ~ 103 Hz/cm?

Edge spacer

‘«:— 7.5mm

6-gap RPC

PET twolayers
~ 0.40 mm

Graphite ~ HPL~10mm ’<7 25mm

A

Strips with 20 mm pitches

2-gap RPC 4-gap RPC 6-gap RPC
Thickness of each gap 2.0mm 1.0 mm 0.65 mm
Total thickness of gap in RPC 4.0 mm 4.0 mm 4.0 mm
<g,> in a working plateau 25~50pC 1.3~2.0pC 0.6 ~1.0pC
Typical threshold ~200fC ~ 150 fC ~100fC
Resistivity of resistive plates 1~6x10°Qcm 1~6x10°Qcm ~1x 10" Qcm
Maximum rate capability < 2 kHz/cm? ~ 3 kHz/cm? ~ 5 kHz/cm?

FiM. June 10. 20171
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Rate capability of RPCs ~ 1/<q>
~1/p
Time resolution
o~ 1/d, d: thickness of each micro-gap

ForCMS RPCs,d=2 mm — o~ 500 ps
Ford=0.2mm — o~ 50 ps

ALICE TOF RPCs (glass)

130 mm
Fe——active area 70 mm ——*
honeycomb panel
Flat cable connector 10 mm thi
Differential signal sent - 1
from strip to interface card PCB with cathode
external glass plates
7l A LSS internal glass plates
~ P !
= PCB with Intermediat
7z | YA AS S AL SSSS IS, picki
\ : :1_5 Mylar film
N ’ 250 micron thick
5 gas gaps
of 250 micron
/ PCB with cathode
MS nylon screw to hold & s Outer module
fishing-line spacer
panel
\ 10 mm thick
I
connection to bring cathode signal Silicon sealing compound a
tral r

=
NI R
o S,

ay,

ross section of

C
[ALICE detector

96 readout
pads per strip

LY IC UE BE By

WWIAL/ 5
s SR

e [ & TaR Lt TR I vl | Vi
e ' S ~ ':5~~ N NN

/ I
R SN SGR TN  SS
Y
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Electronics

Gas system
Two gas envelopes

in copper GND sheet

2008/12/02 08:58

A 200 mCi 137Cs
gamma source

A six-gap RPC
installed with
trigger plastic
scintillators

19
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Efficiencies for muons

HY = 10,43 kY HV = 11.02 k¥
€ & <q> for a 6-gap RPC g Cue Emrm crosmo.
“ T T
] 00 4600 L] 000 4000
TDC threshold =1 mV q (1) q(1C)
ADC thresholds = 80 ~ 150 fC E" e ﬁ"" L
“a ¢ l:ﬂ”w‘ h““!“ |||
1. ol
- For 2-gap RPCs (2.5< g, < 5.0 pC) : ' I 0 RS
qstr > 10 pC for CMS BarrEI RPCS F Hy = 11.84 kv HY = 12,03 k¥
10 £=0974 BT = 0572
d, > 20 pC for CMS Forward RPCs £ w=siotc - LGl
o Y
‘l 00 460 L] 2000 4000
rc
- For 6-gap RPCs (0.6 < g, < 1 pC) : 900 9o
~ E HV = 12,24 &V ':'-L=o 152?;6 L
dg >~ 5 pC g eoldn 3" e
o |: O
] 000 400 L] 2000 4004
q(IC) q(fC)
[e=oss et 0% T e ] —
0.95 = "‘ ¢ é - ]il'ficiencicss______;---.-_:';ff__..-i" 06 1100 ; Avalanches
09 | i +;$ | o » - 1000 HV = 12.69 kV
._ - os | 000 enc(1.0 mV) = 0.985
R * t I [:) s | +* | © g £10c(100 1C) = 0.984
o + + % g o7 + 1™ < § 9.= 1120 fC
=) (=]
075 * . + ® 1DC(Th=10mY) Ej | h t EIGE- IS Ny = 0.006
o = 0.6 Charges |~ ]
/ ++ B ADC (Th=%80fC) = g# 1600 5 6o timit £ -
07 | - L ~ . .
i A ADC (Th= 100 fC) osf ¢+ 500 pC : limit for avalanches
003 i + ¥V ADC (Th=1201C) i ¥ ADC (Th=801C) _ 400 Largepulses
0.6 ) ADC (Th =150 fC) 0.4 B B ADC (:Th= 100 r(:) 300 |H| [ A B I [ || II L
. + AT R TN| TONTTT L ADGIR=101C) 0 5000 10000 15000 zoooo 30000
** 1025105 1075 11 1125 1151175 12 1225 125 *025 1051075 11 1125 115 1175 12 1225 125 q (fFC)
HV (kV) HV (V) 50
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w/o and w. gamma-ray backgrounds

- Shifts in HV ~ 1.5 kV at 2.02 kHz/cm?

- Caused by increase in resistivity of HPL
P,o = (6.9 £ 3.5) X 101° Qcm (at H = 75%) in Jul. 15, 2009 (right after the production)
Py = (3.3 £0.8) x 1011 Qcm (at H = 47%) in Jan. 6, 2010 (final measurement)

- Resistivity of the HPL should be < 101! Qcm after fully polymerized.

Efficiencies

09

08 |

0.7

0.6 |

Efficiencies & mean charges

Efficiencies

Pty

2.02
No gamma + 1.71 kA /
S 4
rd ,’/
+/+ Mean 191k,
Ve
¢ charges 159k - +
*4, 0.94 k*z"

+/ 074k

¢

073k p
0530 Ak

=
SO AR S
\ 4+ T4 E

1

1 s00

- A )
W &g e
TDC Th = 1 mV ith gammas
- ADC Th = 100 fC i
[ | Il Il | Ll | Ll L | | I - | Ll L | Lol L | ]
11 11.5 12 12.5 13 13.5 14
HV (kV)

1800

1600

1400

1200

1000

600

] 400

200

4]

—~
&)
e}
~—
o

Efficiencies

0.9

08 |-

0.7

0.6

0.5

0.4

0.3

Efficiencies & cluster sizes

: ‘ T [ T I T T [ T 1 I 1 T | [ T i 3
- + Efficiencies + { 28

+ + A 4 B 4 ¢ - 26
a A q 24 g
5 1 i)
- bk 1 20 :
- No gamma With gammas e L
- : 172)
= 1.71 k — 2 2
- / ] o
— / -1 18 g
- 191k / .
- / Cluster sizes Y i 8
— /, 159k * - 16 =
: + 074K +
- { + 0.73k * + q M
3 . 0.53k H 1 i
w0 P RSN NI N AU RSN I ST R 1
11 1§ 12 125 13 13:5 14

HV (kV)
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€ & <q_> for a 4-gap RPC

Efficiencies

l:Ticiencies

1

0.95

0.9

0.85

0.8

0.75

0.7

0.65

0.6

0.55

0.95

0.9

0.85

0.8

0.75

0.7

0.65

0.6

3
L —
+ 2.5
¢ . I
+ .
bd s
1.34pC @ Bi% T
I !
$ ' ® ADC dfficiencies (The = 150 fC) -
B Mean gharges: all pulses 0.5
! Mean ¢harges: avalanche only
0
10 10.1 10,2 103 104 105 106 10,7 108
HV (kV)
_ =4—1
TDC (Thr= 1.5 mV)
ADC (Thr= 100 {C)
- ADC (Thr= 120 1C)
I ADC (Thr = 150 1C)
) ADC (Thr = 200 {C)
| . | [
10 10,1 102 103 104 105 106 107 108
[V (kV)

Charges (pC)

For 4-gap RPCs (1.

3<q,<2.0pC):

n 40= w o F
.g E“L o= 1 3 =N 875 nl Edth I . . . v
S 30-) HY = 10.03 kv, g, = 0.573 pC = a0k HY = 10,13 kY, g, = 0.911 pC
g 30 Z30f
SEEN O a0p
) (1= 10-
uﬁ- L VY R PR B O.r'J o ey o 1 S
0 2500 5000 7500 10000 0 2500 5000 7500 10000
q(fC) q(fC)
2 40:
S F 27 LAs AER mp
£ KV = 10.23kY, q, = D.018 p : HY = 10.33 kY, g, = 1.052 pC
UL : H,H
lg:f ; .IITIJ'LMn. i ol P P I ot
0 2500 5000 7500 10000 2500 5000 7500 10000
q(fC) q(fC)
L = 8 f
E7F 1L. BV = 1043 kY, g, = 1.336 pC £ 200 [ 00 HY = 1052k, g, = 1.511 pC
g2 ] S |L Lﬂ
lﬂl J L 10 [“J
u'[ L |[|—‘J1‘\rf‘—|ﬂ-"Lh|nJ TP YI T  N  N 0 N - ]_\lr ﬁ Tul | o N T . NN . N TN, N 1
0 2500 5000 7500 10000 0 3000 7500 10000
q(£C) q(fC)
£ t a0 2
S0 ” 1 V= 10.62 kV, g, = 1.445 pC g 20 HHJJ‘ HY = 1072 kY, q,= 1.863 pC
20 e g
0 | 10
OL" q'lu] P ot , e e
0 2500 5000 7500 10000 0 2500 5000 7500 10000
q(fC) g (1C)
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3) GEMs for RE1/1

- Compact detector structure
- Rate capability > 10%/cm?
- Tracking capability
- RE1/1: no access allowed
— Radiation hardness
- Problem: too many channels
# of ch/det. = 8960
# of detector =72

Photolithographic technology used
for printed circuit board construction

Copper etching by
chemical solution

Kapton efching using
the copper mask

Basic structure

2~ 3 GEM plates : for the amplification of X-ray signals
Two dim. microstrips (~ 100 #m spacing : to pickup
the avalanche images)

? 2

Gain

Driftcathode |

' GEM stre;c:-her'

7C um ) 140 tm

amplification

Cathode

| —OpiFy—— |-
g~ ~Field - °

Electrons: |

-

Diffusion ' } Ion trap
Losses !

£ Anduction /" /T
[ (Fieldl VL (/1111
l Ll

Anode

23
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Honeycomb double mask single GEM C=/

CENTRALE

P A R | S

Real size:GE1/1

Honeycomb GE’.: W
with Honeycor.b

placed ir dr.t J

arXiv:1012.1524v2 [physics.ins-det] 9 Dec 2010

Shieldin “ :
openings for ’ /"’//@ hal
VFAT electronics’,7'<>,>

Readout

i >

Frame

GEM Foll

GEM without
Honeycomb Drift plane
. *Number of GEMs used = 1 Gas grooves
Drift o —— «GEM active area: 10 X 10 cm?
13,05 mm * Gas mixture: Ar/CO, 70/30
* Gas flow: ~ 51/h

GEM .15 mm » Water content: ~ 100 ppm H,O
Anode « Radiation source: Cu X-ray tube

*Cu X-ray @8.04 keV

24
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Muon-beam
test at
GIF/CERN

GEM efficiency performance |

Efficiency [%]

-
(=4
g 8

Efficiency Plateau

10 * Ar{45):C0, (15) :CF, (40) [gaps 3/242/2]
II|IIIIIIII|IIII|IIII|IIII
g 5000 10000 15000 20000 25000 30000
Gain
Time resolution ~5ns
GEM timing performance |
w12 E=3KV/cm
| E,= E,=3.0 KV/cm
2
g 10
§ L
o 8_—
ET
6
4:— Ar(70):C0,(30) [gaps 3/2/2/2
r Ar(45):C0, (15) :CF4(40) [gaps 3/2/2/2] |
2 Ar(45):C0,(15):CF,(40) [gaps 3/1/2/1] |
L Lt
%

4 5
E [kV/em]
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GEM trackers for COMPASS

A o

PANDA TPC: vertex tracker

Electronic
Flange

ATTPC at FRIB

; |:: 5 kpV 100
i 90deg ‘II; L
5 [
= 60);
7]
. 8 |z
- 40/ %
o I
Q. -
i q)A il 20 -._élé.‘.‘ A1oo

x pad position 26
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3. Collaboration for the Forward RPC upgrades

Korean Group :

1. Production and the tests for RPCs gaps (Phase I)
2. Participation of the detector assem. for high n RPCs

Will use the current detector production site and the facilities in Korea University
(used for the previous production for the RE).

Silk screen method for graphite
coating (100 ~ 200 kQ/square)

FiM. June 10. 20171



TEST facilities
Gaps

28
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CERN Involvement

1.
2.
3.
4.
5.
6.

Project steering & coordination
Integration of the detectors
RPC assembly & test for the QA

Logistics
Finances

Installation & commissioning

L}
AS VIEWED FROM 7

(Tertion Side

? » 4 ™ Y
]_.'1' A‘C— 3": l\ Ut’_‘.r'«ll

| ‘|.'|'

~
AC—

DG (CAEN)

FiM. June 10. 20171

29



Belgium Group (Vrije Univ. etc...)
- Design of the double-layered RE2

- Integration of the new FRPC system

- RPC assembly & test for QA

Chinese Group
- Parts for detectors (Honeycomb panels, frames ...)
- Participation in the assembly and test for the high-n RPCs

Facilities of assembly
Indian Group (NPD-BARC, Panjab Univ.) & test at NPD-Barc
- RPC assembly and the test for QA

ltaly (INFN + GT)

- Integration of the upscope
- Qualified HPL plates (Bakelite) for RPC gaps
- New Front-End-Electronics and the technical support

FiM. June 10. 20171



4. Conclusions & Milestones

1) Upscope plans

> PHASE | (by mid of 2013) :
- RE4 station on YE3 in n < 1.6 = RE4/2(72) and RE4/3(72)

> PHASE Il (~ 2016 ?) :
- Construction and installation detectors in 1.6 <n<2.1
RE1/1 (RPCs or GEMSs), RE2/1 and RE3/1 (RPCs)in 1.6 <n<2.1

2) Detector production for PHASE |

- Detailed designs for RE4 RPCs completed.

First delivery of HPLs ~ July 2011 to detector production from Aug. 2011.
Completion of gaps ~ July of 2012.

Completion of RPC module ~ end of 2012.

Installation ~ mid of 2013.

3) R&D for RE1/1 (in PHASE II): options are still in an open question
- Standard 2-gap RPCs (same as the other RPC trigger detectors)
- Multi-gap RPCs (need a new detector mass-production technology)

- GEM (triggering + tracking) 31
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BACKUPS

32
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On YE+1 yoke equipped with CSC/RPC packages The ME1/3 CSC’s now cover the RPC outer ring and
(inner ring) and RE1/3 RPC’s (outer ring). hence complete the first muon station on YE+1.

FiM. June 10. 20171




At CERN

Cosmic tests for the new RPCs at the site in the ISR
(used for the previous detector assembly and tests)

Test with cosmics
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For the low-ntrigger (Jn| < 1.6) of the RE system,

1. The trigger of requiring 4 hits out of 5 stations will provides us high
trigger efficiencies with low trigger rates.

2. Thelogic 4/5 for the low n RE can more effectively remove ghost hits for
the CSC tracking system.
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Figure 1.3: results of a simulation study on first level trigger performance of the RE system.

35
FiM. June 10. 20171



J/# in pp collisions
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J/w in pp
and Pb-Pb
collisions

1 week run

at /s =276 TeV
in Mar 2011
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Raa = "C’pp Npppb (J/U) Epp
TaaNuB Npp(J/v) epppu(cent)

Preliminary results for prompt dimuons
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[ Quarkonia at CMS/LHC J Proving QGP with pp and HI

collisions
Debye screening: characterized
Mass, BE, and radius by a debye radius i1, where its

eff. charge drops ~1/e.

M (GeV/c?) 3 353 3.69 () ) 3 In QGP > 7, the screening
' - - ' ' ' suppresses formation J/v.
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