SiD Muon R&D
SiPM Studies, RPC Aging Studies



SiD Muon

« Expected Backgrounds

— Barrel -Beam halo induced muons |

« 3103/cm?- pulse train

— Endcap -2 y hadrons & u
« 4107 /cm?- pulse train

« Detector design
— Modest resolution ~cm

9 layers +
1 outside
solenoid

L H——T

DR

718 cm 3*36 cm

— 9-10 layers interspersed in steel flux return (8 1)

— X and Y coordinate readout ~ 3-4 cm pitch



SiD Muon Detector
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Scintillator Strips mounted side-by-side
with 1.2mm dia. WLS fiber U-turn




TB4 Set-up at DO ; Cosmic

Rays
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Average pulse shape

180 digitizations * 4.708ns = 847ns . Small pulses and Large pulses!



Preliminary meas. of the inter-strip
inefficiency
L

Method: Use two 1 mm spacing MWPC horizontal wire planes upstream of the
strip scintillator counters to measure the vertical position of beam tracks that pass
through the scintillator strips. Take data as the beam (~ 1cm) scans the crack.

1x1 '

T3
T1 / T
1.5 x1.5 /
cm?
MWPCs ' 10x 10 sz

T-995 Strip Scint.



Beam in the top strip 10 cm from readout end.
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attenuation length

The signal fraction "S" as a function of distance "d" from the
sensor is S(d)=exp(-d/Leff) and Leff= Lo+c*d
The fit to data gives Leff = 2.88 meters + 0.5d

1.2

Near the sensor, the attenuation length is ~¥2.9m
At a7m from the sensor, the attenuation length is ¥6.5m
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Signal propogation 17.4cm/ns

y = 17.4x + 626

Time of arrival

-40 -35 -30 -25 -20 -15 -10 -5 0 5 10

Time of pulse arrival relative to Trig PMT T3 (ns)

800

700

600

500

400

300

200

100

Distance from Sensor (cm)



Vertical Scan of Inter-strip Crack
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« Beam test and analysis continuing



Muon - Bakelite RPC R&D

. /
, .
* RPC readout with KPiX e |l
chip previously reported at | Al
LCWSO08 and LCWAQ9

* Aging Studies
— Babar Forward Endcap RPCs
- H. Band, U. Wisconsin

* Run from Nov.02 - Apr. 08

| @

« Similar construction to

Atlas/CMS RPCs West v T East

« Wide range of rates/ u 31 g
current accumulated over ~ “ A
6 years ol _ o
« Good overall efficiency but
clear signs of aging on

3/28/10 H. Band —LCWS 09 —00 % 5 o =0 %0




Noise Rate and Currents with Cosmic Rays

* Both noise and currents have increased over 5 years
* Average noise rate 400 Hz 2 3 kHz (area 1.5 - 2 m?)
* Average current <1uA 2> 12 uA
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£ll Chambers Cosmic Current
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Beam/Cosmic Histories

Difference between beam and

cosmic ray determined
efficiencies highlight rate
induced inefficiencies

Many RPCs have stable
efficiency

Near the beamline a r'af% -
dependent inefficiency :

11

Conversion to avalanche mode
restored efficiency

Rate dependent inefficiency
due to dry Bakelite restored
by humidifying input gas
Inefficiency due to poor gas
flow similar in both

Cosmic{red} and Beam{black) Efficiency
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Noise Rate and Currents with Cosmic Rays

Entries 168

About Z of current increase 1 ean 0.475
due to rise in ohmic current

(Estimated by extrapolating " L
the I vs V curve below the gas "o 2 % ™ a0 " i@ 1w w0 w0 w0
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« Trying to understand
causes of:

— Ohmic current

— No correlation with
integrated current seen

— Increased noise
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Cosmic vs Collisions

w pairs with beam

Forward Endeap Gap 3
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2-D Efficiency map
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Need to decouple the aging e&ffects
from other failures ~ 87%:

 gas problems \_—7
« HV problems

3657200 2100 0 —
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Run n.81491 Endcan Forward

Low efficiency ring around
beam-line only seen at high
H. Band —LCWA pates with beam

See e o mn 00
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Final Tests

10 RPCs were selected for further tests

— No HV or gas problems over 6 years
— Finally removed from BaBar steel Mar. 2010

2 failure modes of most interest
— Rate inefficiency around beamline
— Noisy, inefficient regions near gas inlets

— Correlate problem areas with changes in Bakelite or graphite
resistivity or HV surface finish

Quick first look at 2 RPCs reported

Long term plan is to verify RPC Performance before
autopsy



Middle East Layer 1 -Bot




Bakelite Samples
Middle East Layer 1 -Bo
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East Layer 14 - Graphite

Long. strips

~ 90 kO 200 kO
y 250 kQ
125 kO 205 kQ
: - 133 kQ 190 kQ

HV contact

H. Band - LCWS2010
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Autopsy Summary

« No evidence of graphite
problems

« Linseed oil dry & smooth
 Bakelite resistance is

fairly uniform e
— Lower in "bleached area” o
— Needs more precige Previous HF studies
measurements | e
+ "Bleached” surface in areas | - S
of rate inefficiency | -
* Not yet clear what causes - sy docoires
inefficiency - More C L Pnceton
dotailed studies e 1 ot e e

3/28/10 H. Band —LCWS 09 25



Gas Humidity
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April, 05 Aug. 23, 05 July 07
2 . Forvf'a_rd Endcap Gap 21 . 300:_J Forvgva_rd Endcap F}ap 21 | SR g 3005 ForVEVaId Endcap Gap 21
< | = ™ 200F

200f ' W

1004 __jt SR N E

- 100} T 00— il 100

-200F S - -200F ................. - _200:

-300

-300 PR P s s
-300 -200 -100 O

100 200 300
X (cm)

Outer layers inefficient in Run 5
even some which had been of f

— But OK with cosmics

— Input IFR gas ~07% RH

— RPC exhaust ~307% RH
Humidify input gas to 357%

RPC Efficiency wit
gr——— L

000 1500 2000 2500

-3 1

for

X (cm)

h Beam Layer 16 EAST

E - E "
/ / osE S /"”
¥ :

| ol 1 | M 0

F A~ E m«‘"
.E—-ﬁ J o.sf—-‘r’ -

some and later all in Run 5b T . ‘ .
Clear improvements seen Y SR A0 P S N

P T S I B
Days since Jon. 1, 2000

Stable efficiency in Run

10/31/07 H. Band - U. Of Wisconsin - Hawaii 2007

0 Eleii 1.4,

Days since Jan. 1, 2000

26



RPC avalanche: intro

«  We have been testing 3 RPC modules in avalanche mode since Oct 2005.

*  The goal was to understand if operating RPC in avalanche can solve the rate
capability and efficiency problem at small radii...

West streamer East avalanche

« ..And see if the new configuration is operationally stable and reliable.

STREAMER vs AVAIANCHE
runningHV 6700V 9500V
Gas mixture 57%Ar 22%Ar
39%Freon 72.9%Freon
4% lsobutane 4.5% lsobutane
0.6% SF,

SLAC, Sep 14 2006 G. Cibinetto 27



Muon ID Performance

R24 BDT Pion Rejection vs. Muon Efficiency FWD 2.0 <p <4.0
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BaBAR
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Outlook

Muon ID vs pion rejection
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