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Outline

- RPCs are the baseline muon and
calorimeter detectors for SiD

+ KPIX readout - Ryan Herbst - Tues. 9:10 DAQ

* This talk
- 5iD Muon system = |
- RPCs & teststand
- KPIX tests
- Future plans T N
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Muon /Flux Return

]T Endeap *  9-10 layers

{ W 5 tovers /. - ECAL + HCAL + Solenoid = 6 A

i a / * Muon =14A

| Z T - Study of pion misidentification vs cut on
e penetration depth in steel flux return,

| 7 10<p<50 GeV/c - flat distribution

| ‘:GZV’ + Fraction of 's with last hit > A

Vo

H 7*18 cm 3*36cm

Steel thickness determined by

Fraction
8 Layers 7.5 A

© 9999099909909 99099 898
e o - - .
238882k 2828283382883s3:3

flux return requirements

4 7 Layers 6.4 A
[¢—— 9 Layers 9.7 A
j&—— 10 Layers 11.8 A

Modest detector resolution needs — | = "~ | »13.5 M
can be meet by scintillator strips ::ﬁ"".""_""_"f"f"f"__ """"" | | > 020%
or RPCs B i

Depth of last hit layer ( A - muon steel only)
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RPC Baseline
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« RPC and steel \ ol | —— | e i e
boundaries staggered Endcap
to minimize geomefl”/'c B?;'rel
inefficiencies
> 937% eff. per layer H
» Digitized by KPIX64 | I ] W
—‘j —
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RPC Teststand

Trig 3

+ RPC test stand with Trigger RPCs
BaBar spares
Plywood

Available Gases Shelves

- BaBar streamer gas - festRPes
34.9% Freon 134a, 60.6% Argon, nisiiui
4.5% isobutane

- BaBar avalanche gas - o’
75.5% Freon 134a, 19.47% Argon,
4.5% isobutane, 0.67% CF6

- Argon _

- Ordered CERN/ANL - Available RPCs
- 94.5% Freon 134a, 5.0%

isobutane, 0.5% CF6 + IHEP 0.5by0.5m (4+6)
Trigger ~ 10 Hz *I talian Bakelite 0.5 by 0.5 m

- 3-fold coincidence + BaBar spares 1.1 by 1.3-1.6 m
Trig1*Trig3*IHEP 2

Trig 2

P
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Teststand

Trigger made from subset of x and y
strips to match IHEP chamber size

| Ped. subtracted max. strip number | Entlfilzgnm::%a
For these initial w00} sz
tests 1000}

. - R
Trigger coverage s00
non-uniform e
Biased efficiency o
measurement “
l38|||5101H5|2]l|5|4|l|5|6|||5|8|||60||16|2I
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RPC details
... - IHEPand Ttalian RPC
cow  have 2mm gas gap &
. s 2 mm Bakelite anode
— _ & cathode
ST . Pickup strips 22-38
mm pitch,

capacitance to gnd .
3-.6 nF

- THEP RPCs have no

linseed oil coating

- IHEPs 1-4 damaged in
shipping
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Efficiency
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"Proof of Concept”

- RPC interface
board 64 channels

* First tests -AC
coupling
1. Optimize resistor/
capacitor values

2. Protection circuits

3. KPIX readout
modes

Preliminary RPC/KPIX Data

Ryan Herbst,
Dieter Freytag
SLAC
Vary

Strip Termination
5-100 k@

Blocking Capacitor 0.1 -
5 nF

KPIX int. time 1.4 - 4
us

* Asynch. or triggered

readout

« Periodic or DC resets
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RPC/KPIX

RPC
Strip termination  Blocking Capacitor
Strip plane . L
PP Protection circuit
I
]
] X 13
I —)
I
]
I
o KPIX
———————————— Transistion
] 2 g Board
I
] 6
Ground plane |
HV !
ground V
Inéir;?ge Fisglra‘t?g:c FPGA use
KPIX Moo | Mhnose w1 Smd o | W7
RST& DATA |  Power Reaulators Efgr}g%:
EthTe?net
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Steps along the way

Normal gain saturates - use low gain

Strip multiplicity high — make blocking Pedestal wider than expected

cap. large |solate HV
KPIX inputs unstable — power chip

earlier, reduce RC time, reduce R

Normal gain vs low gain

. | Ped. subtracted strip sum | [ RPCsum
[ Charge, KPIX=0x2c3, Chan=0x08 | Entries 48599
— :v:.n‘os 123;'12 600/ Mean 3942
RMS 247.3 . RMS 2344
N . 62861864 , |
v E [’ Normal gain ,3540‘,; [ o ‘
S T YV & - S 7 - N
- , h
3 760 0 1) %05 ) W 186 200: 1 ]
100 pF, 100k f
[ Charge, KPIX=0x2c3, Chan=0x08 | € 0R2c3 08 |
= Entries 10000 100
lean 689.1
1524 i
8 21 7256 1 11 b J v
L] - - -
¢ i o wemsere || NOICA Radiiction of b bowu boa —— ——
100 pF, 100kQ ' E Low gain b T i s NOISG RedUCtIOn L 2000 4000 6000 8000 10000
ime ~ : Ped. subtracted stri [ RPCsum
Int time ~ 4 Add 1 MQ to HV  Ped subtracted strip sum | R —
i ¢ | Mean 3780
microsec |eadS 900 ~ R 2223
KPIC channels 800/
0-15 200} .
[ Charge, KPIX=0x2c3, Chan=0x28 | [ SURIH i I oy L L
Entries AIGI|51 mg J
10 ;:/nev 3 SOOE N
1 nF, 10kQ D | o P m
e | + 2772369 E rl 7 fC _>
Int time ~ 1.5 Jo0E- | T
microsec 200f- '
KPIC channels [}
32-47 0="0 """2000 400 €00 8000 10000




| Ped. subtracted strip sum |

RPCsum

Entries 44380

= Mean 3780
900— RMS 2223
w | ANFA0K g i
7007 3 Sina 1,36764e+03 9350 V
s00- Compare transition board
o components
3005— "’2 O % var /-a TI.On
200
100
00004000 G000 ‘800" 10000
| Ped. subtracted strip sum | fC -> Ent:?:scsu;?)ssa
450F Mean 3929
4002— ! 1 Constant R 1.82%%9?3&02 2,56541e+00 TOtal Charge 3-4 pC’
i |9 NFA0K 2 ter  Gimeett Siien larger, as expected, than ANL
woc RPC probably RPCs. Need absolute calibration.
250 .
3 poorly allgned
180F- resulting in
1002— more events o 80 _ 8.2 kV, avalanche mode
e P without signal
2 0 2000 4000 6000 8000 10000 1 ANL — Magi"
[ Ped. subtracted strip sum | —RPCsum__ “F Prague 057
3003— an;asn ggg; 50
- | Run_5nf2k_9350 whb
20 1 Constant  2,04795e+02  3,10145e+00 :
- 2 HMean 3,15671e+03  2,61547e+01 30 L
200~ 3 Signa 1,77278e+03  3,14008e+01 :
150? 2 F
1003— 0 |
- o Londd 1o o iei vy N L0
50— -1 0 1 2 3 4 5 6 7
E ], - 508 H. Band - U. Of Wisconsin ic
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| Ped. subtracted strip sum | [ RPCsum |
Entries 10443
F Mean 2008
E RMS 1714
HV Scan
300
250
E Avalanche peak vs Voltage
200—
150/ 6000
= 5000 el
50—
E 4000
O 004000 6000 8000 10000 = /
® 3000 —e— Mean
| Ped. subtracted strip sum | RPCsum 2 Sigma
Entries 44380 g
E M 3780
900;_ Rl\enasn 2223 © 2000 -
800 pd
- 9350 V 1000
700:—
600 0 - . . . .
200 ; 8800 9000 9200 9400 9600 9800
4ooi Volts
3005—
2oo§—
1005 Strips above Threshold
O a6 40006000 8060 70000 7
[ Ped. subtracted strip sum | RPCsum
Entries 45295 e
F Mean 4440 s> 6
700(— RMS 2804 g
E "'a='> 5 / —e— Multplicity 9000 V
600— = o
o - Multiplicity 9350 V
5oo:— 9700 V 4 \ ; .p. 'y
- 2 \ / A Multiplicity 9700 V
a0l 2 1A A 'l Ineff./5 9000V
g £ | w \ w ‘ Ineff./5 9350 V
o = —x— Ineff.
- = V__»
B =2 M e Ineff /5 9700 V
- =
200
E z 1%
100? O T T 1
Y i e00 4000 6000 8000 10000 0 500 1000 1500
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Charge Sum of all strips
Charge of Max. strip
Charge Sum of strips above cut

Strips 3.8 cm wide

Ped. subtrac strip m chsum number strips above cut RPCnhit
e st B2k 0350 =T _— o X mE
300 T RMS 2085 2000 - u RMS __ 1.565
: el S — 3 fC
250[- 1" Constant  2.,04795+02  3,10145e+00 e
- 2 HMean 3,15671e+03  2,61547e+01 E
200 3 Sigma 1,77278e+03  3,14008e+01 2000
150; 1500?
- 1000
100 B
- 500
oF Less than half -
- G_AIIIAIIIIAIIIAI PRI N S ST
G:JI PR TN [ T T T T TN [ ST T BN T S Of the Charge IS 0 2 4 ¢ ® 10 12 "
0 2000 4000 6000 8000 10000 ) h
(C > In t € max. # strips ->
strip
|_Ped. subtracted max. strip charge | o Dhemax | chargle of strips above cut | = RECsumhit_
e Rus 129 [ Constant  1,93403e+02  3.07435e+00 RMS__zite
- B 2 Mean 2,83904e+03  3,35291e+01
B 3 Sigma E.9113e+02 3 r_S_lgma 1,85072e+03  3,97970e+01
107 L
- 102
10 |- B
- 10}
1§_ [ | | | :...\...\...l.,.l...
: s i e s T 0 2000 4000 6000 8000 10000
->
fC -> fC
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KPIX Reset Mode Study

[ Ped. subtracted strip sum | RPCsum | |_Ped. subtracted strip sum_| g LPCsum ___
Entries 10622
— Mean 2920 o - Mean 3184
200 :_ RMS 2154 - RMS 2089
180 1 Constant 1,81566e+02 -
- 2 Mean 2,68707e+03 500— 1 Constant  3,09865e+02
160 — 3 Sigma 1,78528e+03 C 2 Mean 2.,99459e+03
1401 e 3 Sigma 1,62533e+03
120 C
100 300—
80 -
= 200
60— C
40f 100— X
20— -
o : 1 I 1 1 1 I 1 1 1 l 1 1 1 l 1 1 1 l 1 1 0 L I L L Izoloo . I I40|00 : I Isoloo I : : aoloo . I I10000
0 2000 4000 6000 8000 10000 d\ C >
1 Constant 1,62776e+01 fC -> 1 Constant 6.,50543e+01
2 Mean -1,18056e+02 2 Mean -1,38525e+02
3 Sigma 1,99040e+02 3 Sigma 6.,35626e+01

In normal LC operation the KPIX charge amp is reset between beam pulses every 400ns
A continuous DC reset mode was added for cosmic rays tests
However, the noise seems 2-3 times worse in DC mode

Noise 8 times worse with no reset




Pedestal Studies

@h //l// b
| Ped. subtracted strip sum | —_RPCsumh__ [ Ped. subtracted strip sum | __RPGaum__
- Mean 89.89 = Mean  6.087
2000cAsync_5nf2k_9350 RMS 3844 = RMS 2337
1800/ 1 Constant  1,96673e+03 2,13198e °°F w
= 2 HMean 9,08389e+01  2,51182%e 400
16001 3 Signa 2,83652¢+01  2,11014e E
1400— 600
1200— 500
1000 400 Add 2 other RPCs
800/ e to KPIX
600} il 0=115fC
400— =
- 100
200— c FLJ
:I Ll ILLIJJJ_LIJ LLI Ll I L L1l I L1l L1l I L1 | I L1l 0_ ol |20]00| ; I40100I ; '60100' : Lsolool l10000
-goo -400 -300 -200 -100 0 100 200 300 400 500 fC >
fC -> )
| Ped. subtracted strip sum | RPCsumN
Entries 738
"Run_5nf2k 9350 - Efgzs's'so jjﬁgz i, "Pedestal width higher for triggered
50— 2 nggﬁtant smsiee 206900 €VENES even if no track is seen
- 3 Signa d.mrsenol 137800 oPogsible correlation between the time
o of the trigger and the reset
b *Adding multiple RPCs increases the
B overall noise
200 *Without cables - noise ~ 5 fC/channel
= *Need to better understand grounding
10—
:I inlinl l‘lrll L0 I'll L0 L1 I | | I L1l | Ll L1l | | Ll I L1l

%00 -400 -300 -200 -100 0

100 200 300

400 500




\\\\\\

Pedestal Drift

Overnight run shows pedestal drift with
time, presumably due to temperature

charge[37] {(charge[37]>-100.) && (charge[37] < 100.)&&(event < 200000)} | htemp
Entries 1218
F Mean  -0.2551
220 RMS 35.97
200
180
160
140
120
100 A ~20 fC
80
60—
40f ” N H
I 0gton ot
G:|.-.| lnﬂnﬂlﬂn 1 | 1 |H IH ”HIH H|
100 -50 0 50 100
charge[37]
charge[37] {(charge[37]>-100.) && (charge[37] < 100.)8&(event > 280000)} ] htemp
Entries 17251
o Mean 12.46
- RMS 31.96
2500—
2000
1500(—
1000(—
500 N
P hn[nnHH A | .HHH|HHHHH.HHH|
-100 -50 0 50 100

charge[37]

’ charge[36]:event {{charge[36]>-100.) && (charge[36] < 100.)} |

-
o
o

charge[36]

50

-100

1 1 Il I L1l Il | ) N I | | ) I I | | | | | l 1 | I

x10°

500 1000 1500 2000 2500 3000 3500

event

T I'_I__L_I I'|

OIIIIIIIIIIIII

o Sum
A 20.5fC/
channel

x10°

[40]+charge[41]+charge[42]+charge[43]+charge[44]
o

500 1000 1500 2000 2500 3000 3500

event



Recent developments

» Use all 64 channels for readout of 4 RPC planes
to enable tracking studies

7 new IHEP RPCs in hand of varying bulk
resistivity 3 10" - 5 10 2 Qcm

+ Improved software -GUI interface

([Grorae istoarm Ko7z cramer=s mamae=t | [[Srorme wistooam xoirao,cnamner=at mamae=t | S
Kpix 0-Ch 41 -l F lterations:
' E 1600 -
Main | FPGA | Confi | Timing | Trigger | mject | “u Kpix 0 - Ch 42 5997
Register Test Menu ale Kpix 0 - Ch 43
KPIX List: e Kpix 0 - Ch 44 4
ix 0~
Address [ serial [version  Teospixel | Calibration Menu | - 1200 P Rate:
Kpix 0_[0x00 720 7[ K| Jo0oF- Kpix 0- Ch 45 28
Kpix 1_|0x03 0 0 Thresh Scan Menu w0of- Kpix 0 - Ch 46 o
= Kpix 0 - Ch 47
Run Menu 300
s00f- Kpix 0 - Ch 48 Triggers
Network Port
200 e Kpix 0 - Ch 49 = 5997
Description 100k ook Kpix 0 - Ch 50
Base Run File For Async Triggers Kpix 0 - Ch 51
peadiGomior L L | L L 0" floo s honallansnflansllnnanllosaallsnnllansallosan] 17
Eq 05 o 05 1 40 1 2 3 4 5 8 7 Kpix 0 - Ch 52 R Cammsna}
Clear Counters Kpix 0- Ch 53
Run Variables
= Value |Desciption Charge Histogram, Kpix=720, Chann el=40, Range=1 | Charge Histogram, Kpix=720, Chann e1=36, Range=1 | Kpix 0 - Ch 54
jame
Read Configurat
ad Configuration 2500 = Kpix 0 - Ch 55 | Stop
Write Configuration 1600 L h 56
3000
] e |
Set Defaults HH Clear Selections
1200] 2500~
E Event Variables:
Dump Settings
Add Run Variable| Delete selected 1000 209015 Name | Value | Description
Enable Calibration 800
L Changing Settings e
600
™ KpixAsic Debug 1000
I~ KpixFpga Debug R any
I~ sidLink Debug 2000 500
Data Directory: ) 1 1 L 1 0" 1 1 1 1 1 10"
|/s(rat(h/km></ Browse ° 2 4 ° ® o1 008 ° 008 o1
Calibration & Settings File:
[ ru1/kpixrundi frun_async root Browse Data Direcwry.l scratch/kpix//2008_11_14_10_27_41_run

Clear File | Load Settings Rescan KPIXs |

status{Running - Low Gain
Close
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Plans

- Start of a long + Next steps

program to optimize - Un7er./€7‘and strip
tiplicity, noise
readout MUTTIpActty.
- Readout opposite polarity +
* Proof of Concepf several RPCS for a stand-
done, but still alone fracker
. : - T P
disentangling RPC/ est THEP RPcs
KPIX effects ’ Losl_ge: Term
- Tracking, position
+ We should be able to resolution studies
do better! - Test CERN gas
- Lower noise & cross - Test GEM pad readout with
talk Bakelite RPC
- Pad readout of glass RPC
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