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Overview

+ Test Beam Setup
» Distorted Drift Time Spectra

» 40/80 MHz Pattern
» Broadened Spectra
« Summary
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Test Beam Setup

Beam Setup
s 120 GeV p-beam

» train of 48 bunches with 25 ns bunch
separation j

= 10 x 10 cm? scintillator beam trigger
@ 4 m (upstream) from chamber
used as external trigger device for
readout.

Chamber Setup
» MB3 Chamber with MB1 Minicrate

» nominal operating conditions
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Readout Map

SL PHI2 (SL3)

4, 8 12 16 20 24, 28, 32 36, 40 44 48 52 56, 60 64 68 72
L4 120]133]137]141]145]149]153] 15716 1] 165] 169] 173] 177] 181 185] 189] 193] 197]201]205] 209]2 1321 7] 221] 225 2209] 233] 23724 1] 245 249] 253
L3 131]135[139]143[147]151]156] 159]163] 167]171]175]179] 183187 191] 195] 199]203[207[211] 215[219]223[ 227[231]235] 239]243[ 247 251]255]
L2 130]134]138]142]146[150] 154]158] 162 166]170] 174 178]182] 186] 190]194]198]202] 206 210] 214] 218] 222] 226] 230234 238] 242] 246 250 254 e[ v o[ vea ool oAl o el vaoloan]
L1 132 136]140] 144] 148] 152] 156 160]164] 168]172]176]180] 184 183] 192] 196]200] 204 208 212] 216] 220 224] 208] 232|236 [ 240] 244 248 252 256 | L1 | L L 1]
FEBO1 I FEBO2 I FEBO3 I FEBO4 ! FEBOS | FEBOG ! FEBO7 ! FEBO8 ! FEBOY I 10 I FEB11 I FEB12 I FEB13 I FEB14 1 FEB15 | FEB16 ! FEB17 ! FEB18 |

NOT CONNECTED . NOT CONNECTED
SL THETA (SL2) beam spot region

44 8 12 16 20) 24 28, 32 361 40, 44 48 52 561
e [ TsToeT1al1721T25 29 53T 37741 45]49T53 57 6165607377 81 I&SI89I93[971101110511091113[1171121I1f£]12911331137[141[145114911531157[ﬁ1[165]1691173]1771181118511891193[19712011205[2091213]217[221]2251
13 3] 7 111151912327 a1]35]39 4547 57155159]63]67]71]75]79]83] 8791 ]95] 09 103107]111]115]119]123] 127]131]135] 138] 143 147] 151] 155 190 163] 1671711 175] 179] 183] 187 191] 195] 199 203] 207]211]215]219] 223 227]
L2 [2]6 18222630 3403842 46] 50 54 58] 62]66]70] 74 ] 78] 82] 86] 90 ] 94| 98 [102[106]110] 114 118]122[126]130]134]138] 142] 146]150] 154] 15| 162[ 166]170] 174 178] 182 186] 190] 194] 198]202]206]210] 214 ]218] 222] 226
L1 4] 8]12]16]20]24] 283236 40 4448 [52] 66 60]64[68]72]76] a0 84 ]88]02] 96 [100]104]108]112[116]120]124]128] 132]136]140] 144 [ 148] 152 156]h60] 164] 168] 172] 176] 180] 184] 188] 192[ 196]200] 204 208[212]216]220] 224 228
FEBO1 T FEBO2 ! FEBO3 ! FEBO4 T FEBO5 T FEBO® ! FEBO7 T FEBO3 T FEBOY ! FEB1 T FEB11 T FEB12 ! FEB13 T FEB14 T FEB(15)
44 8 12 16 204 244 28 32) 361 40 44y 48 524 561 50 64y 68 72y

4 [1[s[9 [13]a7 [21 |25 |29 |33 [37 41 [45 lag |53 [57 | i lag [73 |77 |81 [ 85 ] 89 [ 3] a7 [101]105] i [117]121] ]129[1331137[141]1451149]1531157[1611165]1691173] Il [185]189[193[19712011205[2091213]217[221] i [2331237]24112451249[253[ 1261]265]260)273]277]281]285]

=7 7 \orcomnecreo 7 Nc“” 'NéE” FEBT\lolT CONNECTED
» |ess than %z of cells in phi-SLs connected to DAQ
» full readout for theta-SL
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Global Drift Time Spectrum

Global TDC-Spectrum; t / tdc-steps; Entries tdc
Entries 1338943

M 4806
phi2-SL global spectrum R:n;n 338.1

(run stddef 372 @ 0°)

3500

# entries

3000

2500

,Sshoulders" due to beam
2000 halo, not triggered by
scintillator beam trigger

1500

1000

500

0 Llwwlll

3500 4000 4500 50

5500 6000
TDC ticks [25/32 ns]

00
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o 40/80 MHz Pattern

Global TDC-Spectrum; t / tdc-steps; Entries tdc
Entries 1338943
o - . Mean 4800
£ 3500 — phi2-SL global spectrum RMS 161.3
o - (run stddef 372 @ 0°)
™ 3000 83 *'V'HZ
2500
2000 —
1500 - / $ 4
- 40 MHz
1000 periodicity of 16 and 32 TDC ticks
u (80 MHz and 40 MHz)
500 WJ

| | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
49500 4600 4700 4800 4900 5000 5100 5200
TDC ticks [25/32 ns]
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o 40/80 MHz Pattern

Summary
» all cells affected (visible if enough statistics available)

» weak 40 MHz pattern found also in recorded beam trigger signals
(0.09% of recorded triggers)

Possible explanations
» crosstalk between clock and data (Matteo investigates this)

@ inside Minicrate
@ grounding

@ cable layout
» feedback from BTls into TDCs
@ could explain 40 MHz and 80 MHz pattern

@ all cells are connected to BTls — pattern in all cells

RHEINISCH-
EEEEEEEEEEEE
EEEEEEEEEE

HHHHHHHHHH

Michael.Bontenackels@physik.rwth-aachen.de CMS Week — March 2004 7

Ill. Physikalisches Institut A



CMS

Broadened Spectra

» 15 out of 42 cells (35.7%) in the beam

beam spot region :
POTIES spot area with broadened spectra

36 4(
129 46| @y | @1 | @6 @[ 153] 157 . . .
13;3;3;?34;34;1355;53535; PHI2 » 4 of them with severe distortions (e)
132]136] 4] 144 | 108 ] 15abaLl
FEBO9 FEB10 == Example 1
SL Phi2 L1 cell 37 (run stddef 372)
| Drift Time Histogram (all hits in cell) | Entries 145222
Mean 4892
.7112? ﬁl149[15311‘51E % . . e s
2172%?133&1391143 147[151115511/ =N=450 a” h|tS N Ce” g:::,::;w 2:?:
130]134[138]142]146]150] 154] 15¢ TH ETA 400 Integral  1.425e+05
28] 132]136]140[144] 148] 152[156 [

FEBO9 FEB10
350

Example 2 300
/ (c.f. later) 250

129 18| 4 [ W | 5] 149]153[157

maximum drift time
~380 ns <« ~485 ticks

@] 135]139]143]147]151[155] 1 150
p[134]138] 4] @B [150]154] 15¢ PH |1
132]136]140]144 | 4@B] 152] 156 | 1 100

N FEBO9 ' FEB10 t_max
50

|

e severely distorted o
. . 4600 4800 5000 5200 5400 5600 5800 6000
e slightly distorted TDC ticks [25/32 ns]
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Compst uan Soanaa

Example 1 - ,Double Hits"

[rift Time Histogram (st hitin col) ] w w o distortion caused by ,double hits"

2 300— i RMS 166.9
= 1 hitonly |ee " . :
2500 e @ probability of ,double hits” > 99%
200 .
: » At=181+1 TDC ticks
- — FEB output pulse length
100|
g » 2" (fake) hit generated by elec-
- e tronic (not related to driftcell)
0™4600 4800 5000 5200 . 5400 5600 ksz:gglsz s(;oo
ICKS ns
| Drift Time Histogram (2nd hit in cell) | Entries 64971 | Time Difference Hit1 -> Hit2 | Entries 64971
. -
. i o w2 Pt veen 19 e
B 2 hlt Only Integral  6.392e+04 :;’:10 = e een Integral  6.487e+04
250 - - and 2™ hit
- 10°
200 -
150 102%
100 i
- 10 L
50? At 1 -
ot 2800 5000 52005400 “5600 ‘5800 8000 165" 195 200
TDC ticks [25/32 ns] TDC ticks [25/32 ns]
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CMS /1

Example 1 - Track Fits

fitted track

tra

148
-

150

\ Efficiency; Cell; Efficiency |

=

136 138 140 142

- > »  double hits“ do not influence

ck fits and efficiency of cell

» 40/80 MHz pattern may affect
the resolution of cell (c.f. still
visible spike pattern in spectrum

V > ) of used hits for track fits)

| TDC-Spectrum of Cell 148 after Fit | tde_fit

160

Entries

140

120

100

80

60

40

20

0

Entries
Mean

hits used  |lrws

47829
4773
131.2

for track fits

144 146 148 150 152 4550 4600 4650 4700 4750 4800 4850 4900 4950 5000

cell #

(Efficiencies and event display calculated by Raphael Mameghani's track fitter)

t/tdc-steps
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Example 2 — ,,Double Hits™ and Splkes

| Drift Time Histogram (all hits in cell) \

all hits

t-max

b il

123922
Mean 4829
RMS 197.8
Underflow 1323
Overflow 205
Integral 1.224e+05

SL Phi1 L4 cell 37
(run stddef 372)

L

4600

4800 5000 5200 5400 5600

5800

6000

TDC ticks [25/32 ns]

» _double hit* probability here ~ 23%

» At=198 1+ 1 TDC ticks

FEB output pulse length

» 2" hits show 40/80 MHz spike

pattern very strongly

—

\ Drift Time Histogram (1st hit in cell) |

Entri 98543
Mean 4776

4600

1% hit only

RMS 183
Underflow 1150
Overflow 59
Integral 9.733e+04

b i

4800 5000

5200

5400 5600

5800 6000

TDC ticks [25/32 ns]

\ Drift Time Histogram (2nd hit in cell) \

n 400

K
* 350

300
250
200
150
100

50

0

Entries 23099

- 2™ hit only |
g LMAX. 40/80 MHz

q pattern

At

2600 4800 5000 5200 5400 5660 8008000

TDC ticks [25/32 ns]
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Conpscn v

Map of Distorted Cells

SL PHI2 (SL3)

4, 8, 12y 16y 20y 24 28 32 36 40 44) 48, 52 56 60, 64y 68, 72
w Lo To ol Ton Joe Joo Tos Tor Tas Jae Yoo Jos [or [on [oo [eo [oe [ov o Teo [oo [osTor [ionfiosfioofi o]t i21]i20]120] 48] 1| 4| 46 [ 6] 153]157]161] @[ 169] 173]177] W] 185]189] 193 W9 ]201]205[209]213] 217[221] 225 [ | 233[237 [ 241 245|249 25320 [ o6 [oes [oon o a]e v Ton  [ous]

L3 131]135[139] 51]155]|159]163[167]171]175] 179183/ 187191 99]203]207]211|215]219[223|227]| 231]235)239|243|247| 251 255

e Tole e e T e e oo o oo o oo o T e e Ton oo T [ T oo T o T T [ n3o] 134 ] a4z 146]160] 154 158] 162] 166] 170]174] 178 182] 186] 190] 194] 198 202] 206 210] 214 218[222] 226]230] 234] 238 242[ 246260l 24 T o To T il e T

L1 132]136] p[144[1@] 152156160164 168] 172]176[180] 184] 188] 192[ 196]200] 204] 208 [ ML] 216]220] 224 [ 228] 232236240244 ] 248] 252 256
FEBO1 U FEBO2 U FEBO3 U FEBO4 i FEBO5 U FEBOS l FEBO7 U FEBO8 { FEBO9 FEB10 I FEB11 I FEB12 I FEB13 I FEB14 I FEB15 I FEB16 L FEB17 u FEB18 U

NOT CONNECTED NOT CONNECTED
SL THETA (SL2)

-
[N

L4
L3 3 95 | a9 [103]107]111[115]119]123]127[131]135]138] 143[147] 151]155] 159[163] 167]171]175[ 179 183] 187 191[ 195] 199 203] 207 [211]215]219] 223] 227
L2 [2]6]10]1418[22]26]30]34]38][42[46]50]5458][62]166][70]74]78]82]86]90]04]98][102]1068]110]114]118]122]126]130][134]138]142]146[150]154] 158]162]166[170][174] 48] 182[186]190]194] 198]202[206]210] 214] 218]222[ 226
L1 T4 18 [12]16] 20 24] 28] 32] 36 | 40 ] 44 ] 48 ] 52 ] 56 | 60 | 64 | 68 | 72 76 | 80 | 84 ] 83 ] 92 | 96 ] 100]104]108]112]116] 12011241128 132] 136140 144] 148] 152] 156  160] 164 168] 172] 176] 180] 184] 188 192] 196] 200]204] 208]212]216]220] 224228
FEBO1 I FEBO2 ! FEBO3 ! FEBO4 ! FEBO5 I FEBOS ! FEBO7 ! FEBOS I FER09 ! FEB10 I FEB11 ! FEB12 ! FEB13 ! FEB14 I FEB(15)
4 8, 12y 16y 204 24) 28 32 36 40 44y 48 52 561 60, 64 63 72)

149[1531157]161]165]1691173] [ l1851189[193[1971201]205[@121312171221] [ [2331237]24112.1249[253] 1

v EEEraE]

FEBO1 ! FEB02 ! FEB03 | FEB04 ! FEBO5 ! FEB0G | FEBO7 ! FEB08 i FEB09 ' FEB10 ! FEB11 | FEB12 ! FEB13 ' FEB14 : FEB15 ! FEB16 ! FEB17 ! FEB18 |

NOT CONNECTED NC NC NOT CONNECTED

e severely distorted
e slightly distorted
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Summary

L

40/80 MHz pattern seen in the drift time histograms of all cells.
Its origin is unknown.

» Several cells have distorted drift time spectra due to ,double hits”.

b

Both effects do not seem to affect the offline track reconstruction.

But ...

> Can these effects disturb the 1 level trigger?

@ ghost tracks and noise

s wrong bx identfication

» \What happens if two or more cells with many of such ,double hits"
are very close to each other?

> Why are often the same cell numbers in different FEBs affected?
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CMS,

Backup (1) Example 2

Time Difference Hit1 -> Hit2

610" —
E Example 2
6
E - L
10—
10° —
— (7))
— C
— +I|
10 = 3
-
- g
T -
0

200 400

stddef 372 SL Phi1 L4 Cell 37

Entries 23099
Mean 2641
RMS 147.2
Underflow 0
Overflow 95
Integral 2.3e+04

800 1000 1200
TDC ticks [25/32 ns]
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CMS /1

Backup (2) Beam Trigger Signal

Drift Time Histogram (all hits in cell) Entries 200001
Mean 5366
2 105 - RMS 12.89
£ = Underflow 70
O Trigger Peak Overflow 0
4 B Integral 1.999e+05
vE \
10" =
102 ~ periodicity of 32 TDC ticks (40 MHz)
10 -
1 &
4}|‘| |N||| M|||| | ‘|||\ ||H ]

4600 4800 5000 5200 5400 5600
TDC ticks [25/32 ns]

stddef 372 beam trigger channel
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Backup (3) Beam Trigger Signal

Drift Time Histogram (all hits in cell) Entries 200001
Mean 5366
2 10° RMS 2.352
e = = ) Underflow 70
- Substructure in Overflow 0
sl Trigger Peak Integral  1.998e+05

10 —

10°

10° 32 TDC ticks (40 MHz)

10

w \ IHIHI‘

| | |
00 5250 53

00 5350 5400
TDC ticks [25/32 ns]

52

stddef 372 beam trigger channel
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s Backup (4) Test Pulses

» generation of (up to 4) fake pulses in some cells known from test

pulse measurements at Aachen

File  Edit  Wertizal Honzdtcqg Tng  Digplay Cursore Measure Math Uhlibes

Tek  Stopped Single Set 28.Jan 041767 R
i - £ o £ H =

LVDS o-utput

Ch SO0y Ch2 S00mY
Chd EO0mMY 0 & Chd o -400mY
Mlathil  SO0FRY

Help
Euunns

Cursl Pos
.0s

|
' Curs?2 Pos
BO0.0ns

]| Meg Wid(M1) 103.7ns

{FalliC4)

JRizeil4) 7 5455
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