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ATLAS BCM and BCM'
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e Current ATLAS abort system: Beam Condition Monitor (BCM)
e 2 stations 6.25 ns from IP
* Dumps the LHC beam if ATLAS endangered (scattered beam — out of time measurements + 12.5 ns)
* Also used for luminosity measurement

* 10 x 10 mm? single pad pCVD diamond sensor = occupancy at high pile-up is problematic (1.5 MIPs / pp collision)
e After HL-LHC upgrade (2024—2026) luminosity will increase by factor 5
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Robust solution for HL-LHC—> BCM' (BCM Prime)

Bojan Hiti (1JS) BCM!' 25.02. 2019 2



BCM' upgrade for HL-LHC

* pCVD diamond sensor, segmented into 8 pads = flexible acceptance

5 910z dog

e Custom analogue front end BCM' ASIC (designed by OSU) | Y b
* 65 nm TSMC process, 4 readout channels | o
» Separate front end functionality for Abort (high signals) and Luminosity (low noise)
* Current amplifier; < 1 nsrise time, fast (~10 ns) baseline restoration

* Desired sub-ns time resolution for beam diagnostics
* Large pitch bump bonding or wire bonding

........

* First prototypes available in September 2018
* Presenting first results from beam tests at CERN SPS and PSI in October 20
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CERN H6 test beam 33-

CERN SPS H6 test beam: 120 GeV hadrons

KarTel (Mimosa) beam telescope
* Tracking resolution = 3 um

DRS 4 analog readout
* 3 GS/s acquisition rate, 700 MHz bandwidth

* DUT:
* +1000 V bias voltage
e DUTs pumped with Sr90 before measurements

e Output oscillated if more than one channel per chip
active - Recorded two channels per run

Dataset:
* All channels measured (separate runs)
* several 10k tracks per channel
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Signals and pick-up 330 .

baseline of ch. 1 & 2 offset by 0.05 V for clarity
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Signal measurement

count

Average waveform of 1000 acquisitons

Select an integration window around the peak [t

min’ tmax]

Signal = Integral around the peak

S =

).
tmax - tmin t

tmax
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udt

Long integration window [— 6 ns, 6 ns] to mitigate for noise

Hit criterium: signal threshold = 40 above noise

Noise spectrum
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noise level varies by factor 2,
depending on the channel
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Efficiency measurement Chip 2 channel 1 (1000 V)
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Measured in the fiducial region
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Chip 2 channel 3 e m
®
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PSI test beam

* High Intensity Proton Accelerator (HIPA) at PSI, beam line PiM1, 260 MeV/c pions

* PSI beam telescope (150 x 100 um pixels) + multiple scattering = lower resolution

* DRS 4 readout, modifications to reduce ringing

* Measurements at positive and negative bias voltage: + 200V, £ 300 V (sample 1), £ 500V, + 1000 V (sample 2)

Ringzyklotron
590 MeV

Muon

Target E

Thanks to ETH for
measurements and
analysis!
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Waveforms at PSI e, -
®

1 Time Corected Waveform
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* Much lower noise than at CERN — no
pickup
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Signal [mV]
a8

o 8
é

e Baseline restoration after 10 ns

2420 130 740 750 60 T q70 180 190 200 . : :
e Time[ns]  * Analysis: Integration time [—1.5 ns, 3 ns]
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Signal Rise Time

Signal Rise Time
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Run 525: 351 kHz/cm?, 0:44:18 (800138 evts)
Detector: 116-H8-C1-1 (October 2018)
Info: +300V, nonirradiated, Att: None

* Rise time (20 % —80 %) =1 ns

* Improves with bias voltage — very few outliers at 1000 V
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Run 568: 300 kHz/cm?, 1:03:57 (1600387 evts)
Detector: 116-H8-C1-1 (October 2018)
Info: +1000V, nonirradiated, Att: None
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Charge measurement + 200 V

Signal Map Signal Map
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* Charge measurement in fiducial region
* 10 % difference for different sign of V, .. at low voltages (0.4 V/um)

 Distribution fitted with convoluted Landau + gaussian

* Noise distribution independent of bias voltage, offset is a feature of DRS 4
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Pulse Height with Pedestal Correction
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Signal spectra at 1000 V

Pulse Height with Pedestal Correction Pulse Height with Pedestal Correction
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e At 1000V signal spectrum is the same for both polarities

e Small pedestal — due to low tracking resolution
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Run 568: 300 kHz/cm?, 1:03:57 (1600387 evts)
Detector: 116-H8-C1-1 (October 2018)
Info: +1000V, nonirradiated, Att: None
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Signal summary
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Diamond 2
Mean

Chip Bias [V] Signal [au] Noise [au] SNR (Mean)

1 +500V 35.16 1.02 34.47

2 +500V 38.43 1.15 3342

1 +1000V 45 .62 1.15/ 39.67

2 +1000V 47.16 1.06\_ 44.49

1 —500V 33.10 1.18 2805

2% —500V 24.32 1.21

1 —1000V 44 96 1.12/7 40.14

2 —1000V 45.75 1.12\_40.85

Diamond 1
Mean
Chip Bias [V] Signal [au] Noise [au] SNR
1 +200V 14.07 1.15 12.23
2 +200V 36.52 273 13.37
1% +200V 13.73 1.03 13.33
2% +200V 13.66 1.15 11.88
1 200V 12.04 1.28 0.40
2 —200V 30.12 2.70 11.16
1* —200V 12.23 1.18 10.36
% —200V 10.18 1.10 0.25
1 +300V 21.93 1.21 18.12
2 +300V 56.87 2.67 21.30
1 —-300V 16.53 1.26 13.12
2 —300V 44 62 3.01 14.82

S/N ratio = mean signal / noise RMS
At highest bias voltages S/N = 40 (mean)

Timing resolution: t,., / (S/N) = 1.4 ns / 40 = 35 ps > very promising

Bojan Hiti (1JS)

BCM'
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Efficiency vs. threshold

Detector Efficiency
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Run 525: 351 kHz/on?, 0:44:18 (800138 evts) Threshold [mV]
Detector: 116-H8-C1-1 (October 2018)
Info: +300V, nonirradiated, Att: None git hash: cd7fb91

* Efficiency improves from 300V (0.7 V/um) = 1000 V (2 V/um)

* Inefficiency in part due to low tracking resolution
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Detector Efficiency
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Run 568: 300 kHz/cm?, 1:03:57 (1600387 evts)
Detector: 116-H8-C1-1 (October 2018)
Info: +1000V, nonirradiated, Att: None
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BCM'
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 Similar behaviour observed at SPS Q w
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Toward the BCM' module 33- i

* Module = Sensor + analogue front end + digitization + data transmission
f

) )

(T

[j B8 + | PicoTDC |+ |IpGBT

* Use "existing" components:

* PicoTDC: time-to-digital converter (TDC) developed by CERN
e Compatible with IpGBT

* 65 nm TSMC process

* 12 ps inherent time resolution
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e 32 channels, selectable between measurement of
e Time of arrival
e Time over threshold
* BCM' requires 16 channels
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Summary and outlook

Successfully demonstrated functionality of the first BCM' front end prototype

> 99 % efficiency measured in the test beam

S/N (mean) = 40 before irradiation

Good timing performance
* Risetime 1.4 ns
e Baseline restoration 10 ns
e <100 ps timing resolution is already achievable

Further analogue front end submissions planned

Module production using common components: PicoTDC, [pGBT
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Chip 1 ch. 2 + Chip 2 ch. 2
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Observed cross talk on the sample

Separate readout chips, so cross-talk most likely from the
sensor

Noise level larger with larger pads = 2x higher threshold,
efficiency slightly lower
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Cross talk ?
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