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What does work

Actually quite a lot...
«  SPS can give nice results, as long as there is no Awake or LHC25NS.

«  PS BGIH can work well for any beam, if the shutter is kept closed
during times of beam loss.




PS-BGIH measures LHC3

Status: ON State: OK Details: sw-status: ON | data-source:TIMEPIX | hw-mode:OP

Diagnostics: Component check for CPS.USER.TOF - H2(

£ system: ([JESHID O (T2 5= Wwaming RF: 168006375 ns  Tinj: 170 ms  Tej: 2850 ms /| Add Warning RF to timestamps | Freeze
£
F . - 3 = R
£ Cycle: [CPS.USERLHCI Mode: | BEAM_PROFILES Acquisition Time: 2024-07-25 17:18:13
§  Measurement Settings
=
Profiles
= 28 +| Count
=
v 80
200 < | Start (ms) o
0 = | Start (RF)
100 +| Interval 60
25 +| Integration
0 *| Offset (25ns)
40
M5_1 - Unit
1 <| harmonicDuringMeasurement
20 | !
30 ~| Time Over Threshold ° | '
Save Raw Data To ik |
! “w
fuser/jmmclean/bgi-raw-data2 QOpen... ol 1. #llie WP "'H
I I .
=
Advanced Profile Count: 28 Profiles to display (max. 100):  Start |0 || Stop (28 || Step |1 | *||v¥|Show all profiles
Timeout System OFF: N. Calor First Event [ns] Profile Start [ns] Integration Time [ns] Event Count =
= 1,599,913,230 L399,897,073 24,999,923 &,191
120 min -
15 - 1,699.911.600 1,699,897.375 24,999,925 3.449
Timeout Data Saving:
120 = 16 1,799.899.675 1,799,897.050 24,999,900 4,158
e ——— 17 - 1,899,904,025 1,899,896.750 24,399,900 3,492
TIMEPIX - 18 - 1,999,897,300 1,999,896,425 24,999,900 4,739
GET |T 19 2,09%,903,100 2,099,896,100 24,999,875 1,938
20 2,193,900,050 2,199,895,775 24,999,900 1,786
21 - 2,299,895,825 2,299,895,425 24,999,925 1.578
22 2,399.898,525 2,399,895,125 24,999,900 1,359
23 - 2,499,937.400 2,499,894,800 24,999,900 1,002
24 - 2,599,919,200 2,599,894,500 24,999,900
25 - 2,699.923.375 2,699.894.175 24,999,900
26 - 2,799,896,100 2,799,893,850 24,999,875
27 - 2,899,988,000 2,899,893,525 24,999,900




SPS-BGIH measures SFTPRO1

Status: ON State: OK
£
; Cycle: | SPS.USER.SFTPRO1 ~ | Mode: BEAM_PROFILES -
@
3 Measurement Settings
=
Profiles
= 20 +| Count
5
a
500 ~| start (ms)
0 | start (RF)
100000 ~| Interval
50 +| Integration
0 +| Offset (25ns)
us 1 < | unit
1 + | harmonicDuringMeasurement
30 + | Time Over Threshold

Save Raw Data To

Juserfmacabrerfraw-data/20240709 Open...
=

Advanced

Timeout System OFF:

120 min -
Timeout Data Saving:

600 s >
Data Source:

TIMEPIX >

SET

Details: Acquisition being prepar

Warning RF: 180000025 ns T-inj: 200 ms T-ej: 4461 ms Add Warning RF to timestamps | Unfreeze

Acquisition Time: 2024-07-29 08:55:37

Profile Count: 20 Profiles to display {max. 100):  Start |0 |%| Stop |20 |z Step |1 2| [¥| Show all profiles

N. Color First Event [ns] Profile Start [ns] Integration Time [ns] Event Count =

4] - 520,000,850 520,000,850 49,975 2,179
1 620,000,700 620,000,700 49,975 2,098
2 720,000,550 720,000,550 49,975 2,288
g - 820,000,750 820,000,450 49,975 2,175
4 920,003,425 920,000,325 49,975 1,902
5 - 1,020,006,175 1,020,000,200 50,000 1,994
6 - 1,120,008.800 1,120,000.075 50.000 2,124
7 - 1,220,001,175 1,219,999,950 49,950 1,968

- 1,318,999.825 1,319,999,825 49,975

- 1,419,999,700 1,419,999,700 49,975

1,520,000,175 1,519,999,575 49,975

1,619,999,475 1,619,999.475 49,925



Classes of problems

Some problems are global to the readout system, for example if
the event rate is too high then the readout does not fail gracefully.

Some problems affect only the PS or SPS instruments, or indeed
only one particular instrument.

None-the-less | have listed the problems by instrument, there is
some repetition.




PS Vertical poor sensitivity at injection

At injection the beam is relatively close to the detector. As a result
the ionization electrons are not accelerated sufficiently to be
detected.
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PS Vertical poor sensitivity at injection

At injection the beam is relatively close to the detector. As a result
the ionization electrons are not accelerated sufficiently to be
detected.

Solutions:

« Increase the cathode voltage — not possible with the current design

Fit sensors with a thinner entrance window, as has been done for the
SPS instrument. The current PS instrument design requires edgeless
Sensors
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PS Beam loss

At certain points in some cycles there can be significant beam loss

This saturates the Tlmeplx and the readout and subsequent proflles

are not acqwred
m-——

Acquisition Time: 2024-07-25 17:38:34
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PS Beam loss

- At certain points in some cycles there can be significant beam loss

- This saturates the Timepix and the readout and subsequent profiles
are not acquired

BLM Chart (RING) | BLM Chart (TT2-EAST) |




PS Beam loss

At certain points in some cycles there can be significant beam loss

This saturates the Timepix and the readout and subsequent
profiles are not acquired

Solutions:

. | don’t think there is way to clear the events that are queued up inside
the Timepix (Xavi?)
Do the ToT filter in the FPGA, reducing the load on the readout
Automatically close the shutter when many events are seen

Implement a more complex acquisition timing So we can acquire
through the cycle but skip the periods of beam loss




Tuning of the Integration windows

If the integration window is too long, the readout is saturated, too
short and there are not enough events for a good profile

First step is for an expert to tune the settings for each cycle
But there can still be problems caused by beam loss, and the event
rate varies with the residual gas pressure

We could implement something to automatically close the shutter
after a certain number of events have been received. We would
then need to normalize the profiles against the true integration

window size.
- Beam loss events have a different ToT compared to the ionization

events.




Tuning of the Integration windows
Beam -

loss
Current Constant integration
scheme periods and interval
SkKip some Manually select
windows windows to be skipped

Reduce Automatically close the
windows shutter early




PS Noisy pixels

Noisy pixels quite frequently appear and then overload the readout
and distort the calculated profile values

Interestingly, this is much less of a problem with the SPS, either
the Timepix and sensor quality has improved with time, or maybe
beam loss into the detectors is responsible.

Juri is implementing an automated procedure to detect noisy pixels
during the Zero cycles, and then mask them.

Extra pixels masked so all

Mask generated Mask for RE Mask of auto- columns have the same

during |::> <hicld |::> detected noisy |::> number of masked pixels,

equalization pixels equally distributed across
super-pixels




SPS 3rd magnet

It was hoped that a doublet magnet configuration would be
sufficient. This saves money and power.

However, it causes an unacceptable displacement of the beam,
particularly in the vertical location.

As a result, the vertical magnet cannot be energized, and the
horizontal magnet is running at less than nominal field strength.

During YETS24/25 3" magnets will be added to both instruments,
creating a symmetric triplet configuration.




SPS EMI

For the SPS this is the biggest problem.

Certain beams, AWAKE, LHC25NS cause us to lose
communication with the Timepix detectors.

The detectors (usually) have to be reset and re-configured before
they can work again. This takes a few seconds.

The result is that the instruments are un-useable if any of these
beams are being played.




SPS EMI — possible mechanisms

It could be beam loss causing SEUSs, but we think that’s unlikely
because we don’t see any beam loss.

The loop area of the power wires is rather large, but we don'’t see
greater disturbance on the sensors with longer wires, and a simulation
of the expected effect showed that only a few 100nA should be
induced into these power wires.

But perhaps there are some gaps in the real Faraday cage which are
not captured by the simulation.

There also could be coupling of electrical noise to the Timepix,
perhaps picked up by the cathode, or perhaps directly from the beam




SPS EMI - planned investigations

Daniel Valuch and the CERN EMC lab are able to produce a signal similar to
that produced by the beam, albeit with about 10% of the power.

We plan to test a spare BGI with this facility, if we can reproduce the problem
then it will be easier to investigate it.

For a first test we want to measure the coupling between a simulated beam
and the power bus-bars. Later we plan to install the full readout near the EMC
lab to make live measurements.

I’'m also waiting for a tunnel access so | can try some of the following:
Improved earthing of the Front-End box
Disconnect the HV from the cathode and ground the cathode
Add a filter to the Timepix low-voltage power supply
Disconnect the bias because it could be that the shield is introducing noise
Connect a spare coax to the DAC output to monitor the Timepix power rail




Tuning of the Integration windows

As for the PS, although beam loss is not a significant problem in
the SPS




Various minor problems

When we don’t receive a profile, it is difficult to understand why, this is
something we are trying to improve with extra status and error flags.

Sometimes we get one profile with zero events, but the other profiles
are correct. Current work by Gabriela on the allocation of events to
integration windows should fix this.

Gabriela suspects that somehow some TO interrupts get missed,
leading to acquisitions with no events.

In the SPS there is a 20ms error in the reported CTime, we know why
and will fix it.

We haven't tried to make measurements with the SPS in coasting
mode yet.




SPS Detector overlap

Unlike the PS design, the SPS instruments have a small overlap
between detectors. This facilitates detector-detector calibration.

The generated profile does not yet take this into account, so the
prOfiIeS appear Iike this: Acquisition Time: 2024-07-29 08:55:37




PS Problems summary

For the Vertical instrument only, when the beam is close to the
detector, we have very poor sensitivity to the ionization electrons

If beam loss occurs while the shutter is open, then subsequent
profiles are lost
Noisy pixels appear frequently and disrupt the profile

The integration time needs to be tuned to avoid having too many or
too few events

Various minor problems




SPS Problems summary

Both instruments need a third magnet, especially SPS-BGIV

Both instruments suffer an electrical reset in the presence of
certain beams

The integration time needs to be tuned to avoid having too many or
too few events

Various minor problems




