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1)The ESRF complex

EBS machine

EBS parameters in User-mode:
* Circumference =844 m
* Beam energy =6 GeV
* Beam current = 200 mA
* Typical lifetime = 20h
®» . 35.102electrons
e 4.9-107 lost electrons/second

Linac

/

Booster

/

At injection:

0.5 mA/shot

* 80% injection efficiency

B - 1.8-10°lostelectronsin around 2-3 ms
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1) The Beam Loss Detector (BLD)

« 128 BLDs in the EBS machine + 4 additional BLDs near the RF cavities
* 4 BLDs inthe Transfer Line TL2
8 BLDs in the Booster
- We have 144 Beam Loss Detectors (BLDs) with a 3-mm lead shielding to stop Synchrotron
Radiation to measure electron losses only
Scintillator \

We can use them in:

* Slow mode (1 MQ termination)
during the User-mode

* Fast mode (50 Q termination)
during the injections

Py b
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4 pick-up inputs Trigger input  4x RJ-25 Dip switch panel

Connectors (SMA & RJ-25)

Beam Loss Monitor (BLM) sg@ @ @ o © mm—
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2) Slow Losses in the EBS

During User-mode

The distribution of the slow losses is shown for a 4-bunch user-mode. The filling pattern
and the gaps of the Insertion Devices (IDs) influence the loss distribution.

In this case, ID15 has the smaller gap, therefore the higher losses.
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32 cells along the ring, each cell has 4 BLDs
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2) Slow Losses in the EBS

During User-mode

Lifetime accidents can occur. We see beam losses and vacuum degradation along the ring.

Data from 2021-04-25 23:45:00 to 2021-04-25 23:48:00
standard deviation on the BLDs, max @ BLD #124 (cell 32-1)
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2) Slow Losses in the EBS

During User-mode

Lifetime accidents can occur. We see beam losses and vacuum degradation along the ring.
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2) Slow Losses in the EBS

During Machine-Dedicated-Time

BLDs are particularly useful for machine studies and optimizations.
Losses distribution as a function of the horizontal shaker, with a 5 mA beam and no
aperture limitations (scrapers, collimators, IDs open),
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MDT study performed by the Beam  *°'|
Dynamics colleagues (N. Carmignani,
S. Liuzzo, L. Hoummi, P. Raimondi) .
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h shaker amplitude (V)
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3) Injection Losses in the EBS

128 signals around the machine

At injection, the fast mode (50 Q termination) gives two essential informations: where the losses
occur and the time domain.

2D color display of the Losses

BLD number
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3) Injection Losses in the EBS

128 signals around the machine
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3) Injection Losses in the EBS

Time resolved Beam Losses

As a function of the phase of the Booster with respect to EBS:
* When we degrade the optimum phase, the losses increase

«104 Time resolved Beam Losses at injection: sum of all BLDs
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4) BLDs vs other diagnostics

Total Injection Losses (BLDs) vs Lost Current (Transfer Efficiency System)

Excellent correlation between Lost Current measured with the Transfer Efficiency System and Losses
(BLDs) recorded by two totally different systems.

Total Injection Losses (BLDs) vs Loss current (Trefflite)
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4) BLDs vs other diagnostics

Total Injection Losses (BLDs) vs
Energy Spectrum of the Losses (Radiation Detector)

* The lead-shielded BLDs see only the electron losses.

* The Radiation Detector (Hamamatsu — ¢12137)
measures the energy spectrum of the hitting
radiation. The energy spectrum is linked to several
phenomena, such as Synchrotron Radiation,
multipactoring on the RF cavities, electron loss, etc.

* Analysis are on-going, the preliminary results are
promising.
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5) Injection Losses in the Booster

4 BLDs in the injection section of the Booster

TL1

o

O Energy slits |

‘q\lm e
T ot ”’:’W_’Lj% Mg&%;@f S Sy
QR ) 22, BLD4
IBeam Lossgs at |niectioln: Sum signlr:lls inj-A
reference
700 injection of 4b |
The losses in the injection zone: so0 |
* Injection process (8.5 ms) 0
* Bunch cleaning using the scraper  §
(20-26 ms) that provides high ——& |
bunch purity between bunches Em_\ |
100 4
] o a J%
1 1.5 2 2.5 3
Time (us) x10%

Libera Workshop — June, 10t 2021 ESRF, DIAG group, E. Buratin



5) Injection Losses in the Booster

4 additional BLDs in the extraction section of the Booster

Bumper 1

Septum 2

Beam Losses at injection: Sum signals ext-A
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6) Conclusions

At ESRF, 144 BLDs are now configured in a more optimum manner in the EBS complex.

They have been more intensively & systematically used to show their strong potential in
understanding the nature, distribution and amplitude of the beam losses.

The time-resolved injection losses are now available. Their results agree well with other
diagnostics.

The BLM system is a useful tool during the commissioning of a new ring, the User-mode

operation and for specific accelerator studies. They are an essential diagnostics in a
modern light source.
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