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BLM lonization Chamber

At the beginning of Run 2, BLM LHC system had 3929 monitors LINAC2 had 5 IC
3518 lonization Chambers (IC), 108 LIC and 191 SEM LINAC 4 installed 24 IC

~100 ICs in PS

BLM PSB system had 32 installed IC and 32FIC.



Design criteria and specification

The design of the LHC type beam loss monitors is based on the experience gained with the SPS BLMs, which have been in operation last 40 years.
Signal speed and robustness against aging were the main design criteria.

lonization Chamber : parallel aluminum electrode plates separated 0.5 cm ( for ESS 0.54).

The detector is about 50 cm long (electrical and vacuum, active parts) with diameter of 9 cm, sensitive volume of 1.5 liter, insulated.

Each monitor is permanently sealed inside a stainless-steel cylinder. The quality of the welding was a critical aspect during production.

The chambers are filled with Nitrogen at 100 mbar overpressure.

To avoid radiation aging (electronegative gases, organic compounds), up to 2.108 Gy in 20 years, production of the chambers followed strict UHV
requirements and strict cleaning procedure.

No gain variations are expected on the LHC BLMs for 20 years of operation.

The chambers are operated at 1.5 kV and are equipped with low pass filter at the high voltage input.

BLMs have been manufactured and tested at the Institute for the High Energy Physics (IHEP), Protvino, Russia, following their development at CERN.
IHEP designed and built the UHV production stand.

Due to the required dynamic range of 107,the leakage current of the monitors has to stay below 2 pA.

Several tests during and after production were performed at IHEP and CERN. And high quality during the whole production period was achieved.



Detector description

61 circular parallel plate Al electrodes
HV = 1500V
1.5 N, gas (1.1 bar pressure)

Sensitivity: 5.26 x 10~ C/Gy derived from
* p(N,) =1.2 kg/m?
= W =34.8 MeV (avg energy for ionization)
Dynamic range (107 limited by:
= Leakage current (1-2 pA)
= Saturation effects (space charge)
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CERN: materials
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Protvino: vacuum stand

Heating of the chambers started after the pressure had reached 2 -:10-5 mbar. The
temperature of the chambers was increased at a rate of 50 °C per hour and kept at
220 oC for 6 hours. Then, the heating was switched off and at about 100 °C and a
pressure of 5 - 10-10-6 mbar the ion molecular pump was switched on and kept
pumping during 20 hours to further reduce the pressure to a final value of 10-8 mbar
before filling. Chambers were filled with 99.999% nitrogen at 1.1 bar at a
temperature of 20 °C. After pinch-off (annealed Cu-tube) and removal of the
chambers from the vacuum stand, the nitrogen is pumped from the stand during one
hour (test of the tightness of all pinch-offs remaining on the stand). To control the
purity of the nitrogen, the composition and residual gas pressure was measured.
Analysis of the residual gas spectrum shows a typical spectrum for this type of
vacuum stand and gives evidence of the absence of additional pollution from the
nitrogen gas.
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MTF Application - Folder: Propeties Page 1 of 1
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Protvino & CERN: database
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After transport of the monitors to CERN by lorry, reception tests were performed at CERNs gamma irradiation facility (GIF in 2009 and

GIF++in 2017).

Acceptance test at CERN

For the IC they consisted of a) leakage current measurements and b) measurements of the signal induced by the radioactive source.
For GIF the 15 monitors were placed in a special support at 1.4 m transverse to the flux of the radioactive source 137 Cs (98 GBq, 4.7

mSv/h), the geometry leading to a difference in flux of +/- 5% between the 15 monitors. T

The measurements are recorded in the MTF equipment database. In 2019 out of 4259 IC arriving at CERN only 20 did not pass the

reception tests.

2009 test results
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2017 GIF++ CERN acceptance test
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CERN: Insulation and shipping




BLM at ESS

3. Radiation source calibration test

4. Radiation source test (before startup):
Placing a radioactive source (mobile irradiator) on the monitor
and reading the induced signal by icBLM electronics, DB

1. Arrival and visual inspection

2. Leakage current test



Detector performance at CERN
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Charge (C)

lonization Chamber: CERN HRM and Saclay’s test

plot of the integrated charge (over 40 us), Sep 2015 at HRM
black = IC, green = FIC, red =LIC

1 I ndf 9.269e-17 /15 | x*/ ndf 2.653e-14/15
x10° | p0  1.174e-09+1.241e-09 | p0  1.385e-08+ 2.099-08
1.8 pi 2.1e-21+5.326e-23 | p1 3.67e-20 + 9.014e-22

IC responses lonization Chamber test

Responses calculated with pico Ammeter validation for LIPAc

measurement of all ICs are tabulated with 5°Co y of 1.25 MeV
below and shown on the right
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BLM at ESS linac

icBLM detectors positions are chosen in accordance with maximum beam loss locations,

The number of ionization chambers and to minimize crosstalk. Because the ionization chambers are nearly point detectors,
deployed per LINAC section is summarized their location must be chosen to allow full coverage without blind spots.
. For diagnostic use, the detector layout should also allow determination of the loss origin Operational
in the table and accidental losses are based on ESS-0044760:
. “A guideline to operational and accidental absorbed dose rates in the ESS accelerator tunnel” by Lali Tchelidze.
LINAC section Number Comment . . ) . . . . : .
Detectors will be installed outside cryostats and will have an option as mounting flexibility (mobile monitors).
_Of - Normal operational 1 W/m proton beam loss was considered.
lonization This was derived from hands-on maintenance criteria for high intensity proton machines
chambers and was adopted at ESS as a maximum allowable operational beam loss.
The beam loss was simulated as a homogeneous uniform loss around and across the vacuum beam pipe,
5 1 per Tank with a shallow angle.
52 Additionally, a full point beam loss was considered for 2 GeV on a vacuum beam pipe
Medium Beta 36 as an accidental beam loss.
High Beta 84
HEBT 45 3 per g-pair
Dog leg 21 3 per g-pair
2 1 per dipole 1,00E+01
15 DTL " @50cm = @110cm = @190cm
6 p—
266 -E 1,00E+00
()
=)
S 1,00E-01
S Medin 1,00E-02
J J b 1835 6835 11835 16835 21835 26835 31835 36835

Position z [cm]



ESS SCL—icBLM

* lonization chambers (ICs) developed for LCH BLM — primary BLMs in SCL

* Photon background due to the RF cavities must be taken into account when using ICs a linac

* Bckg. mainly due to el. field emission from cavity walls, resulting in bremsstrahlung photons
created on cavities/beam pipe materials.

* Levels are difficult to predict numerically — they depend on the quality of cavities, operation
conditions and time.

* Energy spectra estimation: photons with energies up to tens of MeV can be expected.

* Plan to asses this experimentally as well.
BLM tests in Uppsala (September 2017), Steve M.
Test in Saclay
Test in Los Alamos (November 2017)

* LHC IC sensitivity to photons:
“cut off” at transversal photon and electron incidence ~2MeV (~¥30MeV for p and n)

* Background sampling and subtraction in the signal processing necessary.
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Conversion factor

Energy Cut-off

Electron and lon
drift time

Dynamic range

Less than 1-2 pA
5.25 E-5 C/Gy
*Protons, neutrons ~ 30 MeV

*Electrons, photons ~ 2 MeV
Electrons:

1/e fit of maxis ~ 50 ns,

all electrons collected is ~300ns
lons:

1/e fit of max is ~ 83 microsec,

all ions collected is ~300 microsec
Chamber’s current is 107, in range ~50 pA to 0.5 mA



