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Introduction

= Heavy ions of very-high (0.1-5 GeV/n) and ultra-high (>5 GeV/n)
energy are available in few facilities outside CERN (GSI, NSRL).

= Key features for R2E tests: long range, stable LET
— can test in air and without de-lidding the components
— can test multiple devices in parallel.
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Introduction

= Heavy ions of very-high (0.1-5 GeV/n) and ultra-high (>5 GeV/n)
energy are available in few facilities outside CERN (GSI, NSRL).

= Key features for R2E tests: long range, stable LET
— can test in air and without de-lidding the components
— can test multiple devices in parallel.

= Focus of this talk: 2018 Pb

ion campaign at CHARM
(IEEE 8939371, 2020) - see
also A. Coronetti’s talk.

= Not covered: 2018 Pb
campaign at SPS-NA, 2017
Xe ion campaigns.

TABLE 1

ION SPECIES, TOTAL ENERGY AND VOLUME-EQUIVALENTLET

VALUES DURING THE 2017 AND 2018 CERN

UHE HEAVY ION TEST CAMPAIGNS

CHARM SPS-NA
2017 2018 2017 2018
129XC 208Pb 129Xe 208Pb
Energy
(GeVimcleony | 638 | 549 | 1975 | 150
Volume eq. LET
(MeVem?/mg) 3.6 80 | 3739 | 88
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https://ieeexplore.ieee.org/document/8939371
https://indico.cern.ch/event/835695/contributions/3503265/attachments/1882097/3101421/CHARM_Calibration.pdf

The 2018 CHARM Pb ion campaign

= First R2E campaign with Pb ions at CHARM in 2018 (=3 weeks):
= E=5.5 GeV/n (LET = 8 MeV-cm2-mg-)

= Spills of =200 ms (‘slow extraction’ from PS) with =108 ions
every 20-40s.

= Devices typically exposed to the primary beam with variable
profile (i.e. width).
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The 2018 CHARM Pb ion campaign

= First R2E campaign with Pb ions at CHARM in 2018 (=3 weeks):
= E=5.5 GeV/n (LET = 8 MeV-cm2-mg-)

= Spills of =200 ms (‘slow extraction’ from PS) with =108 ions
every 20-40s.

= Devices typically exposed to the primary beam with variable
profile (i.e. width).

= Key beam parameters:

= Beam intensity — measured with a fast Beam Current
Transformer (fBCT) and two Secondary Emission
Counters (SECs).

= Beam width — measured with a Multi-Wire Proportional
Chamber (MWPC).
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Intensity measurement (1): fBCT
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= The fast Beam Current Transformer (fBCT) measures the
absolute beam intensity by subtracting the current in ‘signal’ and
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‘noise’ time windows (in- and off-sync with the spill).
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Intensity measurement (1): fBCT
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= The fast Beam Current Transformer (fBCT) measures the
absolute beam intensity by subtracting the current in ‘signal’ and

‘noise’ time windows (in- and off-sync with the spill).

= Limitations:
= Low signal/noise ratio — large uncertainties.

= Only working for fast extraction (spill duration < 1us)
— requires dedicated calibration runs.
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Intensity measurement (2): SEC counters

= The Secondary Emission Counters (SECs) measure the beam
intensity by counting the electrons emitted by the passage of
the beam through thin foils.

S. Bonaldo Master thesis
Foil: 6.35 um Aluminum

with 0.020 um Silver coating '”:’
cathode
0-1500 V

—d [ /[ "
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Is connected to signal through RI
to ground
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Intensity measurement (2): SEC counters

= The Secondary Emission Counters (SECs) measure the beam
intensity by counting the electrons emitted by the passage of
the beam through thin foils.

S. Bonaldo Master thesis

= They must be calibrated: .55 o A
with 0.020 um Silver coating -HV
I=7r-Nggc /K et
Beam / | AN = [ 8 ( \ ]
intensity |[ r coefficient, to be gjérgi%rucr’]is o e
computed for Pb -
jon beams.
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Intensity measurement (2): SEC counters

= The Secondary Emission Counters (SECs) measure the beam
intensity by counting the electrons emitted by the passage of
the beam through thin foils.

i S. Bonaldo Master thesis
= They must be calibrated: ot .35 um Aluminn

with 0.020 um Silver coating -HV
I r N cathode
— ¢ 0-1500 V
SEC \ ///;

/ | e | Y o w
seam [ ]
intensity || r coefficient, to be Number of . 10%tor
computed for Pb SEC counts " ton
jon beams.

= They work for both fast and

slow extraction (not necessarily . . ] m.,l
with identical efficiency) oo o o gound

(\w @ @ @ 5/14
X “~_~f/(

R2E



Position of SEC1 and SEC2 upstream and downstream of
IRRAD on the CHARM beam line.

The fBCT is placed further upstream along the beamline.
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Intensity calibration: fast and slow extraction

= Approach to beam intensity measurement:

1. Measure the SEC calibration factors (i.e. r-coefficients) during
calibration periods with fast beam extraction.

2. Use the SEC measurements with these r-coefficients in regular
slow extraction runs.
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Intensity calibration: fast and slow extraction

= Approach to beam intensity measurement:

1. Measure the SEC calibration factors (i.e. r-coefficients) during
calibration periods with fast beam extraction.

2. Use the SEC measurements with these r-coefficients in regular
slow extraction runs.
calibration period 2 (30/11)

= Two calibration 2500 A
pe”OdS — SEC1 cou“nts —— BCT charges
2000 | —— SEC 2 counts PS charges before extraction [
« 1 (13/11)
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Intensity calibration: results

= Visible correlation

between BCT
charges and -
SEC1-2 counts, =h
despite the large g~
BCT uncertainty.
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Intensity calibration: results

= Visible correlation
between BCT
charges and
SEC1-2 counts,
despite the large
BCT uncertainty.

period 1

Calibration Factors

« SEC1
* 1.23E6 fBCT charges/SEC
ounts (13/11/18
« 1.05E6 fBCT charges/SEC |.
counts (30/11/2018

« SEC2 given to users
« 7.80E6 fBCT charges/SEC
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7.60E6 fBCT charges/SEC

counts = Period 1-2 coefficients consistent within <20%
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SEC 2 counts

SEC1-2 correlation and beamline transmission

SEC 1 vs SEC 2 correlation in period 2
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SEC1-2 correlation and beamline transmission
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= The SEC1-SEC2 correlation is very linear in individual time
periods — small uncertainty of the measurement (unlike BCT).
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nts

SEC 2 cou

SEC1-2 correlation and beamline transmission

SEC 1 vs SEC 2 correlation in period 2

SEC 1 vs SEC 2 correlation in period 1

500 A
trend line: y = 0.138 x + 0.9104
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= The SEC1-SEC2 correlation is very linear in individual time
periods — small uncertainty of the measurement (unlike BCT).

= However, the ratio varies between 0.1-0.16 in different runs.
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SEC1-2 correlation and beamline transmission

SEC 1 vs SEC 2 correlation in period 2

SEC 1 vs SEC 2 correlation in period 1
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= The SEC1-SEC2 correlation is very linear in individual time
periods — small uncertainty of the measurement (unlike BCT).

= However, the ratio varies between 0.1-0.16 in different runs.

= Possible explanation: the beamline transmission changes with
beam properties (e.g width).
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PS extraction efficiency

Rati fthe fBCT o0 o _ Extraction efficiency vs spill number
= Ratio of the .
. o T o . e
measurement in the CHARM  ws| oo o oo cperiod 1{13/11)
beamline and the PS A R R T
intensity before extraction. | “ , swgi \:;.:. LTIy
L k , e N e
= Using ion charge states: Soml T Ao, N, o T b
@ e * °* e o g N . s %o
= PS: 54+ SR PR P
= East area: 82+ e . period 2 (30/11)

Entry

= Large fluctuations due to fBCT measurement uncertainties.
= Different average efficiencies with different beam settings.

= Further investigations are needed to better understand the observed
patterns.
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Beam profile measurements: the MWPC

= Multi Wire Proportional

Chamber (MWPC) to e P
measure the beam rilll i QLo LA P
profile in front of the
devices under test. s
= Gaussian fit to extract ; o;
the beam center and 2 03 3
the Full Width Half
Maximum (FWHM) in S AN |
the horizontal and
transverse planes. "

Position [cm]

= Typical FWHM values in the 4.5-9cm range in different periods.
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ESA monitor cross section at CHARM

= The measurement of the ESA
monitor SEU cross section
uses as input:

Total Modude B Emers - 752753
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= beam intensity

= beam width (to measure the
beam fraction on the monitor
surface)

= number of SEUs
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ESA monitor cross section at CHARM

Total Modube Word Erroes - £71 950

= The measurement of the ESA
monitor SEU cross section
uses as input:

Total Modude B Emers - 752753
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= beam intensity
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= beam width (to measure the
beam fraction on the monitor

_KASTRIOTOU et al.: SEE TESTING WITH UHE HEAVY ION BEAMS

surface) H - "
510‘8
= number of SEUs
107°
Result: gseu = 6-10-2 cm?/bit .
GSI -0.1-1 GeV/n

A
B RADEF - 10 MeV/n
¢ CHARM - Xe 6.3 GeV/n

Consistent with expected LET .
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Summary of the 2018 Pb ion campaign

= First R2E campaign at CHARM with Pb ions with E=5.5 GeV/n
(LET = 8 MeV-cm2-mg-1) following the 2017 run with Xe.
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Summary of the 2018 Pb ion campaign

= First R2E campaign at CHARM with Pb ions with E=5.5 GeV/n
(LET = 8 MeV-cm2-mg-1) following the 2017 run with Xe.

= Spills of =108 Pb ions every 20-40s, FWHM in the 4.5-9 cm
range.
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Summary of the 2018 Pb ion campaign

= First R2E campaign at CHARM with Pb ions with E=5.5 GeV/n
(LET = 8 MeV-cm2-mg-1) following the 2017 run with Xe.

= Spills of =108 Pb ions every 20-40s, FWHM in the 4.5-9 cm
range.

= Beam intensity measured with SEC counters, calibrated with
the fBCT in special fast extraction runs.
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Summary of the 2018 Pb ion campaign

= First R2E campaign at CHARM with Pb ions with E=5.5 GeV/n
(LET = 8 MeV-cm2-mg-1) following the 2017 run with Xe.

= Spills of =108 Pb ions every 20-40s, FWHM in the 4.5-9 cm
range.

= Beam intensity measured with SEC counters, calibrated with
the fBCT in special fast extraction runs.

= Final calibration: 1.05-10¢ charges/SEC1 count, with quite
large uncertainty due to:
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Summary of the 2018 Pb ion campaign

= First R2E campaign at CHARM with Pb ions with E=5.5 GeV/n
(LET = 8 MeV-cm2-mg-1) following the 2017 run with Xe.

= Spills of =108 Pb ions every 20-40s, FWHM in the 4.5-9 cm
range.

= Beam intensity measured with SEC counters, calibrated with
the fBCT in special fast extraction runs.

= Final calibration: 1.05-10¢ charges/SEC1 count, with quite
large uncertainty due to:

= Low fBCT signal.
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Summary of the 2018 Pb ion campaign

= First R2E campaign at CHARM with Pb ions with E=5.5 GeV/n
(LET = 8 MeV-cm2-mg-1) following the 2017 run with Xe.

= Spills of =108 Pb ions every 20-40s, FWHM in the 4.5-9 cm
range.

= Beam intensity measured with SEC counters, calibrated with
the fBCT in special fast extraction runs.

= Final calibration: 1.05-10¢ charges/SEC1 count, with quite
large uncertainty due to:

= Low fBCT signal.
= Variable extraction efficiency and beam line transmission.
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Summary of the 2018 Pb ion campaign

= First R2E campaign at CHARM with Pb ions with E=5.5 GeV/n
(LET = 8 MeV-cm2-mg-1) following the 2017 run with Xe.

= Spills of =108 Pb ions every 20-40s, FWHM in the 4.5-9 cm
range.

= Beam intensity measured with SEC counters, calibrated with
the fBCT in special fast extraction runs.

= Final calibration: 1.05-10¢ charges/SEC1 count, with quite
large uncertainty due to:

= Low fBCT signal.
= Variable extraction efficiency and beam line transmission.
= Possible difference in SEC response in fast and slow spills.
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Future outlook

= Heavy ion test campaigns at CHARM are a great asset for
R2E, to be fully exploited in the future.
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Future outlook

= Heavy ion test campaigns at CHARM are a great asset for
R2E, to be fully exploited in the future.

= Main limitations:
= Large beam intensity, often difficult to control and measure.
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Future outlook

= Heavy ion test campaigns at CHARM are a great asset for
R2E, to be fully exploited in the future.

= Main limitations:
= Large beam intensity, often difficult to control and measure.

= Beam energy fixed to a relatively large value, providing high
penetration but also relatively low LET.
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= Beam energy fixed to a relatively large value, providing high
penetration but also relatively low LET.
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Future outlook

= Heavy ion test campaigns at CHARM are a great asset for
R2E, to be fully exploited in the future.

= Main limitations:
= Large beam intensity, often difficult to control and measure.

= Beam energy fixed to a relatively large value, providing high
penetration but also relatively low LET.

= Possible improvements under consideration:
= Reduction of beam energy to achieve higher LETs.
= Tuning of beam intensity, e.g. down to 102-10% ions/cm?/s.
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Future outlook

= Heavy ion test campaigns at CHARM are a great asset for
R2E, to be fully exploited in the future.

= Main limitations:
= Large beam intensity, often difficult to control and measure.

= Beam energy fixed to a relatively large value, providing high
penetration but also relatively low LET.

= Possible improvements under consideration:
= Reduction of beam energy to achieve higher LETs.
= Tuning of beam intensity, e.g. down to 102-10% ions/cm?/s.
= Tuning of beam profile, up to e.g. 20x20cm.
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Heavy ion range vs LET

Range vs LET in Silicon
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Calibration period 1 (13/11)

SEC counts

period 1 (13/11, 19h40-21h)

35001 —— SEC 1 counts —— BCT charges 3.0
— SEC 2 counts PS charges before extraction
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