Beam Experiment No. 250: HEBT Resonant Transformer tests

Spokesperson: A. Reiter, M. Witthaus, H. Brauning F-\IR ||
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detector voltage Hie e Detector response to ~1 nc beam charge:

Damped 21 kHz oscillation (,,resonant®

No signal acquisition; unknown data quality trafo) of 2 Volt amplitude

New DAQ system:

FAIR hardware: new head amplifier; 4 chan-
nel connector box; u.TCA ADC and CPU

FAIR software: FESA class e
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GTESDTIC (ESR injection; GSI RT)

GHTPDT1C (HTP; new FAIR RT)

Test beam times: WWWWWWWWWMMM‘ 0
Parallel to SIS18 — ESR transfer = oscillation

Range: 100nC
0.0150

ge: 100nC 2)

Online display of FFT spectrum or trend of
charge values for selected beam

‘Amplitude

Dedicated shift: HTP, 8th July 2025 © | frequency
Results: = _ ) N Frequeney o)

» Detailed Status

21:07:53- INFO [14 May 2025 19:07:50,708] ) - update pattern lst

DAQ system including software with stable
operation and good signal quality Next steps:

Added noise/distortion (10 — 100 kHz) during Detailed analysis of data
some experiments due to magnet power Production of hardware for FAIR and GSI detectors (head amplifiers, connector boxes)
supplies, etc. Upgrade of GTE1DT1C, GHHTDT6C, GHHDDTAC in 2026 for FCC operation

FAIR GmbH | GSI GmbH



HEBT Resonant Transformer tests
in HFR TES beam line FAR ==1r

GSI HEST — Machine Experiments 2025

A. Reiter, M. Witthaus, H. Bfaunmg S )/
1st Dec. 2025

Use case:
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efficiency g, /

HEBT transmlssmn ef |C|ency
//




Motivation F-\IR == 1

Existing GSI DAQ 30 years New amplifier & DAQ system acc. to FAIR standard
Old, outdated and unreliable New head amplifier: 5 ranges (1 nC — 10 puC), full scale output = +/- 2 V
Delivers only digital charge value based on peak External calibration hardware (injection in dedicated windings)
detector in front-end amplifier; 4 channel connector box
No monitoring outputs UTCA crate with CPU, 100 MSa/s 14 bit ADC (+/-5 V, 0.5 V, 50 mV),
No raw signal acquisition; unknown data quality I0-board, FTRN timing receiver

Software: FESA class with standard interfaces (LSA, saft-lib, etc.)
FAIR: ES(6 RTs), FS(8), FS+(0), FS++(4), MSVC(8)
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Trafos FCT & RT @GSI HEST
Status 2025
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GTESDTI1C
Commissioning measurements 2025 F'\IR iI= 5= 1L

Measurement programme
Noise level (with/without beam, i.e. machine cycle)
System response
Range check
Minimum detectable signal
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1. Noise level

No beam — ADC data & FFT, R

ADC input:

30 MHz analoge bandwidth
+/- 5 Volt at 14 bit

1 ADC unit = 0.6 mV

Full ADC bandwidth:
Noise level ~ 18 mVpp

Some 4 kHz distortion from
hardware power supply

Added noise/distortion during
some experiments due to
magnet power supplies, etc.
(10 — 100 kHz)
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(@ NoMachine - sddsc216
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1. Noise level

No beam — Processed data, R =10 nC

Data processing involves conversion
to voltage signal and frequency filter

DC offset eliminated in FFT
Frequency filter: cut at 1 MHz in FFT

Result 1: effective noise level (under
ideal conditions)

V=4/-1mV
Vpp =2mV
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FAR ==

% Agilent InfiniiVision Oscill... @Xfce4-termma\
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2. System Response

RT oscillation — comparison to theoretical RLC model

FAR ==

RT response to beam excitation is a damped oscillation at ~ 20 kHz and decay time constant given by inductance L and total loss R.

Some ~3% deviation at start of RT response (1st period). Measured response in good agreement with theory.
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Result 2: Measurement system (RT sensor, amplifier, cable transmission, connector box, ADC) seems to work correctly.
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3. Range check
1 nC beam,R=1nC F'\IR == 1
Expected amplitude ~ 2.0 V

(@ NoMachine - sddsc2

Applications = M Resonant Transformer @ ... [€) Thunar % Agilent on Oscill... [3@) Xfced-terminal E® 0Op A’

Resonant Transformer @ PRO (on asl752) AT,

Software analyses several RT Expert: GTE5DTLC

maxima and minima to calculate 5 e - i
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= SEAE T |trace Data: | Processe v | scale:| 2.45 V - | + | zoom — Charze

Processed data: DC excluded . T el e i
and upper Ilm't l MHZ [ SIS18_ESR_Bi_20250508.C1 | i .
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position £ 000 H N ﬁw;

& 050 q
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The resulting amplitude envelope ,
is shown as red line on top of the
processed data.

-_;imu

» Detailed Status

18:37:44- INFO [14 May 2025 16:37:41,869] () - update pattern list
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3.R heck
1'nC beam, R = 10 nC FAR ==u

Expected amplitude ~ 0.2 V

(D NoMachine - sddsc216 = X
® 0Ea

Agilent InfiniiVision Oscilloscope MSOX
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3. Range check F-\IR
1 nC beam, R =100 nC I= 5= 1L
Expected amplitude ~ 0.02 V

=20 mV B e e - x

® 06 A
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RT Expert: GTESDT1C
1 . v || @ | 2025051421083
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3. Range check
1 nC beam, R =1000 nC

FAR ==

Expected amplitude ~ 0.002 V
=2mV
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Applications

Resonant Transformer @ PRO (on asl752)

RT Expert: GTE5DT1C
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3.R heck
1'nC beam, R = 10,000 nC FAR ==u

Expected amplitude ~ 0.0002 V
Z02MV e e

Resonant Transformer @ PRO (on asl752)

RT Expert: GTESDT1C

H d e i Le v || @ | 20250514 2021558
No observable ADC S|gna| Device Control Last Acquisition:2025-05-14 18:09:57.144  SIS18_ESR_Bi_20250508.C1 FAIR SELECTOR.C=16:T=504:5=9:P=2 Integrated Values
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» Detailed Status
A

20:09:17 - INFO [14 May 2025 18:09:15,006] () - update pattern list
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4. Minimum detectable signal F-\IR

ADC spectrum —raw data (5 ms), R=10nC I= 5= 1L
ADC spectrum shows a weak

oscillation and some 5 kHz N ) .

noise Applications * i Resonant Transformer @ ... € Thunar % Agilent InfiniVision Oscil.. [ Xfced-terminal

Resonant Transformer @ PRO (on asl752) A _ @ X

RT Expert: GTE5DT1C

H G e i Lel ~ || @ | 20250513 13:4024
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Trace Data: | Raw v | Scale:| 50.00 - | + | zoom: @.}..—.I Charge
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» Detailed Status
1340:18- INFO [13 May 2025 11:40:15.401] () - update pattern list Py
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4. Minimum detectable signal

ADC spectrum — processed data (5 ms), R=10nC

(@D NoMachine - sdds<216

Voltage signal

Applications * M Resonant Transformer @

@ Thunar

% Agilen

Xfced-terminal

Resonant Transformer @ PRO (on asi752)

RT Expert: GTE5DT1C

E0 0fa

H H e i

Last Acquisition: 2025-05-13 11:40:36.668

Device: GTESDTIC -

ESR via TE (FAST)

Process

Range: 10nC ~

Actual Range: 10nC (3)
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Acquisition Status
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Ml ]

2025-05-13 13:40:40
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H H e 111

Processed data after filtering

Last Acquisition:2025-05-13 11:40:36,668  SIS18_ESR_Bi_20250508.C1 FAIRSELECTOR.C=16:T=504:5=0:P=2
Device: GIESDTIC -
Trace Data Scale: | 0.007 M - | + | zoom: [38|efe] e [T
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Process
Range: 10nC - (Y
Actual Range: 10nC(3)
0.0025
: I
=
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2 0.0000
2
3
| SystemStatus IR
Module Status
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0.0050
Acquisition Status
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# points: 0 Charge: 0.00E+00 +- 0.00E+00 C Lifetime: 0.0000 +- 0.0000E+00 ms
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4. Minimum detectable signal

Processed data—t =[1.6,2.7] ms, R=10nC

Oscillation of 5 mV amplitude is
clearly detectable

SIN ~ 4 (S =amp, N =Vpp)

(@D NoMachine - sdds<216

Applications * M Resonant Transformer @

@ Thunar

% Agilent InfiniiVision Oscill.

Xfced-terminal

Resonant Transformer @ PRO (on asi752)

RT Expert: GTE5DT1C

FAR ==

- x

) o H(He il
Result 4: Estimate for minimum

signal:
~2 mV ~1E-3 full scale
~10 pC for 10 nC range
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Actual Range: 10nC (3)
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Acquisition Status
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» Detailed Status
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13:40:18- INFO [13 May 2025 11:40:15,401] ()- update pattern list
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gl':'n[])rg\?erlyopment FG\IR iI=5= i

RT Expert: GHTPDT1C
D @ weamone
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