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Table 1: Upgraded Parameters of the CSNS Accelerator

Parameter Units  CSNS CSNS-1I
Average power kW 100 500
Beam energy GeV 1.6 1.6
Peak linac current mA 15 40
Pulse length pus 500 650
Pulse repetition Hz 25 25+25!
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J. Peng, et al. BEAM DIAGNOSTICS FOR CSNS-II LINAC COMMISSIONING AND OPERATION,
Proc. 13t International Beam Instrumentation Conference, Beijing, 2024

E.M. Donegani a,*, A. Olsson a, L. Page a, M. Ruelas, Design and performance of the
shielded DTL4 Faraday cup for the commissioning of the high-power ESS proton linac,
NIMA, 1057 (2023) 168727
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FCs for ESS linac

< 135221 M < 170442 MHeC—, _— Dogleg
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Source LEBT RFQ MEBT o Spokes Ia Medium B High B HEBT
{} {} I~ G ﬁ {} Dump Line
25 keV 3.6 MeV 90 MeV 216 MeV 571 MeV 2000 MeV

Source+LEBT RFQ MEBT DTL1 - DTL2 DTL3 DTL4 SHIELDED
75 keV t 3.6 MeV 3.6 MeV t 21 MeV ¢ 39 MeV by DTL4 FC

_Beam Parameters | _Unit | ESSDTLL | ESS DTS o

Particle Proton
1. A. Garcia Sosa, et al. STATUS OF TESTING AND
COMMISSIONING OF THE MEDIUM ENERGY BEAM Energy MeV 21 21-74 3-80
TRANSPORT LINE OF THE ESS NORMAL CONDUCTING LINAC,
31st Int. Linear Accel. Conf., LINAC2022, Liverpool, UK Inten5|ty mA 6-62.5 62.5 10-50
2. E.M. Donegani, et al, Design and performance of the .
compact DTL1 Faraday cup for the high-power ESS NCL, Repetltlon Frequency Hz 14 14 1
NIMA, 1047 (2023) 167827
3. E.M. Donegani, A. Olsson, L. Page, M. Ruelas, Design and Macro Pulse Length Ks 50 5 50
perfor.maTnC(.-:- of the shu?lded DTL4 Faraday cup. for the Max. Average Power W 100 324 200
commissioning of the high-power ESS proton linac, NIMA,
1057 (2023) 168727 1.884 1.6485
Beam SIZE(erS, rms) mm ( ’ ) (2-64,1.46)
(3.5325,3.5325)
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ESS linac DTL4 FC Design
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Main part of ESS linac DTL4 FC
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Properties of the fine-grain G-348 isostatic graphite (by MWI Carbon &
Graphite solutions [11]).

Property Value
Density 1.92 g/cm?
Grain size 0.008 mm
Ash content < 150 ppm
Specific resistance 10 mQm
Flexural strength 60 MPa
Tensile strength 42 MPa
Coeff. thermal expansion (20-1000 °C) 5.5.107%/°C
Thermal conductivity (20 °C) 128 W/m/°C
Specific heat capacity (20 °C) 677 J/kg/°C
Young’s modulus 12.3 GPa

(sns

Power density (GW/cm?3)

Material TZM Graphite Copper Stainless steel
FC Component Foil Collector Heat sink Water pipes
Density (g/cm?) 10.22 1.92 8.9 7.75
Poisson’s ratio 0.3 0.13 0.34 0.31
Young’s modulus (GPa) 325 11.5 125 193
CTE (10°% /°C) 4.9 5.5 16.7 17
Isotropic TC (W/m/°C) 118 128 398 15.1
Specific heat (J/kg/°C) 255 677 385 480
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ANSYS Simulation of ESS DTL4 FC
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Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

o: Temperature

Tie: 050005 T Case Mode E I At R Y e PSPSIer Py Conclusion
(MeV) (mA) (us) (Hz) ©Q Q9 (%) (MPa)
1011,9 Max 17,961 Max
st o A opP 21 6 5 1 910 35 0.3 0 OK
e o B NS 21 65 5 14 1550 80 1.3 0 NOR
s g C NS 21 65 50 1 pulse 3718 - - 0 NOK
25%% o D op 39 65 5 14 400 530 0 9 0K
b wa E NS 39 65 50 1 930 1150 0.1 35
F NS 39 6 100 1 pulse 190 260 0 9 OK
G NS 39 65 100 1 pulse 1650 1650 3.8 70
H oP 75 65 5 14 360 790 0 10 0K
I oP 75 65 50 1 610 1012 0 10 oK
J NS 75 6 100 1 pulse 120 160 0 3 OK
K NS 75 65 100 1 pulse 920 900 0.3 25 OK
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Activation of ESS FC and Cooling Water
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Radiation shielding, residual dose rates and air activation
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Residual Dose Rates Calculation for ESS DTL4 FC

7/4MeV Proton (TpA) with 4 Possible Cumulative Irradiation Times
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Controls, operation and measurements
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Operational parameters on the DTL4 FC during Commissioning (C) and

Tuning (T) with 74 MeV protons.
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Mode Current (mA) Pulse (ps) Rate (Hz)
PROBE 6 5 1

FAST-C 6 5 14
RE-TEST 6 50 1
SLOW-C 62.5 5 1

FAST-T 62.5 5 14
SLOW-T 62.5 50 1
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Measured proton current (in mA) by the DTL4 FC as a function of the time, and

corresponding recorded temperature of the cooling water (in C).
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