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Motivation

* The Accelerator community
needs to evolve to more
efficient technologies and
support R&D to reduce total
energy consumption.

« The Accelerator Driven
Systems (ADS) linacs
(E=1GeV, I=10mA) serve as
a good model to chart where
we are now and where we
could be
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Define electrical efficiencies — rf and cryogenics
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Methodo
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Combined published data -> wall plug power required for cryogenic static loads is 7kW/m
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ogy:. Estimated efficiencies for P

Project E (GeV) | (mA) Poeam (MW) # Cav n (%)
PIP-II CW 0.833 2 1.6 119 15
CIADS-P2 0.6 5 3 151 22
J-ADS 1.5 20 30 293 34
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Renormalized projects to 1GeV and 10mA
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Project E (GeV) | (MA) Poeam (MW) # Cav n (%)
PIP-1l CW 1 10 10 131 31.8
CIADS-P2 1 10 10 183 30.4
J-ADS 1 10 10 258 29.1
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Strawman linac for parameter scanning

« Constructed a strawman high intensity
linac with five cavity types

Generic Linac

— 1.0E+07

s /_/—/ « Allowed maodifications of E_, R, detuning,
8 : RF efficiency
= 1.0E+06 Joo000e ./-— )
> . s  Nb3Sn modelled with same parameters
= N ’ as Niobium but operating at 4.2K
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Energy (eV) Nb3Sn-rf @ 70% Ep=40MV/m
__ 50
S o8- "% e fWall
> 40
Type beta-g Ngap frequency Ncav Ncm o —e— Add C-stat
(D)
HWR 0.115 2 1.63E+08 12 2.00 g 30 —e— Add C-dyn
SSR 0.235 2 3.25E+08 36 6.00 E 20 —e— Add other
DSR 0.44 3 3.25E+08 32 8.00 E —e— Beam power
elliptical ~ 0.64 5  6.50E+08 44 11.00 = 10 e Efficiency
elliptical 0.89 5 6.50E+08 52 13.00 g 0 - =® -- Niobium Eff
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Conclusions

 SRF technology allows very high linac electrical
efficiencies despite the cryogenic power requirements

* For high beam intensity | > 5mA, the wall plug power is
dominated by rf power

* Improving the efficiency of wall power conversion to rf
power will have the most significant gain

* Reducing dynamic load by more efficient heat
treatments or materials (Nb3Sn) will have more impact
as rf efficiency improves

~
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Electricity efficiency relatively independant of linac architecture in beam loaded regime



RF and dynamic cryo power

2
: P ow
Required generator Pjen = Z“” (14 B + b)? + 402 <_d>
power p Wo

2
Optimized coupling By = \/(1 + b)2+4Q§ (%)

Wy

For high beam 2 Qo dwq
loading I min beam ( ) « b wy

. . V2
Required cryogenic Piryo = Payn + Psiatic Piyn = 7
power
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Wall plug power Nbeam = Ppeam PW is wall plug power feeding rf,
efficiency PW.,f+ PW r_qyn + PWr_se + PWother cryogenics, magnets, services
~ 2
n . Pbeam/Per ~ nrf/Crf Pgen min - Pbeam (1 ta )
b = =
€U T+ PW o dyn/PWosp + . 1+ PW gy /PWop + - ow.—p St
rf — ¥ gen
nrf
chr—dyn N Nrf P, _ Nrf V p & p T
= = = — = cos
PWrs | o 1D Py (D) (T) IRTpcoS¢ ‘"R b= I IntO®

P Wcr—dyn
PW

1

~ I(mA)
cavity@2K

For Ep=30MV/m and Ro=20nOhm

Conclusion: for | > 5mA the rf efficiency dominates the wall plug
power efficiency

accelerated

Discovery,



