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Plan of STF-2 beam operation
KILCARY I LRFED/NLAK, beam intensity COIBERH Ex % B 4Z
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F.Y.2019 F.Y.2020 F.Y.2021 F.Y.2022 ILC spec.
Item ~100psec pulse X 7 beam power
Max. beam energy [MeV] 500 500 500 500 500 GeV
Max. beam intensity [puA] 0.30 3.00 3.00 215 21.0
Max. beam power [kW] 0.135 1.350 1.350 9.675 14 MW
Max # of bunch / train 1000 1000 16260 118048 1312
Bunch spacing [nsec] 6.15 6.15 6.15 6.15 554 nsec
Max train length [usec] 6.15 6.15 100 726.00 726.848 usec
Max. RF repetition rate [Hz] 5 5 5 5 5 Hz
Bunch charge [pC] 60, 600 36.90 35.66 3.21nC
Bunch current [mA] 9.756 97.561 6.00 5.799 5.8 mA
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* +|LC targetD MNELEE TOHE —LAN3E: 31.5MV/m

parameter Beam Energy | Pulse length | Bunch charge | Rep. rate
[MeV] [usec] [pC/bunch] [Hz]
5

FY.2021 36.9
E— L EEE#E2021 312 98.4 26 5
FY. 2022 500 726 35.7 5

E—LEERFELEF2022 293 726 35.0 5




Achievable Accelerating Gradient
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. . . E— LR . E—LBR
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L4 ﬁmiﬁﬁg}ﬁﬁé U=w il U=w il REE
ENERGY (MeV) 45 450 313.66
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Average Current : ~19.2 uA
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Cavity Monitor (CM1,CM2a) BEAM ON LINACE—FK 2022/12/02 16:16:84

AENDE
o I:IJ;J =N NIV #l #2 #3 #4 45 #6 47 48 49 #10 #11 #12

Pf(W): 201.32kW 260.58kW| 116.34kW  51.30kW 385.9TkW 3TTkW,  29.57kW  174.22kW| 276.45kW 216.9TkW 183.04kW 223.68kW

o

o

Pf Eacc(MV/m): 58.99 63.89 85.39 3173 71.55 NaN 23.34 54.25 66.60 61.52 60.36 63.11
PHW): 7.75W 8.24W  1.84mW 847.22mW 13.34W 360.74uW 328.9TmW 6.35W 7.00W 6.22W 6.87TW 4.85W
Pt Eacc(MV/m): 27.38 32.01 0.54 9.01 38.96 0.18 6.51 25.86 33.40 29.15 27.62 26.09

E-Pulse(mv):  117.000 156.000 126.000 123.000 247.000 146.000 140.000 140.000 632.000 472,000 3737.000  687.000
E-Charge(mV):  104.000 210.000 111.000 104.000 231.000 270.000 200.000 160.000  1088.000 733.000 13852.000 1234.000
Arc(mV):  192.000 193.000 201.000 199.000 203.000 221.000 219.000 199.000 165.000 145.000 168.000 171.000

Helium Vacuum Power—————— [Radiation
flowrate 2K 56.550 m/hour Capture Upstream  4.45E-T Pa KLY3 E Pf 1.28MW Low High
float rate 5K -0.500 m*/hour Capture Downstream  2.25E-7 Pa KLY3 T Pf 1.34MW Up: 17.320 msv/h 70.911 uSv/h
HeatLoad 2K 66.179 W Capture Input coupler ~ 9,13E-7 Pa PtEaccsum 256,73MV/m Mid: 28.256 mSv/h 777.988 usvjh
Pressure 2K: 3.01 kpa Capture Inner conductor  4.63E-8 Pa PtEaccave. 21.39MV/m Down: 9.739 mSv/h 380.974 usv/h
Pressure 4K 124.53 kPa CM1 Upstream  1.46E-T7 Pa Input Volt 83
| CM11 t I 3 -6 P
Level 4 32.84% e c;”" e 3.90E-6lka PtEaccffm 240.48MV/m Feedback
Level 2K 54.58 % CM1 Inner conductor 2.33E-8 Pa pteacchve. 30.06MV/m Feedback ON
Level CM2aEnd 19,90 % CM2a Downstream  2.38E-T/Pa : Ref Power 25.70
CM2a Input coupler 1.49E-6Pa -
Tempe:KaPE:re 464l x CM2a Inner conductor ~ 3.55E-8 Pa - El m Beam
)} . Fluxeate BH1: 0.12 MeV/c NaN Mev
80Kanchor#l: 126.750 K g X Y z BH2- 293.47 Mevje 292.96 Mev
80Kanchors2: 143,150 K cML 14.57uT  10.09uT  -7.83uT  19.38uT  65.06K
cM2a:  3.01pT  9.71uT  3.68uT 10.81uT  106.94K
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Summary
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ILC Project

* Higgs factory machine (250 GeV @E,)
+ Superconducting cavity/cryomodule technology as mass production
« ~750 Cryomodules (challenging number, but not impossible!)
»Nano beam technology &
+ Candidate site: Kitakami in Japan
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Vertical Test 35 MV/m 0.8 x 1010 >90% (successful rate)
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Brief history of STF-2 project

Date Content
2010 Fabrication of cavities / power couplers
2011 ~2013 V.T. for 12 cavities / RF conditioning for 12 couplers
Jun/2013 Cleaning up STF tunnel

Jul/2013 ~ Apr/2014

Cavity string assembly (three times)

Oct/2013 ~ Jun/2014

Module assembly (CM1/CM2a)

Jul/2014

Complete certification for High pressure Gas Code

Oct/2014 ~ Dec/2014

15t cool-down / low power test

Apr/2015 ~ Jul/2015

5MW Kilystron / Single waveguide system completed

Jul/2015 ~ Sep/2015

Coupler conditioning at room temperature

Oct/2015 ~ Dec/2015

2m cool-down / high power test (single cavity operation, performance check)

Jan/2016 ~ Jul/2016

Multi-beam Klystron & Waveguide system completed (selection of 8 cavities)

Jul/2016 ~ Sep/2016

Coupler conditioning at room temperature

Sep/2016 ~ Nov/2016

3 cool-down / LFD, Q, measurement, 8 Cavities Operation & LLRF study

Aug/2018 ~ Dec/2018

Beamline construction

Jan/2019 ~ Mar/2019

4t cool-down / Beam commissioning w/ 10+2 cavities , Machine study

Aug/2019 ~ May/2020

CM2a disassembly / Cavity exchange (Cavity #9: MHI-24 — MHI-31) / CM2a reassembly

Jul/2020

Acceptance of pass certificate for high pressure gas regulation

Aug/2020 ~ Sep/2020

5t cool-down / low power test

May/2020 ~ Dec/2020

Waveguide system construction / Upgrade for beam dump system / RF Gun improvement and operation

Jan/2021 High power test for waveguide system / RF conditioning for power couplers at room temp.
Feb/2021 ~ Apr/2021 6 cool-down / high power test, beam operation w/ 12+2 cavities
Nov/2021 Inspection on inside CM1/2a by telescope

Nov/2021 ~ Dec/2021

7t cool-down / high power test, beam operation w/ 12+2 cavities




Beamline components in STF-2 accelerator
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Beam current monitor
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