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ILC-CR-0020: Helium Storage

« Concern: Long-term (days to weeks) of power
failure after storm or earth quake

 Requirement: He inventory must be preserved,
limited backup (diesel generator) power available
-> no cryo plant operation

« Without operational cryo plant: Helium evaporates
within 3 days; max pressure in cryo modules: 2 bar

* CRis now under review
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SRF ACCELERATOR CRYOGENICS: HE INVENTORY

A change request of He inventory confipuration for the ILC SRF accelerator
cryogenics is provided in focus on helium resource conservation to respond to any
operation and emergency modes, as follows:

+ Helium (He) inventory is simply stored as He gas in multiple buffer tanks (at 20
bar max) at each satellite plant, as a primary concept, enabling quick and full He
resource recovery during any shutdown of the SRF cryogenics including primary
AC power outage,

+  Asacomplementary concept, long-term helium inventory backup is proposed in
liquid/supercritical phase in a dewar/container at a specified station/plant. to
reserve additional He inventory with a fraction of 10 - 20% for the full amount of
He (100%) necessary to the nominal IL.C SRF system operation and to flexibly
link and distribute to each satellite plant with He-gas pipelines.

RATIONALE

+ LHein the ILC SRF cryomodule has to be entirely evaporated within 3 days
because of static thermal load (~ 20 W/CM) and acceptable pressure increase
(limited to <2 bar-abs) in the cryomodules (CMs), in case of any shutdown of the
cryogenics operation (see Fig. 1). Immediate recovery in gas phase is inevitable
by using recovery compressors supported by emergency AC power generators.
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Fig 1




Change of storage concept

« Original concept:
» use 50% gaseous storage at 20 bar, 50% liquid
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« Provide gaseous storage fo 100% of inventory

LHe dewar and BS-He liquefier, deleted,
GHe buffer-tanks, doubled. (6 --> 12)

« Only one liquifier at central location
-> requires (gas) He transfer line in tunnel

« 20 bar gaseous storage: requires compressor (2
bar -> 20 bar) for 3 days

Underground (ML tunnel) Underground (cavem)

CR-009, in 2016 CR-TBD, in 2020 « After that: He storage requires no power
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New Layout

Attachment 5: He Inventory Configuration at CERN LHC P18 (SM18)

v

He Liquefier, if needed,
(30 I/h or 60 I/h with LN2 boost)
Footprint: 50 m2 in total including
Compressor,

Cold box,

Electrical cabinets,

LHe dewar; 2°000 liters, and ¢
Transfer-lines to LHe storage (10m)

Foot-print for B
3 (layers) x 4 = 12 config.

Image. Foot-Print: GHe (2 x 3 x 4) Tanks Configuration.
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(Surface)

He-gas buffer tank
e (12+12)

Cold-bo

260m3 buffer tank o : 5 (12+6)
Weight = 70t /° LHe D .
=4.9m (i i ; b
H=4.3m (including base) £l Dewar (=5 ‘

Weadm, L=23m :| @ (TBD) ;

. Small cold-box

Volume : 43000 L (at 6 buffer tank (250 x 6 m™)

Long-term-backup:
Size : ~ L=12m, W=25m, H=2.6m LHe inventory PM+10
Spec : 0.2 ~ (0.5 % /day Location: IP-DR or PM8

(12+12) I

GHe link pipe-line
e e+ Linac
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ILC-CR-0019 Z-Pole luminosity

Performance of the ILC at the Z pole

« Based on arXiv:1908.08212

« Gives performance estimate for running on the Z

pole

arXiv:1908 08212v3 [physics.acc-ph] 13 Sep 2019
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Operation of ILC250 at the Z-pole

Kaar: Yokayn, Kiyoshi Kuba, and Toshiyaki Glusgi,
High Encsgy Accelerator Remearch Organization (KEK), Jnpan
Aug.27. W19

ILC ({Imternational Linmr Collidor) is undor mesideraticn s tho naxt glakal projact af
particle physics. Hs Tochnical Dasign Raport, publishad in 3013, dmeibos the accdaratar for
the contor-of-mass anrgics sbave AHaV. Tha cparation of [LC at lower comer-of-mass mergics
has mot boen studics intersivady. This mepart. discusses the aperation of tho [LC at a contar-cE-
masm 91 30V and prosnts a powible pammotar s

1 Introduction

When the serives design study of the ILC started in 2005, the first design criterin was *a

contineous mntro-of-mas mongy renge betwsen MM GoVoasd o0 Go¥™ |_TIJIL|I| page d).
Hanes, the TINE guotod the lamincsitios only for the contorcE onorgies st 300, 230, 350
CoV and shove Obvicusly, anee ILC is built, kwer onorgies sach sa Z-polo (01.2GV) and
W-pair thresbcld (1E0GEY) would ha of intorcst, Ehough Hhesa ara not the msin axarmm of LT

In tho hasdine design of ILC the pesitron production schome wing undulator magnots is
adoptad. In this sheme the doctroa beam, bafor going to the callision point, goos through
undulatars to produce photces (over soveral MoV) which crosto positroes on & target. To this
amd th alketron encrgy must be at Joest about 1% CeW. For oporation &t Eqy, = 360 eV
TDR adopted the so-callod 54-5Hz schame!

Tha pemiblitios of 1L aperation at the Z-pole (and Wepair threshoald) was fimt discussod
by M. Walkeri2]. Later, K. Yokoys gave  short report at a workshap 9] These roports gave &
peesiibile luminceity range at the Z-pole by using & sealing law and poited out many challenges
tobe studiad Later.

Tha baminasity is givon by

2

c %’:%np W
whml_r,,‘, is the ropatition mte of the boam pulss, n, the mambor of bumches in & pube, ¥
the oumber af particls por bunch, amd 22, . is the horizontal (vortical) besm st at tho 1P
(imtsrnction. peint). Hp (hamincsity enhancement. factar) sxpreses the siocts af the boam-
beam force. With the optics around the IP flasd, o, is propertional o the squar: oot of
the goomatric emittance Cay. Sineo the guometric aittance is imersdy proporticeal to the
beam onergy, A naive scaling expocts £ o Eos. Howows, the large geomatric emittanes &t ke
emorgis s & langer boam size &t the final quadrapcle EIRENOLS such that the hoam halo
may produca backgrounds to the oxporiments. Such hala usually aro oliminated by
eollimatars in upstream. Howsver, too doop & eollimaticn would csuse Further backgrounds and

“The sleetron linee I operuted 4 0HX: 58 10 acocorwe the beam 10 -~ 150 GeV which producs
posinS and anothor SHI [0 eeEDLLE D Besm 10 Ky, /2 S0T collsion exporiment. This is simelms
refered 1o g “I0HY opersuon. However, there s another 10HE opemtion, In which all sypems, the
Injociom, damping fngs, main lInscs oe., w cperaced an M0HE o make 100 colllsion. Thus, 1o
Alsungsh from the lacuer we sl the former *5 ¢ GHE.

1

e
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EDMS No: Created: 12/12/2019

CHANGE REQUEST
ROSO0BOOREGITRS e ot RATIIEE

NO. ILC-CR-0019

LUMINOSITY FOR OPERATION AT THE Z-POLE

The luminosity at the center-of-mass energy 91.2 GeV has been
estimated based on the accelerator design modified in the Change
Request (CR) 16.

RATIONALE

The possible machine operation at the Z-pole (center-of-mass energy
91.2 GeV) was not mentioned in the TDR but has been considered in a
few occasions (ref.1, ref.2) in the past. These reports discussed the
luminosity scaling with respect to the energy, gave a guess of the
luminosity 1-1.5 x 1033 /cm?s at the Z-pole, based on the luminosity at
250GeV quoted in the TDR, and pointed out several key issues.

Since the positron beam cannot be produced by the undulator scheme
using the electron beam of 91.2/2=45.6 GeV, the above reports adopted
the so-called ‘5+5Hz operation’, which had already been described in
the TDR for the operation below 250 GeV.

In this change request we propose a possible, consistent parameter
set at the Z-pole for the first time.

Since the above reports there have been several changes in the

accelerator design. They include:

1) The center-of-mass energy has been reduced from 500GeV to
250GeV with shorter linacs (~Skm each)

2) The active length of the undulators to produce the positron beam
has been extended from 147m to 231m.

3) The normalized horizontal emittance at the IP has been reduced
from 10pm to Spm by improving the damping emittance from
6um to 4um (CR16). According to this change the luminosity at
250GeV was improved from 0.82 to 1.35 x 10* /cm?/s.

The major concern on the operation at the Z-pole is that the beam

Page 1 of 15
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Accelerator Parameters

 New baseline numbers for performance at the Z
pole

 Change Request has been accepted
« Z pole running is now baseline (for the first time!)

« But: requires additional infrastructure (special line
to dump) for helical undulator source
-> may not be available from dayl on
-> this is not the performance promised / to be
expected for calibration runs
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Table 1. Accelerator parameters at 91.2 GeV and 250GeV
Center-of-Mass Energy Ecv  GeV 91.2 250
Beam Energy Epsw GeV 45.6 125
Beam collision rate T Hz 37 5
Electron linac repetition rate Hz 37437 5
Pulse interval in electron main linac ms 135 200
Electron energy for e+ production GeV 125 125
Number of bunches per pulse I 1312 1312
Bunch population N 1010 2 2
Bunch separation At, ns 554 554
RMS bunch length at IP o, mm 0.41 0.30
Electron RMS Beam energy spread at IP o/P % 0.30 0.188
Positron RMS Beam energy spread at IP o/P % 0.30 0.150
Emittance from DR (x) vePR  um 4 4
Emittance from DR (y) veP®,  nm 20 20
Emittance at main linag exit (x) yeMly  um 5 5
Emittance at main linac exit (y) yeM,  nm 35 30
Emittance at IP (x) Ye'x  um 62 5
Emittance at IP (y) Ye'y,  nm 48.5 35
Electron polarization P. % 80 80
Positron polarization P, % 30 30
Beta_x at IP B mm 18 13
Beta y at IP P am 0.39 041
Beam size at IP (x) o'y pm 1.12 0.515
Beam size at IP (y) o'y nm 14.6 7.66
Disruption Parameter (x) D, 041 0.52
Disruption Parameter (y) Dy 31.8 350
Geometric luminosity Lew  10% 0.95 529
Luminosity L 103 205 135
Luminosity at top 1% % 99.0 74.0
Luminosity enhancement factor Hp 22 2.55
Number of beamstrahlung Iy 0.841 191
Beamstrahlung energy loss Oas % 0.157 2.62
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ILC-CR-0018 Power Estimate

« Power estimate was updated end of 2019

« Small error in spreadsheet was discovered in
calculation of RF power for 10Hz operation
-> power for sourecs and RTML went up a bit

* Final result is now approved
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CHANGE REQUEST | EDMS No: Created: 18-05-2019

NO. ILC-CR-0018 L6365 Last modified: 3-12-2019

UPDATED POWER ESTIMATE FOR ILC-250
The estimate of the total power consumption of the ILC in its 250GeV
configuration and possible later upgrades in energy and luminosity is updated to
reflect design changes since the TDR.

RATIONALE

Power consumption is a key performance parameter of the accelerator. An up-to-

date calculation is needed to assess the performance, also in comparison to other
projects.

SCOPE: WHOLE ILC
VALUE/SCHEDULE IMPACT

Operation cost estimates depend on power consumption.

Requested and Benno List, Akira Yamamoto
prepared by:
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The final result

Updated power estimate for the ILC in different configurations

500 250-A’ 250-A 500@250 500
TDR w/R&D Lx2 Lx2
5 5 5 5 10 5

1312 1312 1312 2625 2625 2625
1.8 1.35 1.35 2.7 5.4 3.6
31.5 31.5 35 31.5 14.7 31.5
1.0 1.0 1.6 1.0 1.0 1.0
470 220 220 220 220 470
107.1 50.1 49.3 53.5 104.3 135.7
4.9 4.9 4.9 5.6 7.7 5.6
9.3 9.3 9.3 10.2 12.4 10.2
14.2 14.2 14.2 22.2 31.0 22.2
10.4 10.4 10.4 13.3 20.9 13.3
12.4 9.3 9.3 9.3 9.3 12.4
1.2 1.2 1.2 1.2 1.2 1.2
5.8 5.8 5.8 5.8 5.8 5.8
2.7 2.7 2.7 2.7 2.7 2.7
5.1 3.3 3.2 4.0 5.6 6.3
Total 173 111 110 138 198 215
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