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Chapter 3. Main Linac and SCRF Technology

Figure 3.25
Cooling scheme of a
cryo-string.
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2.5 km distances. Practical plant size and gas-return header pressure drop limits are reached with
189 modules in a 21 short-string cryogenic unit, 2.5 km long.

3.5.2 Heat loads and cryogenic-plant power

Table 3.11 shows the predicted heat loads and resulting cryogenic plant sizes for main-linac cryo-units
comprised of 13 long cryo-strings for the KCS layout (a total of 156 cryomodules) and for 21 short
cryo-strings for the DKS layout (a total of 189 cryomodules). The resulting cryogenic plant capacities
are equivalent to 15.4 kW at 4.5 K for the KCS layout and 19.0 kW at 4.5 K for the DKS (mountainous)
layout. Both sizes are well within the range of typical large helium cryogenic plant capacities.

Table 3.11. Main-linac heat loads and cryogenic plant size [34]. Where there is a site dependence, the values for
the flat / mountain topographies are quoted respectively. (The primary di�erence is in the choice the number of
cryo-plants, specifically 6 and 5 plants for flat and mountainous topographies respectively.)

40–80 K 5–8 K 2 K

Predicted module static heat load (W/module) 75.04 10.82 1.32
Predicted module dynamic heat load (W/module) 58.80 5.05 9.79
Number of cryomodules per cryogenic unit 156 / 189 156 / 189 156 / 189
Non-module heat load per cryo unit (kW) 0.7 / 1.1 0.14 / 0.22 0.14 / 0.22
Total predicted heat per cryogenic unit (kW) 21.58 / 26.40 2.61 / 3.22 1.87 / 2.32
E�ciency (fraction Carnot) 0.28 0.24 0.22
E�ciency in Watts/Watt (W/W) 16.45 197.94 702.98
Overall net cryogenic capacity multiplier 1.54 1.54 1.54
Heat load per cryogenic unit including multiplier (kW) 33.23 / 40.65 4.03 / 4.96 2.88 / 3.57
Installed power (kW) 547/669 797/981 2028 / 2511
Installed 4.5 K equiv (kW) 2.50 / 3.05 3.64 / 4.48 9.26 / 11.47
Percent of total power at each level 0.16 0.24 0.60

Total operating power for one cryo unit based on predicted heat (MW) 2.63 / 3.24
Total installed power for one cryo unit (MW) 3.37 / 4.16
Total installed 4.5 K equivalent power for one cryo unit (kW) 15.40 / 19.01

The table lists an “overall net cryogenic capacity multiplier”, which is a multiplier of the estimated
heat loads. This factor accounts for cryogenic plant overcapacity required for control, o�-design
operation, seasonal temperature variations (which a�ect compressor operation), and uncertainty in
static and dynamic heat loads at the various temperature levels. Note also that cryogenic plant
e�ciency is assumed to be 28 % at the 40 to 80 K level and 24 % at the 5 to 8 K temperature
level. The e�ciency at 2 K is only 20%, however, due to the additional ine�ciencies associated with
producing refrigeration below 4.2 K. All of these e�ciencies are in accordance with recent industrial
conceptual design estimates.

Table 3.12 summarises the required capacities of the cryogenic plants for the di�erent area

54 ILC Technical Design Report: Volume 3, Part II

Main	  Linac	  Heat	  Loads	  &	  Cryogenic	  Plant	  Sizes

flat	  /	  mountain	  topographies

Cited	  from	  ILC-‐TDR
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CERN-‐LHC	  Cryogenic	  System	  

4

Cryogenic plants Cryogenic plants 

1.8 K refrigeration units
(2.4 kW @ 1.8 K)

4.5 K refrigerators
(18 kW @ 4.5 K)

Ph.	  Lebrun,	  Magnet	  Technology	  for	  Fusion	  Training	  School,	  2009
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Helium	  compressors	  for	  18	  kW	  
Helium	  Refrigerator	  /	  CERN	  LHC	  

Compressor	  +	  Motor
	  	  	  	  5	  m	  x	  1.9	  m	  x	  2	  m

26	  m

12.5	  m

6	  m

5

Main	  Linac	  Heat	  Loads	  &	  Cryogenic	  Plant	  Sizes

• 	  The	  helium	  compressor	  is	  installed	  
in	  far	  end	  of	  the	  cryogenic	  cavern	  
• 	  Loca7on	  of	  the	  cavern	  	  is	  ~	  60	  m	  
away	  from	  the	  main	  tunnel	  to	  
avoid	  the	  vibra7on

Hosoyama,	  InternaTonal	  Workshop	  on	  Linear	  Colliders	  2010	  
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CERN-‐LHC	  18	  kW	  Refrigerator	  Compressors

6

Compressor station of 4.5 K refrigeratorCompressor station of 4.5 K refrigerator
(Power input ~ 4 MW)(Power input ~ 4 MW)

Ph.	  Lebrun,	  Magnet	  Technology	  for	  Fusion	  Training	  School,	  2009
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There	  are	  many	  op7on	  of	  layout	  of	  main	  components:
• 	  4K	  cold	  boxes	  will	  be	  installed	  in	  the	  large	  caverns	  at	  the	  end	  of	  access.	  
• 	  Compressor	  units	  will	  be	  installed	  in	  underground	  tunnel.	  

Cooling	  
Tower

2K

Cooling	  Water	  Piping

4	  K	  Ref.
	  Cold	  Box

Helium	  Gas	  
Compressor

SC	  
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2	  K	  Ref.
	  Cold	  Box

4K
MulT-‐transfer	  Line Helium	  Gas	  Piping

2K
MulT-‐transfer	  Line

1	  ~	  2	  	  km

Cooling	  Tower2	  K	  and	  4	  K	  
Ref.	  Cold	  Box

~	  5	  MW	  x	  2	  units

Helium	  Gas
Compressor

SC	  CaviTes
in	  Main	  Tunnel

Helium	  Gas
Compressor

underground	  ?
surface	  ?

Access	  Tunnel

Conceptual	  Design	  of	  Cryogenic	  System	  1

7

Hosoyama,	  InternaTonal	  Workshop	  on	  Linear	  Colliders	  2010	  
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• 	  4K	  cold	  boxes	  will	  be	  installed	  in	  the	  large	  caverns	  at	  the	  end	  of	  access.	  
• 	  Two	  2K	  cold	  boxes	  must	  be	  installed	  in	  the	  caverns	  at	  5	  km	  intervals	  and	  
each	  2K	  cold	  box	  supports	  cooling	  of	  ~2.5	  km	  long	  cryogenic	  unit.
• 	  Long	  mul7-‐transfer	  line	  must	  be	  installed	  in	  the	  main	  tunnel	  to	  connect	  2K	  
and	  4K	  refrigerators.
• 	  We	  must	  carry	  in	  the	  2K	  cold	  box	  and	  distribu7on	  box	  through	  main	  tunnel.	  	  	  

5	  km

4	  K	  He	  Ref.	  

Cryomodule

~	  5	  MW	  x	  2
He	  Compressor	  x	  2	  units	  

2K	  He	  Ref.	  x	  2	  units
Access	  Tunnel

Cooling	  Tower

He	  Compressor	  	  x	  2	  units	  
~	  5	  MW	  x	  2

2K	  He	  Ref.	  x	  2	  units	  

Cooling	  Tower

Access	  Tunnel

Cryomodule Cryomodule Cryomodule

5	  km
2.5	  km 2.5	  km

MulT-‐transfer	  Line

Conceptual	  Design	  of	  Cryogenic	  System	  2

8

Hosoyama,	  InternaTonal	  Workshop	  on	  Linear	  Colliders	  2010	  
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Helium
(liquid liters Tevatron LHC

Volumes modules equivalent) Equiv. Equiv.

One module 1 346

String (flat) 12 4153 0.07
String (mountainous) 9 3115 0.05

Cryogenic unit (flat) 156 54 000 0.9 0.054
Cryogenic unit (mountainous) 189 65 400 1.1 0.065

ILC Main Linacs 1825 632 000 10.5 0.63

Cited	  from	  ILC-‐TDR

Main	  Linac	  Helium	  Inventory
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Helium	  Inventory	  Considera0on

Hosoyama,	  InternaTonal	  Workshop	  on	  Linear	  Colliders	  2010	  

Required	  Liquid	  Helium	  	  	  	  	  ~	  650,000	  L

	  1)	  Storage	  as	  Gas
	  	  	  	  	  	  	  Standard	  gas	  storage	  tank	  	  	  100	  m3	  	  	  	  (Diameter	  3	  m	  x	  Length	  15	  m)
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  1	  L	  	  Liquid	  helium	  -‐-‐-‐>	  0.7	  Nm3	  	  Gas	  helium
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  100	  m3	  x	  18	  (pressure	  ra7o)	  =	  1800	  Nm3	  	  	  -‐-‐-‐>	  	  ~	  2,600	  L/unit
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ~	  100	  m3/unit	  x	  250	  units

	  2)	  Storage	  as	  Liquid
	  	  	  	  	  	  	  Liquid	  helium	  Dewar	  	  	  ~	  50,000	  L	  	  	  (Diameter	  2.5	  m	  x	  Length	  10	  m)	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ~	  50,000	  L/unit	  x	  13	  units
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Vaporiza7on	  	  loss:
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  50,000	  L	  x	  0.5	  %/day	  =	  250	  L/day	  	  	  ~10	  L/hr
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (Small	  refrigerator	  can	  be	  used	  as	  “Baby-‐Si]er”)
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11.4. Asian region (Mountain topography)

Figure 11.7
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11.4.2.3 Access to Underground Areas

Inclined tunnels provide access to the underground facilities. There are 10 access tunnels; six for
the main linacs, two for both ends of ILC, and two for the central region. A great advantage of
access tunnels over vertical shafts is that vehicles can be used to transport people and equipment.
A disadvantage is the long distances involved which a�ect the size of cooling/ventilation pipes and
pumps; an alternative option is to use small-bore vertical shafts, which can be excavated by a boring
machine.

The eight access tunnels at PM-13, -12, -10, -8, +8, +10, +12, +13 along the main linac and
an access tunnel for the damping ring, have a vaulted section with an inner width of 8 m and height
of 7.5 m (Fig. 11.9 left). The tunnel width is wide enough that two large trucks can pass each other
and leave a human escape zone, and the height is su�cient to accommodate large pipes for cooling
water and air ventilation. The IR Hall access tunnel (Fig. 11.9 right) is larger to allow transport
of the detector solenoids from the detector assembly building on the surface. Its width is 11.0 m
and its height is 11.0 m. A damping ring access tunnel is also constructed. Assuming the lengths of
access tunnel, which will be known after a real site and the tunnel routes are fixed, to be 1 km in

Accelerator: Baseline Design ILC Technical Design Report: Volume 3, Part II 185

Cited	  from	  ILC-‐TDR

Typical	  Access	  Hall	  (Cryogenic	  Cavern)
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Chapter 3. Main Linac and SCRF Technology

The main-linac layout is schematically shown in Fig. 3.38. The cryogenic cooling for each linac
(and RTML bunch compressors, see Section 3.5) is provided by a total of five large cryoplants space
approximately SI5km apart. The cryogenic plants are located underground and are accessible through
long horizontal shafts as shown in Fig. 3.39. The cryogenic segmentation is constructed entirely from
‘short cryostrings’ (9 cryomodules or 2 ML units), as opposed to the more economical long strings
(12 cryomodules). This is to accommodate a single design for the local power-distribution system
(LPDS, see below). While use of short strings adds cold boxes and a small length increase to the
linacs, this is o�set by the benefits of having a single LPDS system (both in terms of manufacture
and easier installation).

Figure 3.39
3D rendering of a cryo
cavern and horizon-
tal access way. For
more details see Sec-
tion 11.4.2.

$FFHVV�WXQQHO

&U\RJHQLFV�SODQW
(OHFWULFDO�VXEVWDWLRQ
&RROLQJ�ZDWHU

$FFHOHUDWRU�WXQQHO

The so-called ‘Kamoboko’ tunnel cross section is shown in Fig. 3.40. As noted above, this layout
provides housing for the klystrons, modulators, electronics and related support infrastructure which
is shielded from the radiation environment of the linac. The central-wall shielding is su�cient to
permit personnel access to the service area during operations. RF power is brought in waveguides
from the klystrons to the linac corridor through penetrations in the wall, which include a jog to
prevent line-of-sight radiation. The shape of the tunnel is particularly suited for construction in the
mountainous geology found in Japan (for more details see Section 11.4).

Figure 3.40
Cross section of the
main-linac tunnel cross
section for the moun-
tainous topography
site-dependent design.

70 ILC Technical Design Report: Volume 3, Part II

Cited	  from	  ILC-‐TDR

Cryogenic	  Cavern	  and	  Horizontal	  Access	  Way
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Summary	  by	  Hosoyama	  at	  IWLC2010

15

Hosoyama,	  InternaTonal	  Workshop	  on	  Linear	  Colliders	  2010	  

• 	  Cryogenic	  caverns	  will	  be	  constructed	  at	  the	  end	  of	  the	  access	  tunnels	  at	  
every	  5	  km	  intervals	  of	  the	  main	  tunnel.

• 	  The	  4K	  and	  2K	  cold	  boxes	  and	  distribu7on	  box	  will	  be	  installed	  in	  
cryogenic	  caverns.

• 	  The	  compressors	  will	  be	  installed	  in	  the	  far	  end	  of	  cryogenic	  cavern.
• 	  Large	  amount	  of	  helium	  inventory	  will	  be	  stored	  as	  liquid	  helium	  for	  long	  
shutdown	  of	  the	  cryogenic	  system.

• 	  The	  cooling	  water	  used	  at	  the	  cryogenic	  plant	  will	  be	  supplied	  by	  cooling	  
towers	  constructed	  at	  entrance	  of	  access	  tunnel.	  (	  -‐-‐-‐>	  on	  surface?	  )

• 	  We	  need	  detailed	  engineering	  design	  study	  of	  cryogenic	  system	  
collabora7on	  with	  industry.

• 	  Extrac7on	  of	  heat	  from	  the	  deep	  tunnel	  economically	  is	  key	  issue.
• 	  We	  need	  more	  study	  including	  new	  idea.
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Cryo-string (12 cryomodules, ~154 m)
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FIGURE3.8-2. Coolingschemeof a cryo-string

The Þrst phaseseparator is usedto stabilize the saturated liquid produced during the Þnal
expansion. The secondphase separator in used to recover the excessof liquid, which is
vaporized by a heater. At the interconnection of eachcryomodule, the two-phaseheader is
connectedto the pumping return line.

The division of the Main Linac into cryogenicunits is driven by various plant size limits
and a practical size for the low pressurereturn pipe. A cryogenicplant of 25 kW equivalent
4.5 K capacity is a practical limit due to industrial production for heat exchangersizes
and over-the-roadshipping sizerestrictions. Cryomodule piping pressuredrops also start to
becomerather large with more than 2.5 km distances. Practical plant size and gas return
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3.1. Overview of the ILC Main Linacs

Figure 3.1
Schematic of the Local
Power Distribution
System (LPDS) which
delivers RF power to
13 accelerating cavities
in the main linacs;
(a) and (b) show the
KCS and DKS options
respectively.

equipment located in surface facilities where the klystron power is combined (up to 300 MW) and
transferred through overmoded circular waveguides to the linac tunnel below. The tunnel, which
is about 5 m in diameter, mainly contains the cryomodules and waveguides with some electronics
(e.g. quadrupole-magnet power supplies, LLRF monitoring and control electronics) that is housed in
radiation-shielded, 2 m-wide racks under the cryomodules.

The tunnels are assumed to be deep underground (≥100 m) and connected to the surface through
vertical shafts (flat topography) or sloped access routes (mountainous topography). The number,
location and size of these shafts or access-ways is determined by the maximum length of a cryogenic
unit (and maximum available size of a cryoplant, see below), and, in the case of KCS, the maximum
distance over which the RF power can be realistically transported via the large overmoded circular
waveguide (Section 3.9.3).

The cryogenic segmentation of the main linacs is organised as:
• an ML unit which consists of three cryomodules in a Type A – Type B – Type A arrangement

(26 cavities and 1 quadrupole package);

• a cryo string, which consists of 4 ML units (long string with 12 cryomodules) or 3 ML units
(short string with 9 cryomodules), followed by a 2.5 m cold-box;

• A cryo unit comprising of between 10 to 16 cryo strings, with the final cold-box being replaced
by an 2.5 m service box.

Figure 3.2
Basic cryogenic seg-
mentation in the main
linacs. Note that the
length of the cryo units
varies depending on
the number of strings.
(All lengths given in
metres.)

������

ZLWKRXW ZLWK ZLWKRXW
TXDG TXDG TXDG

ML unit ������ ������ ������

0/�XQLW 0/�XQLW 0/�XQLW 0/�XQLW HQG�ER[
Cryo string (long) ������ ������ ������ ������ ����� 6KRUW�VWULQJ�LV���0/�XQLWV

/HQJWK� �������

�������

VHUYLFH� VHUYLFH� ZDUP
ER[�HQG VWULQJ VWULQJ VWULQJ VWULQJ ER[�HQG VHFWLRQ

Cryo unit (standard) ����� ������� ������� ������� . . . . . . . ������� ����� �����

2008.7

��FU\RJHQLF�XQLW� ����VWULQJV�[���0/�XQLWV�VWULQJ� ����0/�XQLWV�
ZLWK�VWULQJ�HQG�ER[HV�SOXV�VHUYLFH�ER[HV

���FU\RPRGXOH�PRGXOHV�SOXV�VWULQJ�HQG�ER[

��FU\RPRGXOHV

Figure 3.2 shows an example configuration for a single cryo unit based on 13 long cryo strings.
The maximum length for a cryo unit is approximately 2.5 km, and is set by consideration of the largest
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3.8. Main-linac layout for a mountainous topography

3.8 Main-linac layout for a mountainous topography
3.8.1 Introduction

This chapter describes the features of the Main Linacs that are unique to the mountainous topography
site-dependent design, which utilises the Distributed Klystron Scheme (DKS) for RF distribution. In
mountainous regions — such as those sites being discussed in Japan (Section 11.4) — the accelerator
is orientated along the side of a valley, and access is provided via near-horizontal access ways. The
lack of flat terrain requires that nearly all the equipment including the cryoplants be located in
underground caverns. As noted in previous sections, DKS has the RF sources evenly distributed
along the linac, and housed in the same tunnel. The modulators and klystrons (Section 3.6.2 and
Section 3.6.3 respectively) are separated from the high-radiation environment of the accelerator by a
concrete wall up to 3.5 m thick. The RF power from each 10 MW klystron directly feeds 39 cavities
(1-1/2 ML units) via the local power distribution system described in Section 3.6.4.

3.8.2 Linac layout and cryogenic segmentation

Figure 3.38. Schematic layout of the electron (top) and positron (bottom) main linacs for the mountainous topog-
raphy site-dependent design, using DKS. The primary layout of the shaft arrangements are shown, along with the
cryogenic segmentation. Distributions and totals (left-most column) of major linac sub-systems are given.
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He	  compressor	  unit

2K	  Ref.	  Cold	  box	  (	  +	  cold	  compressor)

4.4	  K	  Ref.	  cold	  box

Shac

Access	  Tunnel

Zone	  1
3.8	  km

Zone	  2
3.5	  km
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5.0km
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2K	  Ref.#6 2K	  Ref.#5 2K	  Ref.#4 2K	  Ref.#3 2K	  Ref.#2 2K	  Ref.#1

0.7	  km

Zone	  6
2.0	  km

Zone	  5
1.9	  km Zone	  4

2.0	  km

0.2km

H	  =	  50m H	  =	  30	  m H	  =	  40m

• 2K	  cold	  boxes	  and	  distribuTon	  boxes	  will	  be	  installed	  in	  the	  cavern	  in	  the	  main	  tunnel
• 4	  K	  cold	  boxes	  &	  compressor	  units	  will	  be	  installed	  at	  the	  end	  of	  access	  tunnel	  　

Comments	  :
1)	  Long	  mulT-‐transfer	  line	  must	  be	  installed	  in	  the	  main	  tunnel	  
2)	  End	  of	  access	  tunnel	  a	  large	  space	  will	  be	  prepared	  for	  
assembling	  a	  TBM.	  This	  space	  can	  be	  used	  for	  a	  4.4	  K	  cold	  box.	  
3)	  Compressor	  unit	  will	  be	  installed	  far	  away	  from	  main	  tunnel	  in	  
the	  cavern	  near	  by	  access	  tunnel.
4)	  Helium	  will	  be	  recovered	  as	  liquid	  in	  the	  Dewar	  installed	  near	  by	  
the	  4	  K	  refrigerator	  cold	  box.

Layout	  of	  Cryogenic	  Plants	  for	  Mountain	  Site	  A
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• 2K	  cold	  boxes	  and	  distribuTon	  boxes	  will	  be	  installed	  in	  the	  cavern	  in	  the	  main	  tunnel
• 4	  K	  cold	  boxes	  &	  compressor	  units	  will	  be	  installed	  at	  the	  end	  of	  access	  tunnel	  　

Comments	  :
1)	  Long	  mulT-‐transfer	  line	  must	  be	  installed	  in	  the	  main	  tunnel	  
2)	  End	  of	  access	  tunnel	  a	  large	  space	  will	  be	  prepared	  for	  
assembling	  a	  TBM.	  This	  space	  can	  be	  used	  for	  a	  4.4	  K	  cold	  box.	  
3)	  Compressor	  unit	  will	  be	  installed	  far	  away	  from	  main	  tunnel	  in	  
the	  cavern	  near	  by	  access	  tunnel.
4)	  Helium	  will	  be	  recovered	  as	  liquid	  in	  the	  Dewar	  installed	  near	  by	  
the	  4	  K	  refrigerator	  cold	  box.
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2K	  Ref.	  cold	  box	  (	  +	  cold	  compressor)

4	  K	  Ref.	  cold	  box

Access	  Tunnel

Layout	  of	  Cryogenic	  Plants	  for	  Mountain	  Site	  B
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Installed Total Operating Total
# of Plant Size Installed Power Operating

Area Plants (each) Power (each) Power
(MW) (MW) (MW) (MW)

Main Linac + RTML flat/mntn 12 / 10 3.37 / 4.16 40.44 / 41.60 2.63 / 3.24 31.56 / 32.40

Positron Source 1 0.65 0.65 0.35 0.35
Electron Source 1 0.70 0.70 0.48 0.48
Damping Rings 1 1.45 1.45 1.13 1.13
BDS 1 0.41 0.41 0.33 0.33
Experiments 1 1.00 1.00 0.70 0.70

Total 17 / 15 44.65 / 45.81 34.55 / 35.39

Cited	  from	  ILC-‐TDR
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Chapter 3. Main Linac and SCRF Technology

practical cryoplant size (approximately 4 MW, comparable to those running at LHC). This includes
a 40 % overcapacity to account for pre-cooling from room temperature, variation in cooling water
temperature, and operational overhead. (About half of the AC power consumed in the cryoplants is
used to remove the RF energy dissipated in the 2 K cavities.) Two cryoplants are typically located
together, with one plant feeding an upstream cryo unit and the other a downstream cryo unit. This
results in a typical spacing of cryo plant installations (vertical shafts or access ways) of approximately
5 km. The most upstream cryoplant also provides cooling for the accelerator sections for the bunch
compressors in the RTMLs (Chapter 7). The exact linac segmentation and number of cryoplants
di�ers for the two site-dependent variants considered, although the number of cryomodules in the
linacs are the same. In particular, five cryoplants are envisaged for the mountainous topography, while
for the flat topography the total load is distributed over six plants. These di�erences are driven by
the approach to the RF power distribution for each site variant. Section 3.8 and Section 3.9 provide
details of the main linac segmentation for the flat and mountainous topographies respectively.

Each cryo unit is separated by a short ≥7.7 m warm section that includes vacuum-system
components and a ‘laser wire’ to measure beam size.

At the exit of main linacs there is a section of warm beamline which acts as the matching
interface to the downstream systems. This section of beamline provides:

• matching and machine-protection collimation for the transition between the relatively large
apertures in the main linac, to the smaller ones in the downstream (warm) systems (most
notably the positron-source undulator located at the exit of the electron linac);

• beam-trajectory correction using a fast intra-train feedback/feedforward system, which should
reduce pulse-to-pulse jitter to approximately 10 percent of the vertical beam height. The fast
kickers will also be used to correct repetitive bunch-to-bunch variation possibly arising from
long-range wake fields. On the electron linac side, in addition to the fast feedback correction,
a 10 Hz pulsed magnet system is required to adjust the 150 GeV positron production beam
during 10 Hz operation at low energy operation (see Section 3.1.4).

Table 3.2 summarises the combined power consumption of the Main Linacs. Of this power,
9.9 MW goes into the beams and the corresponding wall-plug to beam power e�ciency is 9.6 %.

Table 3.2
Main Linac AC power consumption
for both site-dependent variants.
Details can be found in Chap-
ter 11

System Flat Topography Mountain Topography
AC power (MW) AC power (MW)

Modulators 58.1 52.1
Other RF system and controls 5.8 5.5
Conventional facilities 13.3 16.4
Cryogenics 32.0 32.0

Total 109.2 106.1

3.1.3 Accelerator Physics

Table 3.3 lists the basic beam parameters for the main linacs. The main-linac lattice uses FODO
optics, with a quad spacing of 37.96 m, corresponding to one quad per three cryomodules (ML unit).
Each quadrupole magnet is accompanied by horizontal and vertical dipole correctors and a cavity BPM
which operates at 1.3 GHz. The lattice functions are not perfectly regular due to the interruptions
imposed by the cryogenic system, but do not change systematically along the linac so the focusing
strength is independent of beam energy. Figure 3.3 shows the lattice for the last cryo-unit of the
main linac. The average lattice beta function is approximately 80 m and 90 m in the horizontal and
vertical planes respectively. The mean phase advance per cell is 75° in the horizontal plane and 60°
in the vertical plane. The small vertical bending required to follow the Earth’s curvature is provided
by vertical correctors near the quadrupole locations, and gives rise to ≥ 1 mm of vertical dispersion

26 ILC Technical Design Report: Volume 3, Part II
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1	  L/s	  	  =	  	  539	  kcal/s	  	  =	  	  2253	  kW	  
1	  MJ	  	  =	  	  0.44	  L/s	  	  =	  	  1.6	  m3/h
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　 WATER AIR
NH3NH3 R410AR410A R32R32

　 WATER AIR
Liquid Gas Liquid Gas Liquid Gas

Te
37 37 35 35 35 35 35 35

℃
37 37 35 35 35 35 35 35

Pe
-‐-‐-‐ -‐-‐-‐ 1350.81350.8 2139.92139.9 　 　

kPaA
-‐-‐-‐ -‐-‐-‐ 1350.81350.8 2139.92139.9 　 　

Tc
32 32 32 32 32 32 32 32

℃
32 32 32 32 32 32 32 32

Pe
-‐-‐-‐ -‐-‐-‐ 1238.21238.2 1975.61975.6 　 　

kPaA
-‐-‐-‐ -‐-‐-‐ 1238.21238.2 1975.61975.6 　 　

Density
1 0.0012 0.587 0.0105 1.008 0.0883 0.912 0.0652

t/m3
1 0.0012 0.587 0.0105 1.008 0.0883 0.912 0.0652

Specific	  Heat	  
1 0.24 -‐-‐-‐ -‐-‐-‐ -‐-‐-‐ -‐-‐-‐ -‐-‐-‐ -‐-‐-‐

Mcal/t･℃
1 0.24 -‐-‐-‐ -‐-‐-‐ -‐-‐-‐ -‐-‐-‐ -‐-‐-‐ -‐-‐-‐

DT
5 5 -‐-‐-‐ -‐-‐-‐ -‐-‐-‐ -‐-‐-‐ -‐-‐-‐ -‐-‐-‐

℃
5 5 -‐-‐-‐ -‐-‐-‐ -‐-‐-‐ -‐-‐-‐ -‐-‐-‐ -‐-‐-‐

Latent	  Heat
-‐-‐-‐ -‐-‐-‐ 268268 40.540.5 59.0	  59.0	  

Mcal/t
-‐-‐-‐ -‐-‐-‐ 268268 40.540.5 59.0	  59.0	  

Velocity
1 5 1 5 1 5 1 5

m/s
1 5 1 5 1 5 1 5

Cooling	  Power
5 0.0072	   157.3	   14.1	   40.8	   17.9	   53.8	   19.2	  

Mcal/m2･h
5 0.0072	   157.3	   14.1	   40.8	   17.9	   53.8	   19.2	  

Heat	  Transfer	  Capacity	  	  of	  Refrigerants
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　 WATER AIR
NH3NH3 R410AR410A R32R32　 WATER AIR

Liquid Gas Liquid Gas Liquid Gas
Mass	  Flow	  Rate 5160 21500 96.3	  96.3	   637.0	  637.0	   437.3	  437.3	  

t/h
5160 21500 96.3	  96.3	   637.0	  637.0	   437.3	  437.3	  

Velocity 1.0	   5.0	   1.0	   5.0	   1.0	   5.0	   1.0	   5.0	  
m/s

1.0	   5.0	   1.0	   5.0	   1.0	   5.0	   1.0	   5.0	  

Pipe	  Size 1.35	   35.60	   0.24	   0.81	   0.47	   0.71	   0.41	   0.69	  
m

1.35	   35.60	   0.24	   0.81	   0.47	   0.71	   0.41	   0.69	  

⊿P(@100m) 5 　 1.3 1.3 0.2 0.2 　 　
ｋPa

5 　 1.3 1.3 0.2 0.2 　 　
Pipe	  Size 1.00	   35.60	   0.24	   0.81	   0.47	   0.71	   0.41	   0.69	  

m
1.00	   35.60	   0.24	   0.81	   0.47	   0.71	   0.41	   0.69	  

Velocity 1.82	   5.00	   1.00	   5.00	   1.00	   5.00	   1.00	   5.00	  
m/s

1.82	   5.00	   1.00	   5.00	   1.00	   5.00	   1.00	   5.00	  

⊿P(@100m) 16.7	   　 1.3	   1.3	   0.2	   0.2	   　 　
ｋPa

16.7	   　 1.3	   1.3	   0.2	   0.2	   　 　
Pipe	  Length 4000 2000 100 100 100 100 500 500

m
4000 2000 100 100 100 100 500 500

⊿P 666.1	   0 1.3 1.3 0.2 0.2 0 0
ｋPa

666.1	   0 1.3 1.3 0.2 0.2 0 0

⊿H 0	  * 0 100 100 100 100 100 100
m

0	  * 0 100 100 100 100 100 100

Water	  Head 0	  * 0 587 10.5 1008 88.3 912 65.2
ｋPa

0	  * 0 587 10.5 1008 88.3 912 65.2

⊿P	  at	  H.X. 100 0 　 50 　 50 　 　
ｋPa

100 0 　 50 　 50 　 　
Total	  ⊿P 766	   0 588.3 61.8 1008.2 138.5 912 65.2
ｋPa

766	   0 588.3 61.8 1008.2 138.5 912 65.2

Pe-‐Pc 　 　 112.6112.6 164.3164.3 　　
ｋPa

　 　 112.6112.6 164.3164.3 　　
Pump	  Efficency 60% 　 　 　 　 　 　 　

%
60% 　 　 　 　 　 　 　

Motor	  Power
1318	   　 No	  Need No	  Need No	  Need No	  Need 　 　

ｋW
1318	   　 No	  Need No	  Need No	  Need No	  Need 　 　

Moter	  	  Power	  
4.4% 　 0.0%0.0% 0.0%0.0% 　 　

/	  	  Cooling	  Power
4.4% 　 0.0%0.0% 0.0%0.0% 　 　

Ideal	  case:	  larger	  pipe	  size
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  for	  water

Water	  pipe	  size:	  1m	  in	  dia.

Note:
In	  the	  case	  of	  water	  ;
head	  of	  flow	  and	  return	  cancelled

30	  MW	  Heat	  Load	  Case

Motor	  Power	  for	  Circula0on	  of	  Refrigerants
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• 	  Cooling	  tower	  at	  the	  entrance	  of	  access	  tunnel	  	  can	  support	  cooling	  of	  
underground	  2	  cryogenic	  plants.	  
• 	  Cooling	  tower	  cluster	  can	  support	  cooling	  of	  ~	  8km	  long	  distributed	  heat	  load.	  
The	  cooling	  water	  circulate	  in	  900	  mm	  in	  diameter	  pipe.
• 	  By	  installa7on	  of	  the	  cooling	  tower	  in	  the	  tunnel,	  we	  can	  eliminate	  heat	  
exchanger	  which	  need	  to	  cut	  the	  head	  pressure.	  But	  we	  need	  large	  bore	  shaa.
• 	  By	  using	  the	  “thermo-‐siphon”	  of	  refrigerant	  we	  can	  reduce	  the	  pipe	  size.

1	  ~	  2	  km

	  ~	  100	  m

Cooling	  Tower	  A

4K	  cold	  box

Compressor

Access	  Tunnel

OpTon

Shac	  for	  Cooling	  Tower
Cooling	  Tower

Cluster

Conceptual	  Design	  of	  Water	  Cooling	  System
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Chapter 3. Main Linac and SCRF Technology

The main-linac layout is schematically shown in Fig. 3.38. The cryogenic cooling for each linac
(and RTML bunch compressors, see Section 3.5) is provided by a total of five large cryoplants space
approximately SI5km apart. The cryogenic plants are located underground and are accessible through
long horizontal shafts as shown in Fig. 3.39. The cryogenic segmentation is constructed entirely from
‘short cryostrings’ (9 cryomodules or 2 ML units), as opposed to the more economical long strings
(12 cryomodules). This is to accommodate a single design for the local power-distribution system
(LPDS, see below). While use of short strings adds cold boxes and a small length increase to the
linacs, this is o�set by the benefits of having a single LPDS system (both in terms of manufacture
and easier installation).

Figure 3.39
3D rendering of a cryo
cavern and horizon-
tal access way. For
more details see Sec-
tion 11.4.2.

$FFHVV�WXQQHO

&U\RJHQLFV�SODQW
(OHFWULFDO�VXEVWDWLRQ
&RROLQJ�ZDWHU

$FFHOHUDWRU�WXQQHO

The so-called ‘Kamoboko’ tunnel cross section is shown in Fig. 3.40. As noted above, this layout
provides housing for the klystrons, modulators, electronics and related support infrastructure which
is shielded from the radiation environment of the linac. The central-wall shielding is su�cient to
permit personnel access to the service area during operations. RF power is brought in waveguides
from the klystrons to the linac corridor through penetrations in the wall, which include a jog to
prevent line-of-sight radiation. The shape of the tunnel is particularly suited for construction in the
mountainous geology found in Japan (for more details see Section 11.4).

Figure 3.40
Cross section of the
main-linac tunnel cross
section for the moun-
tainous topography
site-dependent design.
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Cross	  Sec0on	  of	  Main	  Linac	  Tunnel	  “Kamaboko”
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Cited	  from	  ILC-‐TDR

Equipment	  Layout	  in	  Main	  Linac	  Tunnel
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He	  Ref.	  Cold	  Box
18	  kW	  at	  4K

Compressor

Cooling	  Tower

Heat	  Exchanger

L	  

LP1	  	  0.92	  bar

LP2	  	  1.4	  bar

HP	  	  	  	  24	  bar

L	  	  =	  	  	  	  	  10	  m	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  0.007	  	  	  0.000	  	  	  	  0.000	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  4.3	  MW	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

L	  =	  	  1000	  m	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  0.695	  	  	  0.008	  	  	  	  0.017	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  +1.2	  %

L	  =	  	  2000	  m	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  1.389	  	  	  0.017	  	  	  	  0.034	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  +2.4	  %

ΔHP	  	  	  	  ΔLP2	  	  	  	  ΔLP1	  (bar)	  	  	  	  	  	  	  	  	  Power

LP2
800	  φ

LP1
350	  φ

HP
200	  φ

22	  ℃40	  ℃ 22	  ℃

32	  ℃

37	  ℃
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Compressor

Cooling	  Tower

Heat	  Exchanger

L	  

LP1	  	  0.92	  bar

LP2	  	  1.4	  bar

HP	  	  	  	  24	  bar

L	  	  =	  	  	  	  	  10	  m	  	  	  	  	  	  	  	  	  	  	  	  	  	  0.000	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  3.02	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  125.0	  kW	  	  	  	  	  	  	  	  	  	  	  	  	  	  6.7	  %	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

L	  =	  	  1000	  m	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  1.55	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  4.57	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  187.1	  kW	  	  	  	  	  	  	  	  	  	  	  	  	  	  6.9	  %

L	  =	  	  2000	  m	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  3.04	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  6.06	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  245.3	  kW	  	  	  	  	  	  	  	  	  	  	  	  	  	  7.1	  %

ΔP	  pipe	  	  	  	  	  	  	  	  	  	  ΔP	  total	  	  (bar)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Power

450	  φ

450	  φ

ΔT	  =	  5	  ℃
Δ	  ｈ	  =	  5	  ca	  l	  /	  g

37	  ℃

750	  m3	  /	  hr

32	  ℃

Ice
Δ	  ｈ	  =	  80	  ca	  l	  /	  g

boiling
Δ	  ｈ	  =	  539	  ca	  l	  /	  g

He	  Ref.	  Cold	  Box
18	  kW	  at	  4K
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