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ATLAS Experiment © 2012 CERN

Denis Perret-Gallix@in2p3.f
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Geant4"  The Large Hadron Collider Experi
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CERN-LHC "New Boson" discovery
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* Green-ILC project

» Saving and recovery Energies

« Renewable energies
 Accelerator Energy Consumption Calculation

* Green-ILC in Japan and International
Cooperation



Power and Energy for Colliders

LHC-CERN ~ 180 MW - 1.35 TWh/year, 50% Geneva electr. consumption (~ 250,000)

Green-ILC

FCC-ee: 354 MW @ 350 GeV  (top ring and pre-injection not included)
FCC-hh : 468 MW @ 100 TeV (pre-injection NOT included (+100 MW ??) (p. collier)

ILC: 164MW @ 5006eV - 300MW @ 1TeV (TDR)

ILC lab. (Experiment, Computing, Buildings) => 180 MW @ 500 GeV, 320 MW @ 1 TeV.
TDR takes a large margin: 300 MW 500 MW

(240 MW @ 500 GeV, RDR estimation)

ILC 500 GeV 18% of Iwate prefecture electricity consumption, ~ Morioka (300,000)
ILC 1TeV 32%

« 180$/MWHh 2011 for industry (JP 0EcD 2013 report, special discount?, price volatility (2024))
« CERN (2011, ~ 70 $/MWh), ESS (Sweden, 110 $/MWh)

Yearly electricity running cost: 500 eV ~ 240 M$ (10 years, ~25% of ILC capital cost)
1 TeV ~ 430 M$ (scaling on power)

HEP fufrulre: To be Green ... or not to be |

LAFF/LNCFS/CNKRO - KEK
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*. "IE ILC baseline energy budget
164 MW @ 500 GeV

L/
I\

\
/

Tahle 115 Conventional
Estimated DKS power Accelerator
loads (MW) at 500 GeV sectn 07 FOeERRecks B CIaE e S Cho S g e o
ngﬁzeer‘]’tflggaafs operalon: o~ sources 128 0.09 0.73 0.80  1.47 0.50 4.87
g Whon gt ] et sources 1.39 0.09 4.94 0.59 1.83 0.48 9.32
i?cies themselves. This DR 8.67 2.97 1.45 1.93 0.70 1572
G SN ——— .um _— RTML 4.76 0.32 1.26 1.19 0.87 8.40
Bt ventilaiionpand Main Linac 5213 4.66 0.91 32.00 12.10 4.30 106.10
st congciitionin (HVAC) BDS 10.43 0.41 1.34 0.20 1238
Ermergency pf\;ver fooql Dumps 0.00 1.01 1.21
o : IR 1.16 2.65 0.90 0.96 5.67
utilities that must remain
operational when main TOTALS 68.2 52 224 37.9 20.8 9.2
power is lost.
Rank: 1 6 3 4 5
% 42 3 15 13 5

ILC is a power converter from (m)eV to TeV
with
Wall-plug to beam power efficiency is 9.6 %

Denis Perret-Gallix@in2p3.fr

OIST, Okinawa, May 2015 LAPP/IN2P3/CNRS - KEK 14



1" The Green ESS
European Spallation Source -- 4R

Renewable:
All energy from new, dedicated
renewable production at a

stable and competitive cost

Responsible:
Reduce energy use to
under 270 GWh per year

Reliable
stable electricity and
cooling supplies

Wind Power:100 MW

Machine: 278 GWh/y Recyclable:
Cooling: 265 GWh/ Completely replace cooling
? Y b towers with a cooling system

based on heat recycling.

: Denis Perret-Gallix@in2p3.fr
OIST, Okinawa, May 2015 LAPP/IN2P3/CNRS - KEK b
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*ilr Green-ILC Objectives

Green-IL

ILC : lower running cost, better operational flexibility, eco-friendly
Revisiting all ILC components, in terms of:

1. Energy Saving: improving efficiency ... 90% (if not 100%) lost as heat waste

2.  Operational saving
3. Energy Recovery and Recycling

Renewable energies:

1.  Renewable energy production, best for ILC and ILC site

2. Energy Storage (recovery, intermittency)
3. Distribution and Management: Smart Grid

Energy for: societal needs and world economy,

1.  Needs for Energy Basic Research

2.  Synergies: HEP expertise (SC, HF magnets, beams, computing), photon, neutron
factories

3. Technology innovation and large scale infrastructure managment

4. ILC as a test bench: Pilot plants for ILC

: Denis Perret-Gallix@in2p3.fr
OIST, Okinawa, May 2015 LAPP/IN2P3/CNRS - KEK Y
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- ;[p Global organization for Green ILC
"o
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: Denis Perret-Gallix in2p3.tr
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s ,',IE Energy Saving and recovery

« Klystron:
« Better efficiency: from 60% to 80%
* Energy recovery on the electron beam (Hitachi)

Denis Perret-GallixC .. 20
LAPP/IN2P3/CNRS - KEK

el

OIST, Okinawa, May 2015



Recover non-used RF power:
Smart RF loads

ldea 1) — reconvert to DC power! Idea 2) — use high-T loads!

N WR-1150 Pressurized air at Metal enclosure at Thermal

[ = r:' P |r:| I'-.-- h ? wavegmde ambienttemp. high temp. (800 °C) insulation

uo DC - Link

[ Ee i

AC 50 HE, to distnbution grld Airtight RF  Perforation Taperingfor Ceramic Perforation
window serves as RF low RF- foam serves as RF
tight airinlet reflections tight air outlet

1) http://accelconf.web.cern.ch/AccelConf/IPAC10/papers/wepd090.pdf
2) http://accelconf.web.cern.ch/AccelConf/IPAC2012/papers/thppc023.pdf

OIST, Okinawa, May 2015
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] Energy Saving and recovery

« Klystron:

Better efficiency: from 60% to 80%
Energy recovery on the electron beam (Hitachi)
Cavities: 2 Magnetic shields -> Increase cavity Q,

-> decrease cryo -> save 62 ME (10 years running)
(0. Napoly AWLC 2014 and JLC 2013)

OIéT :O'l;iﬁawa May 2015 "Denis Perret-Gallix@in2p3.fr

LAPP/IN2P3/CNRS - KEK
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Cryonomics

|f | am allowed to extrapolate the 75% increase of Q, shown by E. Kako with a double

O. Napoly AWLC 2014 and JLC 2013

magnetic shielding, to ILC cavities with Eacc = 31.5 MV/m

and with the assumptions:  grid power = 0,15 € /kWh@300 K
CoP(2K) =700 W/W
magnetic shield = 1000€ / cavity
cryogenics = 1 M€/100 W@2K
Payn.= 9.6 KW@2K , 6.7 MW @ 300 K Pgyn.= 5.5 KW@2K, 3.8 MW

2,50E+08 1,60E+08

1,40E+08
2,00E+08

1,20E+08

1,00E+08

m Grid * 10 years

1,50E+08
M Cryogenics capital 8,00E+07

1,00E+08 1 Shields capital >

6,00E+07

m Total * 10 years
4,00E+07 -
5,00E+07 -
2,00E+07 -

0,00E+00 - 0,00E+00 -+

Q0 =8 10%° (RDR) Q0 = 1.4 10%°

Saving 62 Meuros on cavity cooling (10 years)

Denis Perret-Gallix@in2p3.fr

LAPP/IN2P3/CNRS - KEK 23
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o Energy Saving and recovery

« Klystron:
* Better efficiency: from 60% to 80%
* Energy recovery on the electron beam (Hitachi)
 Cavities: 2 Magnetic shields -> Increase cavity Qg
-> decrease cryo -> save 62 ME (10 years running)
(0. Napoly AWLC 2014 and JLC 2013)

« Beam dumps
*  Woakefield deceleration for beam dump, project and test

Pressure Time Value = 2.2e-005 [ 5 |

7.000e+006 [ 0 035 0.07 0.106 (m) 1
E:E

Denis Perret-Gallix@in2p3.fr
LAPP/IN2P3/CNRS - KEK

[Pa]

OIST, Okinawa, May 2015
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Pros/cons

J. Fujimoto (KEK)

I

length

Window pressure
Window diameter
Hydrogen gas producing
Tritium production

Component Activity

10 m

10 bar static, 0.5 bar dyn.
30cm

Several liter/sec @ 20 MW
300 TBq

1.2 mSv/h

1000 m

1 bar static, 0.01 bar dyn
8 cm

no

30 TBq (in Iron)

~1 ...10 mSv/h



Plasma Acceleration, wakefield acceleration
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Plasma Deceleration Dumping
PHYSICAL REVIEW SPECIAL TOPICS - ACCELERATORS AND BEAMS 13, 101303 (2010)

Collective deceleration: Toward a compact beam dump

Linear Collider WS
Tokyo N?V' 152013 H.-C. Wu,' T. Tajima,'? D. Habs,"> A. W. Chao,* and J. Meyer-ter-Vehn'
A. Suzuki (KEK DG) 'Max- Planck-Institut fiir Quantenoptik, D-85748 Garching, Germany

% Fakultit fitr Physik, Ludwig-Maximilians-Universitdt Miinchen, D-85748 Garching, Germany
3SIAC National Accelerator Center, Stanford University, Stanford, California 94309, USA
(Received 10 December 2009: published 5 October 2010)

Use Collective Fields of Plasmas for Deceleration

100 MeV -
1 GeV 1
10 GeV 1
100 GeV ]

%21 10 cm for 100 GeV

; 4}([ m o.o " 1 " 1 " 1
0.0 0.5 1.0 1.5
Distance X"E_ (mm+E__ )

» The deceleration distance in the underdense plasma is 3 orders of magnitude smaller than the
stopping in condensed matter.
» The muon fluence is highly peaked in the forward direction.

: Denis Perret-Gallix@in2p3.fr
OIST, Okinawa, May 2015 LAPP/IN2P3/CNRS - KEK 2



| Appllcatlon for a grant (MEXT JSPS) for 2015
Collective Stopping Power for ILC M. Yoshlda KEK (IZEST)

International Zeta Exawatt

Ldum;p [m] ot 1.7 X 1013 gi}_\['_?glEG {G@V] A & Sf:ifélnceTchnology
b

here o1 > 0.60r ¢ or>19x 10“6\/ Nyop,

(electron bunch)

ILC Np=2x10" E,;=500GeV

Lgump [m] = 4.3 x 10°02 [cm]

O-Iz 50 ﬂm, g = 3 - [wr[eﬁs W P

->(L =10 m for Li gas
Next Trials

» Experiment of Proof-of-Principle
» Deposit mechanism of Wake-Field energy
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« Cryogenics

* Helium refrigerator saving

*  LN2 pre-cooling

OIST, Okinawa, May 2015

Energy Saving and recovery

Denis PerreTGaIIix@in2p3.fr
LAPP/IN2P3/CNRS - KEK
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H. Hayano (KEK) : ALCW April 2015
Proposal Pickup from AAA Green-ILC WG in 2014

(1) Helium compressor efficiency improvement
(Maekawa Co.)



MAYEKAWAN

http://www.mayekawa.co.jp/ja/




