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/ Cockcroft-Walton

. First accelerator was DC type.
. It still shares the largest population.

. It is simple, but the highest energy is
limited by surface breakdown.

. The practical limit is 1~2 MeV.
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Wideroe i1s also initiator of
Ring accelerator
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What is Collider?
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Linear Collider

Ring Collider
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Why Ring Collider?
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Synchrotron Radiation
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Ring collider and Linear collider &

Energy loss

Linac : zero

C, E*
Ring: 2%~ 7Bp \
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Ring Light Source

(namely 3™ Generation light source)

« Storage ring for Synchrotron radiation facility.

* It can store extremely high average current (several 100mA)
and extremely small emittance beam.
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JH%ijﬁ—Aliyyyx(ﬁﬁ)ﬁ‘ﬁ%%$%
Rigd LTEXED,

J

CEEEER BOEES) EEGR EFhE) BRIV E-
RSP I v & VA,
CEBEEINTVWAEI v L RFEGHE &4 L =R R R




Linac DI V¥ LA

o LinacTOIZI v ¥ L RIIROEFETIRE 5,

o I v A (BFE—LOHMIRE)

o R R ERIORIRIZ X S mE)

o HWEIER BADI AT A4 A b ZERIENIRR L)
o JRBIRRRIUCITEEE L TR,




FEL(Free Electron Laser)
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LHC got a big success!

July 4,2012
In summary

Higgs search

We have observed a new Updatentiomenian s
boson with a mass of
125.3 £ 0.6 GeV
at
4.9 o significance !

”5' 1350 ATLAS today's main result (prefiminary) 3
Fagl i e
R P 5.0 o excess at m~126.5
*
¥ Cropwyrmmaund

These accomplishments are the results of more then 20 years of
talented work and extreme dedication by the ATLAS Collaboration

ol . : i - ! '
vl Higgs searc
vl Update 04.0°

Ee . ATIAS i .
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Hadron Collider

Hadron (proton/antiproton) is easier to accelerate to high
energy owing to the absence of synchrotron radiation.

Events are complicated because proton is not an elementary
particle (uud + sea quarks + gluon).

Initial state is distributed statistically. (70 (RN
Energy reach is large, but resolution is not idefs g




> Lepton Collider (e+e-) is an ideal experiment to study
particle physics.
o Collision between elementary particle
o Well defined initial state. ey S

> In the ring collider (LEP), synchrotron radiation is
obstacle. Two solutions.

o Use heavier elementary particle : muon collider (still takes
time).
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Beamstrahlung

. Synchrotron radiation with magnetic field induced by the
beam.
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Beam-Beam effect

. E—ARo 7 —u  HEER.
Tian i = (0) a2 U

. Disruption param?\’lcerf‘%ﬁi’)ﬁ’ 5%

Ié 0]

@ V4

S Y o'x,y(o'x+ o'y)

o TOINTF A= =PRIV & E— LD R &
%5, IS Lz,




V7 asA4 ¥ —LIENRE —A

2
— frepnbN
4no .0,

WI )V T 4 I L
Oy «OX

(3'3;(‘1‘ % | _J%) Beamstrahlung 1 ar NE

o
2 2
£ (o+0))o.

Disruption 1 D, = ZI;Ire O
’ 0)

L e
et Y

Parameter Value

‘ Vertical size 5.7 nm

v N\
__; .

Vertical Disruption

o . A

19.4

Horizontal emi. 10 mm.mrad




© horizontal size
® vertical size




ILCERY) =7 a5 (44

~ From

mp, = 120 GeV

CG by R. Horii

z
S
[ =
(o]
[72]
(o]
0
[72]
o
2
o e
O
o
5
C
(]
s
7]
c
(o]
(&)
(@]
=
=
=2
(o]
o

10
Mass (GeV) ACFA LC study &




~

S

Undulator q

Target
Auxilier & booste e+D =

vyrzu b iR WEIBILESIC XKD aT 14 ¥ —,

VI )T AR DIZD, @7 AR Mt r — Az X 7
122,

ﬁﬁ#oﬁﬁm*y&/XE—Aiﬁo
“%ﬁ%%%%rl%m




fii b B -

. BITIIAEU12D7 2 NVIFZY s DODE

. SURXUMNZF—YBEERTIX. ZHODAELREBIIRLES &R

S i G E R RAE VA QY VA

ZEEINR

. PIHPREEOT RN X —, AL ZMBIZESR | HBERER
o A UZWZD (R IPHMREOR F2EFETH T &,




%

Conduction
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Acceleration in ILC cavity

1.2m, 9 cells.

Accelerator gradient : 31.5MV/
m.

Standing wave ( pi-mode).

Electro-polishing technique for
the high gradient.
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Fabrication / Industorialization

2nd pass yield - established vendors, standard process

Production yield: “>28MV/myield 535 MV/myield
94 % @ > 28 MV/m, m
Average gradient: \_11(
37.1 MV/m
Design average gradient:
35 MV/m
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Final Focus Test (ATF2)

Tungsten(Carbon) Cavity beam position monitor

Fast feedback kicker for beam position stabilization Wire Scanner

Optical diffraction beam size monitor . .
Stripline beam position monitor The dlagnOStIC |ll1e for the extracted

low emittance beam

Laser wire
/

e | : £ 1. Double kicker System for
The ATF2 p|an: 4/‘“ - Z; " L :_- e Fe, ::. 3 -~ ™ Jstable beam extraction
realization of the nanobeam BRI S s e

A Injection kicker
Laser wire

Cavity beam position monitor
Focus point (37nm beam size)

Damping ring

Modulator

Klystron

Damped cavity Wiggler magnet

i b
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. / Electron beam. The Iinear accelerator as the(injector Synchrotron radiation interference monitor
TS

Photocathode RF gun X-ray synchrotron radiation profile monitor




Small beam
.

Large beam

Fringe scan =z~
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We are approaching!
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-Iﬂ: %ﬁ) 6 @mﬁ Evrqpea"SSTatQ European Strategy for Particle Physics

* X% There 1s a strong scientific case for an electron-positron
collider, complementary to the LHC, that can study the
properties of the Higgs boson and other particles with
unprecedented precision and whose energy can be
upgraded. (HB%) The initiative of the Japanese particle
physics community to host the ILC in Japan is most
welcome, and European groups are eager to participate.
Europe looks forward to a proposal from Japan to discuss a
possible participation”.
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S HEPAP Facilities sub-panel:

******
*****
******

Measuring Higgs properties and searching for Beyond
the Standard Model effects are of primary scientific
significance. The LHC ... upgrades and the 500
GeV ILC in Japan can address these questions in
complementary fashions and are absolutely central
to progress in high energy physics. .... ete-collider
at Vs=500 GeV in Japan is only lepton collider
ready for construction in next decade.... Should

an agreement be reached the US particle

L HC »500GeV-ILCiZ. HIFRMIz R, oarticipate in
struction.
500GeVEL « BEFaAIF M ¥ —IX. T THEMNIZHE :

BLSM—Das (¥ —,
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I1.C timetable

2013 2014 | 2015 2016 2017 12018 | 2019-21 2022-31 | 2032- 50
A P B HaR ILCHL %
RKEL R R
Jite s S |k
LCHE =8 Pre-ILC Lab. ILC Lab.

Enjoy vour life!
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Revival of e+e- Ring Colliders ?
To create Higgs by e+e- — ZH requires ECM~240GeV

This is not too high compared with the final energy 209GeV at LEP
They are stray sheeps without any foresights as energy frontier.

; ._..s_v per TRISTAN 40 NP Y
Z Factory 12 -46 GeV * s o . N /\%PME%t‘/f—”‘

\
Olsﬁmoh\\

‘u

SuperTRISTAN (40km,
60km)

=BSPS (0.6 km
> » -
« S




Synchrotron Radiation Loss
E4[GeV]

U = 0.088
plm]

[MeV]

* This (almost) determines RF voltage per turn
« ~7/GeV in LEP tunnel
 Still possible owing the latest cavity

technology.
» But, the electric power is huge! (e.g. 1.4GW) |
- * US power consumption : 400GW.




Beamstrahlung of e+e- Ring Colliders

Beamstrahlung causes significant energy loss

2N'r§7

T maxr &

« Particles with large energy
loss will be lost.

~ + Short beam lifetime.

~ + Hence, ring colliders are
much more fragile than LCs.
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Distribution of Longitudinal Action /J
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Luminosity vs. Energy

Luminosity is limited by Beamstrahlung, too.

CME >~350GeV, there is no possibility at all.

At the lower energy, the luminosity is comparable to LC
with much larger construction and operation costs.

example with
* N=2%
* £,=0.15
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