Accelerator Physics
research in KeEK

KEK, Acc. Z2nd div.
J-PARC center, Acc. Cont. Gr.
Noboru Yamamoto



Contents

Low emittance
RF-gun

Accelerators in KEK

2x beam
current

LINAC/PF/PF-AR/
SuperKEKB

—
Injector Linac

High efficiency
e+ generator

J-PARC

Beam from Injector and Storage Current
SuperKEKB: 7 GeV e- 2600 mA

ERL/ATF/STF/(ILC) ,,F_. #Geve:  s600m4

PF-AR: 6.5GeVe- 60mA

SuperKEKB
3 km

LER

T 40x
Luminosity

Introduction to Acc. Phys

i e ) ﬁu Hih?
l w-"’\‘ BRIy E r&,; Rk 1




Electron/positron injector linac

Low emittance R
RF-gun Ing
T

—
Injector Linac ‘

600 m

High efficiency
e+ generator

Beam from Injector and Storage Current

SuperKEKB: 7 GeVe-
4 GeVe+

& 2.5GeVe-

PF-AR: 6.5GeVe-

2600 mA
3600 mA

450 mA
60 mA

Z2x beam
current

SuperKEKB
3 km

N Gev o /

40x
Lurminosity)

K. Furukawa



rings in KEK

N E:65 GeV
0=232m
U,=6.8 MeV

PF Ring (2.5 — 3GeV)

E=2.5 GeV
p=8.66 m

U,=0.4 MeV



Forms of synchrotron radiation

Bending magnet
radiation

-

Wiggler radiation

-

1
e~ YN _\,_ = Undulator radiation
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D. Attwood, “Soft X-ray and Extreme Ultraviolet Radiation: Principles and
Applications”,Cambridge University Press



Brilliance [Photons/sec/mm2/mrad2/0.1 % b. w.]
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f o e ¥ Redesign the lattice to squeeze the
: — emittance (replace short dipoles with
longer ones, increase wiggler cycles)

Colliding bunches
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CMS Energy and Luminosity

Luminosity Frontier
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J-PARC

Joint project between JAEA and KEK.
Build in Tokai-mura, lbaraki.
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shorter wave

for study of tiny matter
de Broglie Wave

_ Planck constant
wavelength: 1=—
p Mmomentum

- higher resolution = shorter wavelength = higher
momentum

— High Energy Accelerators
- Different particles(interaction) show different view of
matter.

— Various type of accelerators and secondary beams.



Briet introduction to
Accelerator Physics

. Beam Transport

. Strong Focusing : Betatron oscillation

. Acceleration

- Phase stability: Synchrotron oscillation
. Beam Instability
. Betatron Resonance

. Space Charge Effect



Charged particle motion

- Lorentz Force:

d? — — N —
—=F=eE+eVv XBHB
dt

- Electric field equivalent to 1T magnetic field
- atv~c, B=1T isequivalentto E~cB =300 MV/m
- If we take E= 20 MV/m, v ~E/B =20 MV/m /1T = 2e7 m/sec,

. l.e. for Low energy particle, v << 2e7 m/sec (8~0.07, r~ 1.002), Electric field has
advantage.

- We need to have Electric field to increase energy.
dE _, dp
—_— ) «—
dt dt
- In High Energy Accelerators

=e7-§+e7-<7x B>=e7-f

- Electric field is used fo acceleration

. Magnetic field is used for beam orbit control.
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Magnetic field
for beam control

-In accelerators, particle travel very long distance.
-In J-PARC MR: protons circulate rings 480,000
times before extraction. ~768,000 km

.Uniform Field B — Bye,

. —  Circular motion

. — changes direction of

motion
. — Works like a “Prism”
. What about “Lenses” ?

J-PARC MR bending Magnet



What is "Lens”

00 = — kx




Focusing with Magnet

- Focusing Force : Force proportional to the
displacement from origin, X.

—

B =kxe, — F, = —evkx
- to satisty Maxwell's equation, 1t should be:

B = kxe, + kye,
- Force recelved by a particle moving to z-
direction. ->

—

F =€VO€ZX B

— —
— ekvgxe, + ekvyye,



Principle of Strong

Focusing

. Combining two types of (Quadrupole)
magnets, the system can have focusing
forces for both X and Y directions..

X




Transfer matrix
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Principle of Strong

Focusing
. Combining two types of (Quadrupole)

magnets, the system can have focusing
forces for both X and Y directions.,
( 1 O\

2d?* + 5ds + 4s?
\ d3 + d?s J




Betatron Oscillation

- The principle of strong focusing allows us to

transport charged particles for long distance.
-Off-centered particles will oscillate around the

designed orbit while traveling.

-We call this oscillation “Betatron Oscillation”.



Acceleration
by Electric Field

- DC(Static Field)

- Van de Graaff Type : Using mechanically
moving insulated belt to accumulate
charges on the electrode.

- Cockcroft-Walton Type : Cockcroft-Walton
multiplier circuit consists of capacitors and
diodes. It turns input AC(or pulsed DC)

The Cockcroft-Walton
i i i Accelerator in KEK-PS.
- RF Field(Alternating fields): CeEErarRr



Van de Graaff Accelerator
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Acceleration
by Electric Field

. DC(Static Field)
. RF Field(Alternating Field):
. Main stream method in modern accelerators.

. Supply Radio frequency wave to Cavities.
Accelerate charged particles using the
electric field within cavities.

- Synchronization of the RF frequency with the The Cockeroft-Waiton
particles should be considered. Accelerator in KEK-PS.



RF Acceleration

Radio Frequency
wave (Electric-magnetic wave)
Inside a cavity create
alternating Electric field.



RF Acceleration

Radio Frequency
wave(Electric-magnetic wave)
Inside a cavity create
alternating Electric field.

Combining Cavities for
efficient acceleration.
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RF Acceleration

Radio Frequency
wave (Electric-magnetic wave)
Inside a cavity create
alternating Electric field.

Combining Cavities for
efficient acceleration.



Phase stability

Acceleration
Voltage

Ime

Front side Back side
of beam

of Beam

Buckets

Stable phase for
LINAC and
Low Energy Ring Acceletor

Stable phase for
High Energy Ring Accelerators



Beam Stabilities
and
Oscillation

- Beam In a ring(periodic structure)
accelerators osclillate around stable orbit/
phase.

- Strong Focusing : Betatron Osc.

- phase stabllity : Synchrotron Osc.



Beam Instabilites.

- Coupling between these oscillations can cause instabilities when a
resonance condition mets.

. Space Charge Effect: Electric-magnetic fields generated by
surrounding particles in a beam.

- Wake field: Electric-magnetic fields generated and left in the
accelerator by beam.

- non-linear forces can also leads to resonances between these
oscillation.

- Edge fields of magnets, Errors in magnet, higher pole
magnet for correction.



Space Charge Effect
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Stabilization

- As Beam current and Beam power increase, beam instability
caused by space charge effect, wake field effect and other
source become more important.

- (Possible) cures against beam instabilities

- Introduction of decives :Higher order cavity, smoothed beam
pipes etc.

- Suppression of instability by Fast Feedback

- Reduce beam resonances: Optics correction/Higher order
component correction.



Example of beam control

- Closed orbit correction

- Errors in magnets caused offset of averaged
orbit from design orbit.

- using steering magnets, this orbit error can be
corrected.

- In J-PARC MR, 186 Beam position monitors and
93 steering margets are used this this correction.



Closed Orbit Correction

Orbit data before correction
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After beam Correction
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Accelerators

Vacuum System — chassis n

RF(EM wave) System — engine/ __ mn
motor
Magnets — Tires
Injection/Extraction — 7
Monitors/ — Censors

Beam |lhstrumentation

Control System — Steering/
Driver



Conclusion

" [MRMZN-OCCT 073 1 VALMRPWE ——

1

-Wide range of
Accelerator ;
Research is ' “

essential to MH j

-

3C0

00.‘33.2[ — .o . .o . . TR “sme .o . .o . .o TR “sme . . .o
00:00:8L _ e =
U'J.UU UU — .o . .o . . TR “csme .o . .o . .o e e “csme . . .o

. . . .
achieve _||g| I 100 | |
- - o o A N N c
o «© o oo oo o o o c o
L — - — — — - — -
gD 2—‘ gl\) gw F = (] (w]] ng
5's c'T AT AT ) T T =z
errormance = &3 g g 5 : 5 c-
o o o o o o o o
— [ [ [ [ [

accelerator
operation and
Physics output.




Any Question?



