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ALS-U Storage and Accumulator Ring Kickers

Booster to AR Non Linear Storage Ring AR-SR Transfer Lines
Transfer Line Kicker
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A non-linear kicker will be used to inject the beam into the accumulator ring.
Swap out kickers to transfer beam between the accumulator and storage rings are a
stripline magnet design, driven by an inductive adder pulser.

’\ ...| For details on ALS-U project see: l ‘
RIS Status of the Conceptual Design of ALS-U, C. Steier, etal, IPAC17 ALS-U v‘}




Conductor Current (A)

Injection into the Accumulator Ring

* Tracking and NLK optimization studies for injection into the
accumulator ring are incomplete.

* A non-linear kicker is being readied for installation into the
existing ALS storage ring.
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Multi-objective genetic algorithm was used to optimize the magnetic

field of a BESSY type non-linear magnet, and to match the injected
beam Twiss parameters to the ALS.
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NLK Optimization for th% ALS

Optimization Constraints 5 | 6
“He>1.2mm
Field free region in horizontal +- 0.5mm (2 sigma)
@ 1 ) 2
Dipole field By By<0.135 G / >7 mm
A > X
Quad field dBy/dx* dBy/dx<1100 G/m \ J
o, o,
Field free region in vertical +- 0.05mm
o0
Dipole field Bx Bx<0.035 G 8 7
Quad field dBx/dy dBy/dx<5040 G/m
Other constraints, bus height >7 mm, Conductor R [mm] Theta [Deg]
separation of buses > 1.2 mm. Optimum
current was 776 A. B 8.8241 51.9646
OB 17.8089 85.3137
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NLK Magnet for the ALS

XY Plot 1

3.0E-005

2.0E-005

Ceramic

/ Chamber

1.0E-005 +

& 0.0E+000 -

-1.0E-005 \

Ti (Au) Coatin
-2.0E-005 i 5

axel
= Bus Carrier

Titanium coating on the inside of the
alumina chamber designed to dissipate <
10 W from the beam image current, (<1.05

1.0E+002

4.0E+001 6.0E+001 8.0E+001

Distance [mm]

-3.0E- A
8 0E+000 2.0E+001

Magnetic field profile of By along a line
through the center of the aperture, in T/A.

Field is tunable by moving the bus carrier.

30.00

25.00 |

20000

o o T e B
30.00 40.00 ~50.00

Distance [mm]

60,00

7000

Sl 1 [ istAdaptive
Fre p1H F‘h pod
Set [ E
Fre q 31622776 Hz' Phase='0deg’
S( 1 t stAdaptive

p(OH ' Phast p Od
— M

t

2ot q o 62277ng ’ Phase="0deg’

s«pﬂ: stadapti
Fre: euH Phase=0deg’

S tu) p1 t stAda; pl
Freq="100Hz' Phase='0deg’
— M B
E
F q 315227755»1 " Phase="0deg’
Mag,
Setu up] t
Fre q 1000H Ph S='0de eg'

E
F q 3162277SEH ' Phase='0deg"

"80100"

Sety p1 tdapive
Froq=10000t2 Phase=0deg’

‘g0 " 10000

LRSI -

Ohm).

|B| along the center of the
aperture, at different frequencies,
approximately 2 % attenuation for
our pulse. The time constant of the
eddy currents is insignificant. l

ALS-U ‘J‘



Magnet Model & Cooling

P oo Air Flow Ducts

Bus Carrier & .
Trimming Jacks ' AL g

Magnet
Buses

Expected temperature rise
with 16.5 W dissipation on
the Ti coating is

approximately 15 C, with 1

m/s air flow. l"
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Magnetic Measurements

B-dot
Probe

Positioning
Jack

Both Bx and By across the aperture will be mapped using a B-dot
probe. Need a resolution of 1part in 2200, which should be easy
with either a nominal current pulse and LNA, or an audio 4’4

amplifier driving the magnet at ~ 10 A and a lock-in amplifier. ALS-U Vgp



NLK Pulser

2X
Rc e Design Parameter Value Units
— /M % Magnet Current 1000 A
| B Magnet Half Sine Width 1.3 S
<>6 KV ——75nF _ =2 uH
— Driver w/ wiring [Magnet/Cable Inductance 2 uH
Charge Voltage 6 kV
PRF 1 Hz
S — 4000 1000
Current reversal at 3000 ‘\/ﬂ\ %
end of pulse is so00 : -
recovery of a fast / \ \
diode in series with T / .
the SCR. Pulser is $ . | \ .
tunable % sine / \
modulator. Will be -1000 ¢ \] i G
located in tunnel to \
-2000 % M_ -200
reduce cable b

impedance. -3000 - -400

0 5107 110°  1510° 210° 2510° 310°

Time (s)




NLK Status

* Magnet stand was installed last January

* Modulator is built and tested with dummy 2 puH
load.

e Chambers are machined and in house

— Ti coating process is still being evaluated, both
evaporation and magnetron sputtering

— Brazing of test pieces for the vacuum flanges is in
progress

e Fixturing for magnetic measurements has been
fabricated. Initial measurements on non-vacuum
magnet are proceeding

* Planis to install the system in Jan. 2018.
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AR-SR Swap-Out Kickers

Fenders

« Storage-ring bunches transferred to accumulator

« Accumulator bunches transferred to storage ring

Gap Bunch Train Gap -
<10 nsec <50 nsec <10 nsec ‘

Fenders are used to
better match the odd
mode impedance of 50
Q) and the even mode
impedance of 64 Q).
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Magnet buses and fenders 6 mm

are tapered at the ends so
- that both modes are 50 Q.
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ALS-U Swap-Out Kicker Requirements
& Specifications

Parameter
Beam Energy
Bend Angle
Magnetic Length
Aperture

B Field

E Field

Rise/Fall Time
Pulse Width

PRF

Inter/Intra Pulse
Ripple

Value

2 GeV

3.5 mrad
2m

10x6 mm (HxV)
5.83mT
1.75 MV/m
<10 ns

50 ns

1 Hz

<10/1 % FS

Kicker System Requirements
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Parameter Value
System Impedance 500
Magnet Current + 106 A
Magnet Voltage + 5300V
# of Adder Cells 8
# of MOSFETs/ Cell 8

Kicker Modulator Requirements

@\
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Calculated Beam Impedance

I ) 440
500 I
mm

v

v

Real Part (Q0)
~N
a

Longitudinal 5 20 |
wake s /\{\/\
impedance. 10 i

Longitudinal Imped

0 1 2 3 4 5 6 7 8
Frequency (GHz)
60 —
Port
—— Upstream
40+ —— Downstreal m B
20+ —
<
|E| at magnet 2 i N
. . o _—
terminals. g

-20 -

~
| \ (P
,,,,,,, ; | G
BERKELEY LAB 1.10C, 40pssigma | ALS-U ‘
T I |

-60—|




Modulator Options

Modulator considered were a 4 Cell T-Line Adder, 120 V DC
LBNL designed inductive adder 100
and a transmission line adder, 0
and a pulser from FID. The 100

-200

inductive adder and the FID
pulse mostly met requirements,
the transmission line adder had

— A problems with ringing. .
I'r/r—r>| "I| 3.00E-08 5.00E-08 7. OOI;I-IOPé1 %% 2JE 08 1. 1@‘07
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The Inductive Adder

509

Stage 1 < | = . -Vpulse
! N ison
. : . : J% T
Bipolar inductive adder using
RF power MOSFETs and ferrite
cores. Eight induction cells,
each with eight parallel 5 ges
MOSFETs. In the future, we (1)
plan to add more cells and I
MOSFETs for redundancy and Stage 8
performance. J% TH | o

T }
%SOQ




>
o

Cold Model & Magnetic Measurements

Non-vacuum “cold model” was built
to measure field quality, magnet
impedance, beam impedance and
beam induced voltages.
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Port Voltage (V)

Longitudinal Impedance - Real Part (Q)
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Measurements

Spot B-dot probe
at different
locations along
the magnet, and
the calculated
field from the
drive current.

Integrating B-
dot probe
measurement
and calculated
field from drive
current.
Difference is E
field coupling.

Spot Probe Measurements in Tesla

Bl and Bcalc



| _DOE Fast Kicker
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Magnet was designed for
installation at ALS to test a
stripline kicker system with
small aperture (6 mm
between buses). Vertical kick
due to large horizontal beam
emittance.

The inductive adder was
installed to drive the magnet.

G5
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Magnet Shimming

To correct for mechanical tolerances,
provisions were made to install various
thin washers under the ceramic post to
adjust the height of the buses. EM
calculations were made of various bus
heights to compare with TDR
measurements to predict the amount of
shimming required.
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We also used a “mirror
plane” to measure the
Odd mode impedance.
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Characteristic Impedance (Q)

Characteristic Impedance (Q)
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Impedance Verification
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W e After assembling the two
r / \\ [l halves, we can calculate
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//“
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Kick amplitude [mm at BPM7]
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ALS Installation and Commissioning

0 20 40 60 a0 100 120
time [ns] Magnet Installed at the end of

ALS-SR Sector 2.
Kicker pulse measured with a BPM in Sector 7.
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Redesignh of DOE Kicker Buses

During ALS start-up in March, the
current was run up to 500 mA
without engaging the 34 harmonic
Bus warped  cavities. This was a condition we
toward beam never anticipated during the
=2 mm. design, and caused one of the
buses to warp.

A thicker bus was designed as well
as having more compliance in the
expansion joints. The magnet is
being reinstalled this week.

In addition, a power meter is being
installed at the load to act as an
interlock if it detects too high of
power (should only be dangerous
__J in multibunch mode over several
et ' hundred mA). l

BERKELEY LAB ALS-U ‘




Swap-Out Kicker Status

* A prototype magnet and power supply were built
and installed at ALS, which demonstrated most of
the key parameters needed for ALS-U.

 We plan to continue testing the magnet and
power supply at ALS to gain experience with
magnet heating, beam induced voltages, and
reliability.

* Next step is to build a magnet for the smaller ALS-

U emittance, and a modulator with built in

redundancy.
@\

ALs-U )




Conclusions

* The prototype stripline kicker (DOE) and inductive
adder have proven to work as desighed. We now
have confidence we can deliver a system for
swap-out injection for ALS-U.

* The non-linear kicker is progressing more slowly
since it is not required for either ALS or ALS-U
operation. We need to demonstrate an injection
efficiency over 90 % for success.

A NLK systems is planned for ALS-U, still
developing requirements.
(P
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