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How do twiss parameters propagate through iron, cryostat, inflector into ring

(1) hole in back leg, (2) storage ring fringe field, (3) inflector channel
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Wuzheng’s detailed 4.3m field region

Tangential Refere 1Ne
Inflector

63.9 deg Beam Line
\

Injection
Point

12.35

Muon
Orbit

Effective gradient G = (1+cos(63.9))/2 (AB,/AR)
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IBMS: A system of 3 detectors to monitor the beam during injection
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Inflector field gradient

By in Inflector Bore (Z average) as Fractional Deviation from 1.45T. W. Meng Map. Unrotate:
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Fig. 7. Inflector cross-section.
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Cool storage ring magnet and power

Flux penetrates shield - Type 11 0.009 T threshold

Cool shield-inflector - main field penetrates and is trapped
Power inflector - shield acts like perfect paramagnet
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Injection channel defocusing

The 4.3m injection channel can be modeled as follows

quad quad
Qgyinge(k=-0.36) Q,+(k=-0.16)

| -

1.bm 1.3m '\ 1.7m

Dipole fringe and inflector
overlap

drift

Or we can compute the transfer maps numerically by tracking
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Injection Channel

1.25°

Tangential reference line

Muons come to the end of the M5 lin&
and then propagate through: s
 Hole in magnet yoke . o
e Dipole fringe field

* Inflector

And exit the inflector 77 mm from the
center of the dipole aperture

Beam vacuum
chamber

The magnetic field is near zero at the
inner surface of the yoke, and rises to

1.45T between the magnet poles, over a
distance of ~¥39cm
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Cross Section of Storage Ring
and Magnetic Field

= I

N
,/( — —
: ot




Radial beam motion

= Concave Wall

Beam exits yoke

Beam through outer coil
Beam through Inflector
Beam kicked onto orbit

January 21, 2019
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50 |bs/in
(30 Ibs/in)

Net Magnetic Force on an exact Pole

716 Ibs/in
(800 Ibs/in)
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Kickers

Inflector

Kicker fields scale with displacement d

With larger aperture inflector Central orbit

injected muons

d=77mm =>91mm

Kick angle ~10.8 to 12.8 mrad _
Integrated B-field ~ 1.11 to 1.31 kG-m kicker plates

3 —-1.27m kickers

T..= 149 ns

rev

January 21, 2019 D. Rubin 27



Kicker Magnet

10.8 mrad kick corresponds to 1114 kg-m
— 292 G for each of 3 - 1.27m long kicker magnets
— 5000 A

dI
V=L—
dt

Fast pulse => high voltage
dt =10 ns, dl =5kA, L~ 1 micro-H =>V = 100kV



WV

Stored energy

Thyratron
switch
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thyratron

Pulse forming network

January 21, 2019

Magnet
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Triaxial line

Deuterium gas filled thyratron switch

January 21, 2019 D. Rubin

Thyratron

Housing

Resistor regulator for
reservoir (from slide 12)

Cover
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Thyratron switch
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TO THE CHOICE OF HV PULSER SCHEME/TYPE
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For modeling with PSPICE (Cadence)

12.5(8.25) Ohm

12.5(6.25) Ohm
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a) Original Blumlein scheme;
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N4
| S |

4.5 nzec
25-200 0Ohm

T
¥4

25 nsec
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b) In a second coaxial the conductors are switched, so the potential of inner left coaxial is the same as the

potential of outer right coaxial;

g_zcgolﬁ%%ta ggﬁ)ﬁlqaele%ri\nsgerted into the left

5/2@)Final scheme.

one. For this purposes its radiuses increased accordingly.

D. Rubin, A. Mikhailichenko, J. Bennett
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Topological transformation of Blumline scheme

-
\4 Vv .
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\ /
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|
AVAVAYAS | |
yA| T : l

Fast switch
(Thyratron)

Alan Dower Blumlein (29 June 1903 — 7 June 1942) was a British electronics engineer, notable for his many
inventions in telecommunications, sound recording, stereo, television and radar. He received 128 patents and
was considered as one of the most significant engineers and inventors of his time (Wikipedia).




End jumper

Scheme recommended for the future

_ _ /-HV
Voltage at the input exists only for

j Bem the time while the pulse front
AP avels to the end jumper and back

Matching

resistor Oil filled tri-axial line

i T]

Thyratron

Front jumper

"~ o —"
) AR |

—

While using a bi-polar thyratron, one can .
control the HV out-polarity
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Individual load for each cable (50Q))

KANTHAL® resistors; 1” OD; 8” long

January 21, 2019 D. Rubin 38



HV supply

“charge now

Charging Circuit

Charging

|
“In l’)it" input ) : 1:85 resistor
charge !
|
— — SCR | 5kQ
~1500 V :
Power | ==300 wf I' HV
Supply N I transformer
SRR Capacitor :
swut.chlng bank |
device t !
In air : = L
------------- 1 —
: In oil
W —

SCR — Silicon Controlled Rectifier -Thyristor

Tapered trandormer

71

thyratron

The time between “charge now” and the thyratron triggering ~ 2 ms
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Macor HV Standoff
Vacuum Chamber

<
§ ] i
\ | Kicker Plate
\ |{/NMR Trotiey ! nce
\ | field
§ i | {—Beam Center
% = | Magnetic field lines (or electric potential)
7/ / L
Trolley Drive Cable

Macor Baseplate

Kicker has 3 identical sections of 1.76 m-long each

Each section feed by its individual HV pulser

Field distribution in transient moments



Some profiles of kicker electrodes and guidelines

L.Roberts, “Kicker R&D Work Plan: Options and Time Estimates”,
New Muon (g-2) Technical Note #003, August 14, 2008.

Make the impedance of the stripline kicker as low as possible;
Lower impedance yields lower voltage for a given current that runs in the plates.
Make the field distribution either more homogenous or with appropriate dependence on
the transverse coordinate, if necessary by injection.
Choice of materials should be done carefully, taking into account nonzero susceptibility.
Stray fields in surroundings are another subject for research. Good conductors allow
reduction of the fields capture in a skin layer, but circulation time for the currents
captured in a skin-layer becomes longer, so careful analyses required here.

Profile of electrodes will be chosen with appropriate 3D modeling -



ith FlexPDE

ion is in progress w

3D field calculat
Plans to do this with HFSS and CTS studio (License granted)

09:59:53 5/4/12
FlexPDE 6.20
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Picture from “Final report on the Muon E821 Anomalous Magnetic Moment Measurement
at BNL” (arXiv:hep-ex/0602035v1 20 Feb 2006)

_Inflector

Calibration
IR probe

Selected muon storage ring

parameters

291_ c W\ Parameter Value

/ E Tracepack i\
E chanibers '\ Nominal magnetic field 1.4513 T

l (78 fonior-" : _—>
Klee rs 7 Nominal current 5200 A

| B |
C ' Equilibrium orbit radius 7.112 m

Muon storage region diameter 90 mm
Magnet gap 180 mm
Stored energy 6 MJ

180 Fiber
monitor

FIG. 8: The (g—2) storage ring layout. The 24 numbers represent the locations of the calorimeters
immediately downstream of the scalloped vacuum chamber subsections. Inside the vacuum are
four quadrupole sections (Q1-Q4), three kicker plates (K1-K3) and full-aperture (C) and half-
aperture (%C‘) collimators. The traceback chambers follow a truncated scalloped vacuum chamber

subsection.
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Current Generator

12.5 Q Blumlein triaxial transmission line

Assembled from 6 — 60 inch sections (20 ns/section)
(30 ft long)

Filled with Castor oil, €=4.7, (pulse length t a Ve) (as
compared to Corning 561 silicon oil, €=2.7)

Concentric tubes are separated with teflon standoffs (we
plan to replace with macor)

Two grid(fast) thyratron — rated for up 70kV — 15kA
(7.5 kA in load)

Coupled via 4 parallel 50Q coaxial cables and resistors
(12.5 Q equivalent) to the kicker magnet



Blumlein Pulse Forming Network

v

e

K 2 K

Blumlein

K K

Simple transmission line

* voltage at load is equal to charging voltage - voltage at load is % charging voltage

* Base of switch (thyratron) at ground

e Base of switch floats

| D ] D | Rs>>Z,
) §
7/

vV ZO:;_%

L Z,=27,
D |
14
/2T vV
VA V/2T
-V/2[
Vor 2D /L€
Pulse length T=—=2D a
January 21, 2019 D. Rubin v & 46



Blumlein Pulse Forming Network

Tapered transformer

/ |
vaT— )
T )/
insulator
thyratron
2D /L€ D=9m
T = = 2D . ¢ =4.7 (Castor oil)

January 21, 2019

=> T =120ns

D. Rubin
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Blumlein — matched load - magnet

Direction of kick <— Hcenter

Z.=120) R=70

= i Lo A

A
EE Loading >
Z :50 resistor

Beam of pu*

5

In a Blumlein (and in E-821) the
pulse has negative polarity
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Blumlein schematic

12.5 Ohm Blumlein

i ._[H

] a7

Four parallel 50 Q coaxial
cables couple 12.5Q
Blumlein to load

172

3500A X 12.5Q =43.75kV

January 21, 2019 D. Rubin
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Blumlein business end

January 21, 2019 D. Rubin 50



CABLES AT THE BLUMLEIN END

\

CAP ON THE INNER Ci
CONDUCTOF
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4 —parallel coax to load

NN
- F
N
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RESISTORS AT THE INPUT OF KICKER

\

Vacuum
chamber

g

& Resistors are cooled
nert “*@

\‘x,

\ ¥
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’ ¥ ¥ -
e 8 : vl
% Fe
b -
Al i *;»M !
> : .b“‘%,
. TG -
> T L
N e
o 3 “-1\_('&;_‘-,‘.‘ /

EACH 50 Q CABLE LOADED TO 50 Q RESISTOR
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Coupling to magnet  c.iex

= .

4 50Q coaxial cables 4 load resistors Vacuum chamber
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Load resistors
cooled in flourinert
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CABLES AT RESISTOR SIDE; EACH CONE CAPTURES IT’S RESISTOR

January 21, 2019 D. Rubin




ranstrormer anc
shorted kicker
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Inflector — Kickers - Quadrupoles

January 21, 2019

Calibration
NMR probe

= chambers

[_1270° Fiber K1
19 monitor
Trolley 7
garagé
C K2

180° Fiber
monitor
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TRACEBACK CARRIAGE .
WA FBM-BEAM MONITOR . -

T EHAMBERS C-COLLIMATOR

- — = IROLLEY

INFLECTOR

O

INFLECTOR

CP-CALIBRAT., PROBE

AT I GARAGE

D. Rubin

KICKER
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STANDARD
CHAMBER

FEEDTHROUGH
AND LEADS
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FLECTRODE
3mm ALUM
PLATE

ELECTRODE
Smm ALUM

CERAMIC
ELECTRODE
SUPPORT
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GROUND
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ALUM (4)

ELECTRODE
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Nominal field configuration

w4

— .

-32kV -32kV

-

2.880e+004 : >3.200e+004
2.560e+004 : 2.880e+004
2.240e+004 : 2.560e+004
1.920e+004 : 2.240e+004
1.600e+004 : 1.920e+004
1.280e+004 : 1.600e+004
9.600e+003 : 1.280e+004
6.400e+003 : 9.600e+003
3.200e+003 : 6,400e+003
-4,288e-004 : 3.200e+003

-3.200e+003
-6.400e+003
-9.600e+003
-1.280e+004
-1.600e+004
-1.920e+004
-2.240e+004
-2.560e+004
-2.880e+004

 -4.288e-004
 =3.200e+003
: -6.400e+003
: =9.600e+003
» -1.280e+004
 -1.600e+004
 -1.920e+004
 -2.240e+004
: -2.560e+004

<-3.200e+004 : -2.880e+004

Density Plot: ¥, Volts
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