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GUTENRERG.. iy
- Short Introduction: The Mainz Microtron MAMI

 Harmonic Double-Sided Microtron (HDSM) Design
dipoles with field gradient, harmonic rf-system

+ Construction
dipole field correction, 4.90GHz rf-systems

- Commissioning
first beam, first beam measurements, first experiment

» Operation
beam parameters, operation statistic

* Future Prospects
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The Mainz Microtron MAMI B -

cascade of three race track microtrons —— —
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The Mainz Microtron MAMI B, RTM3

450 'I'ons per magnev
1. ZBT, mdgneﬁc fleld
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The Mainz Microtron MAMI C . TR ar

____________________ —— — "
. -—|m% - J om n—=
| - l’ \l : 1 o ‘
' o U A2
: g --f_HDSM-_Ti : | I: |
l ____ i‘l{ / l' I i B I —
- v N K
L R 1 i e . J
I _RTM2 7 j".;:_ e A :_ ==
I - = —
: i Xl |
: RTM3 , N
! bl —— 1 11—
1 1999: new Collabor'aﬂve Research Cen'l'er' ; —_
: Decision to add a fourth stage . B o=

(in existing buildings) L I !
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' - goal: ~1500MeV :
; - max. 100uA cw current ! iR
| *+ same beam quality as MAMI B :
: * make use of Institutes expertise : e
i (nc-cw linac structures, magnet design) |
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HDSM Design _ GUTENRERG... [
A fourth race track microtron ?

E=855MeV E=1500MeV
(B=128T = const. )
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HDSM Design _ GUTENRERG [ty
A fourth race track microtron ?

E=855MeV E=1500MeV
(B=128T = const. )
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HDSM Design GUTENRERG [ty

Double Sided Microtron
(K.-H. Kaiser)

our solution
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HDSM Design GUTENRERG.. fim

Double Sided Microtron
(K.-H. Kaiser)

250 t 250 t
‘ our solution "
250 t 250 t
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HDSM Design GUTENRERG.. fim

Double Sided Microtron
(K.-H. Kaiser)

250 t 250 t

our solution

250 t 250 t

43 turns, 855MeV — 1500MeV
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HDSM Design i GUTENRERG...

dynamic coherence condition of a DSM:
path length increase from turn to turn must be equal to 2x\

per magnet

e-c-B

Rm,_ ; - AEZK.
1Y TE_Z

27
phase advance / turn
J (R, 1~ R) (R' 1~ R)} r4=2 (Tc 2) AIQ. must be 2x2n in a DSM !

e.g.: B=1.28T, 1=0.1224m (2.456Hz) = AE=41.1MeV
(with nc cw-sections: linac ~ 45m)
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HDSM Design i GUTENRERG...

dynamic coherence condition of a DSM:
path length increase from turn to turn must be equal to 2x\

per magnet

T—2

27
phase advance / turn
J (R, 1~ R) (R' 1~ R)} r4=2 (Tc 2) AIQ. must be 2x2n in a DSM !

e.g.: B=1,28T, 1=0.1224m (2.45G6Hz) = AE=41.1MeV
(with nc cw-sections: lin

Therefore here: 1;;,=0.5 - 0.1224m = AE=20.5MeV
(linac ~ 20m)

The fundamental frequency of the DSM must be
4. 90GHz instead of 2. 45GHz |

Andreas Jankowiak, Institut fir Kernphysik, Johannes Gutenberg - Universitat Mainz EPACO8B, Genua - Ttaly




HDSM Design, field grﬁdienf GUTENRERG.. [iviemt

compensation of vertical
fringe-field defocusing ?

top
view

side view

a
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HDSM Design, field gr'ciciién'r . . _ GUTENRERG.. I
dipole with fleld-gradlen;%

compensation of vertical i

fringe-field defocusing ?
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HDSM Design, consequeﬁﬁés of the field gradient GUTENRERG,. [t
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With increasing energy the beam intrudes deeper and deeper into the 90° dipoles and experiences, compared to
a homogenous dipole, furn by turn a relatively decreasing field-integral, which requires less energy gain
per turn to fulfil the dynamic coherence condition.
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HDSM Design, consequeﬁﬁés of the field gradient GUTENRERG,. [t
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HDSM Design, consequeﬁé_es of the field gradient GUTENRERG., et
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4 90GHz rf-gradient
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band when certain phasing error between linac 1and linac 2
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HDSM Design, harmonic operation GUTENRERG @%3

Scheme of longitudinal bunch positions in a DSM

(remember: sub-harmonic injection with 2.456Hz into a 4.906Hz rf-system)

A’DSM

,=23 (2x11.5)

(in units of Apsy)

A=2° Apsu
2 Linacs, operating at v,=4.90GHz resp. v,=2.45GHz

Harmonic Double Sided MICI“O'I'I"OI'I (HDSM)

Andreas Jankowiak, Institut fir Kernphysik, Johannes Gutenberg - Universitat Mainz EPACO8, Genua - Italy




HDSM Design, harmonic Hper*ation

linac amplitude [a.u.]

GUTENRERG, ==

1,2
14
1,0
0,9-

018__ .......

one 490GHz linac

one 2.45GHz linac

HDSM

+

less steep gradient of 2.45GHz wave avoids reaching instable area

2 times a
4906GHZz linac |

— LINAC |
—— LINACII'| ]

0.0-
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50 9 120

— — — instable region of longitudinal motion for 4 90G6Hz wave
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HDSM Design, harmonic _6_per°a'rion

Harmonic-operation
(highest longitudinal beam stability)

DSM, 2 x 4.90GHz linac
longitudinal phase-space DSM
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HDSM Design, harmonic operation GUTENRERG.. [t

Harmonic-operation
(highest longitudinal beam stability)

DSM, 2 x 4.90GHz linac HDSM, 4.90GHz + 2.45GHz Linac

longitudinal phase-space DSM longitudinal phase-space HDSM
linacs Ap=3° error (relative to 4.90G6Hz) linacs Ap=5° error (relative to 4.906Hz)
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GUTENRFRG... [P
The Harmonic Double Sided Microtron (HDSM

PR &
(LTl

LINAC I (4906Hz, 9.0MV)

| B=1.539T

Matching-Section
A 43 turns
10m

No. 2

e

'ﬂﬂl&*mﬁon 855Mey

— - - N —

| No. 1
LINAC II (2.456Hz, 9.3MV) °

No. 4

Best approximation to the inherent stable and reliable RTM principle
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Construction: dipoles with field gradient GUTENRRAG [

Design and construction drawings by KPH

Transport and installation of all
four magnets finished in 2002

measurement of the magnetic field
of all 4 magnets to get the data for the
construction of surface correction coils

Magnet as it is: AB/B ~ 10-3

(in the central area: ~10-4, excellent
manufacturing quality)

required is: AB/B ~ 104

measurements finished: 09/2003 J
correction coils ready and checked, magnets
finally assembled: 03/2006

Andreas Jankowiak, Institut fir Kernphysik, Johannes Gutenberg - Universitat Mainz EPACO8B, Genua - Ttaly




Construction: field correction GUTENRERG... i

HDSM dipole 03, field map
(normalized to ideal field gradient, B, =1.539T for 1508MeV)

T T T T T T T T T T L L I 1! 1 1 I I T T 1 15
1200 | . E

1000 + ct - s

= ouT correcrvio =
S

£ 800 | o
= 600 [ o -
X 400 F -5 %

200 E -10

o . -15

0 1000 2000
z [mml
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Construction: field correction GUTENRRAS xr fﬁ%

HDSM dipole 03, field map
(normalized to ideal field gradient, B, =1.539T for 1508MeV)

R e e g1 et et e BT " ' 3 15
out correctio

r— T

o
dB L[G]

-1000 0 1000 2000 3000

&
8
T
0 1 i I
-3000 2000 -1000 o] 1000 2000
z [mml
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Construction: 4.90GHz linac GUTENRERG . [
8 linac sections ("in house" development, 35ACs, 81MQ/m)
9.0MV: 117kW rf-power + 38kW beam loading (@100pA)
= " = , = s = .

— - = — — Ty — —

£ 6
r TR Eﬂ
i 3

klystrons (4 x TH2166, 50kw cw)

- successful section prototype test: 07/2003
* last section delivered: 02/2006
- first module (No. 3) tested: 08/2006
- ready installed, under vacuum,
power tested: 21.11.2006
- final phasing: 06.12.2006

4.906Hz/50kW cw klystron TH2166:

Andreas Jankowiak, Institut fir Kernphysik, Johannes Gutenberg - Universitat Mainz EPACO8B, Genua - Ttaly




Construction: 4.90GHz linac GUTENRERG... e
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Construction: 180°-bend_i'|;|g system

|2x2x43
2_,x2x2x43

Andreas Jankowiak, Institut fir Kernphysik, Johannes Gutenberg - Universitat Mainz e sttt e EP ACO8, Genua - Italy



Commissioning: Novernb'e_r* 2006, first full turn GUTENRERG.. [iviemt
(4.90GHz linac not ready, no acceleration)

=]

) NV
\\\\\\ )
N § §

mEt O

Field in Dip03+04 reduced by ~9MeV/855MeV = 1.05%
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Commissioning: November 2006, first full turn GUTENRERG.. [iviemt

(4.90GHz linac not ready, no acceleration)

o NS After one full turn without acceleration
v\ the beam enters for a second time
DipOl and is again bent by 90°.

i
" =
U NO . 2? | Y

el
Z/

/M»f.
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o;}s
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NO4 5

mEt O

ét

Field in Dip03+04 reduced by ~9MeV/855MeV = 1.05%
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Commissioning: Novembérj _2006, first full turn GUTENRERG. fiviem
(4.90GHz linac not ready, no acceleration)

]

=]

,< After one full turn without acceleration
\\

E the beam enters for a second time
Dip 01 and is again bent by 90°.

NN SN

mEt O

, important beam 'resf. n O
| + check of alignment of dipole chambers i

N
%" + commissioning of low-Q rf-monitor signal N

| digitalisation el
NN (beam position / phase + intensity on ﬁ ™
:>0Th Imac axes) |

Field in Dip03+04 reduced by ~9MeV/855MeV = 1.05%
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Commissioning: 19. December 2006, 43 turns GUTENRERG . [

43 turns: 193h (after ~8h)
diagnostic pulse mode:
|~ 100pA peak, 12ns max. 10kHz = 12nA average

S _
855.3MeV beam &j

from RTM3
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7777

(extraction beamline still not ready)
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Commissioning: 19. December 2006, 43 turns GUTENRERG . [

43 turns: 193h (after ~8h)
diagnostic pulse mode:

@ 100nA peak, 12ns max. 10kHz = 12nA average
855.3MeV beam H R NN NN
From BTIAS synchrotron radlahon
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(extraction beamline still not ready)
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19.1'2.20_06, beamf not wellmuﬁ:he'ﬂ

.'..-.-!..-.f-.liih"-.-.-'. . ":."--. F 3 __‘

furn 43 = % : ey

20.12.2006, beam well matched, no beam losses observable
(with the available diagnostics) -

.--.--a--.i..b"--.-..Il‘..-...-.... - - ..

turn 1

A
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Commissioning: position and phase measurement GUTENRRASxr [y

horizontal 1t

. vertical 1 .

horizontal 2

'i- ™1 T | T

vertical 29

intensity |}

L e Y e L e~ oo | i wa e ps | g emnne | e [ ot
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1| 1]
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Fatat] 4B D@ 13 Windkem |t- Assintort | ¥ pai |l ||}.-qd | o boc - i | (5 istbi e | R E e || @Y acquee-ance (B R, i3

sugnals of Iow Q rf-monitors of both HDSM linacs

. 2 456Hz ||nac
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Commissioning, optimisation of corrector magnets GUTENRERG.. [isiem
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Commissioning, optimisation of corrector magnets

linac I axis-correctors

No. 2

/ stray fields
ﬁ,i .

recirculation path correctors

No. 1

No. 4

linac IT axis-correctors
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Commissioning: optimisation of corrector magnets GUTENREASr it

return path system Dipl+2, horizontal
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Commissioning: J'anuar'y;Febr'uar'y 2007
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Commissioning: January-February 2007 | GUTENRERG...
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Commissioning: January;February 2007

\ ———
o
.- o
f T
:
Ay

hY

08.01.2007 - 24.01.2007: 5 days of bearn fests
Beam on dlagnoshc beam dump (fms*l' extracted beam) B i

NP =N SR |

06.02.2007 - 08 02 2007 2 days of beam 'I'eS'I's
‘E/ Beam gmded 'I'hr*ough e><'l' ion to SFTFLUMO16

| bt h&dlmml

e T T
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Commissioning: J'anuar'y;Febr'uar'y 2007

hY

T AT

\ —
o
oy (3
g a
4
T A o

T

08 01 2007 24 .01. 2007 5 da s of beam tests
Beam on dlagnoshc beam dump (fms*l' exfr‘acfed beam) B i

06.02.2007 - 08 02 2007 2 days Of beam 'I'BS'I'S

Beam gmded 'I'hr*ough ex'l'r'achon to SFTFLUMO16

.

[ S h&dlmr@n 1 e

N

T T Ty e e L R &

13.02. 2007 23.02. 2007 7 days of beam tests
First beam on A1 dump: first hlgh power“operation (10pA):;
first polarized beam (~80%)
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Operation: first user run GUTENRERG.: [t

Value

23.02.2007 - 05.03.2007 user operation
1.5086eV, 10uA,
polarised beam ~83%

Strahlstrom RTM3 uA (letzter Wert 2007-03-05 07:13:54: ON)

| | | beam on target: >80%
o | short high current test: 50pA
(75kW beam power)
B e

40 |

20 -

L
Fr., 23.02.2007, 12.00 Till Mo., 05.03.2007, 6.00

Andreas Jankowiak, Institut fir Kernphysik, Johannes Gutenberg - Universitat Mainz : EPACO8B, Genua - Ttaly




Operation: all experimental stations commissioned with be&HiENRkES::

within only 13 months

I b
W By b,
N % l‘l
~0m, . |\ B
= {“ﬁﬁ = |
RTM2 | ”, R
£ B
'l. ‘:"'. ‘ RTM3 = ‘

Al - Three spectrometer set- -up |

13.02.2007: first beam

Andreas Jankowiak, Institut fir Kernphysik, Johannes Gutenberg - Universitat Mainz

A4 - Parity violating
electron scattering
4= 30.03.2007: first beam
02.04.2007: 15nA

— |

|1 A2 - ngged photon beams

29.03.2007: first beam
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Operation: all experimental stations commissioned with be&HiENRkES::

within only 1 months A4 - Parity violating
‘- I electron scattering
T el 4= 30.03.2007: first beam

. _ Vo 02.04.2007: 151A

?J—H@M_:‘ A2 ] = |
— l\“"i | | A2 - Tagged photon beams
_Jom. b =~ 4 29 03 2007: first beam
oo — -
em October 2007:
Wl SAET high power beam test

100nA@1.5086eV = 150kW beam power
From beam loss monitor system one can estimate:
beam losses well below 10-°
very “clean” operation, as it used to be with MAMI B

Al - Three spectrometer set- up T
13.02.2007: first beam 4
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Operation: beam time statistic GUTENRERG I
10.08.1990 - 02.05.2008: 100.000h of operation with MAMI
S000.00 - O setup, tuning, development 71 71 h
@ polarized
O unpolarized 1
7000004 — [ i
6000,00 el
_ 72 || O 7
= | / / 7 7
© 500000 - % Z é I Z I 7 I é
= nw | 7 R
£ _ A7 919 7
- - 0% <000 0 0
= 400000 - - Z Z I Z é Z Z é Z
i 2REARER
= A A 0 9 U A v
~3000,00 - é 2 % é g é Z
In 2007:
B 7171h of operation
3900h MAMI B, 855MeV
100000 - 3271h MAMI C, 1508MeV
0,00
99 92 93 94 95 96 97 98 99 00 01 02 03 o4 05 06 07
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Operation: longitudinal beam dynamic GUTENRERS. S

evaluation of measured phases

10 ¥4 T I I I I
1 . .
—s linac I fit
N :
T k linac I meas.
) ! . R
D . o
< | . e
o Xy linac 11 meas.
Q@ \¢
o S
o s K. -
‘2 X,
) XX,
o T
& A%
il e G .
= 20 deXx
% xrﬂ%%‘%"}é
o M X
L3 ¥ Nk
@ 30 3% -
o
> 3}
.
o R
T 40 i == WP -
S il o T
3 i 4ot 4.
-50 | | l l | | | |
0 5 10 15 20 25 30 35 40 45

result of fit
4 906Hz-Linac (linac I): +9.2° / 8.60MV (AE,,;=343MeV) (measured: +9.1°)
2.456Hz-Linac (linac 1I): -30.6° / 9.46MV (AE,,,=310MeV) (measured: -31.5° )
E1ng=855.243MeV (AE,,=80keV), E,,=1508.8MeV
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Operation: longitudinal beam dynamic GUTENRERS. S

evaluation of measured phases
P2 456Hz — 3-3° (first beam losses detectable)
I

20 | I I I I I I
— < linac I fit
Y
2P e Y | —
5 wrx /Y linac I meas.
ﬂ" '-'lI FW y [= ek
% or W linac 11 meas. -
1, 4 .':IJ | X ¢ !
-g ;g ’I 'II .! i ; .'I'll h‘, %i £F
A\ J T T e | 1| ]
5, R B 0 (1 LT AT :
- e v JEWININY & B S -
- ; \ % Iy | : =i =8 : ¥
5 JEVEYAVANIE S S Sre.
~ VR VR LA et
‘N 20 % UL XE B e e
| \ | | &
B X I': w;;( - |I { }‘i(*';f; ‘ll [
) Y \ \lﬁ | f
o e e LI ;¥: l|I | |
P . E;!:
£ :
® ==
] — \/ % 5 1ok . A _
E 40 - | i —g— | | i N
m - 4 y J A i, TT -'- !
=3 y i % /) E
SF_| + i | f z ¢ .' i
_50_ | ¥ 4 - |. | ¥ —
-60 1- | I I I- | l- | )
0 5 10 15 20 25 30 35 40 45

result of fit

4.906Hz-Linac (linac I): +9.2° / 8.60MV (measured: +9.1°)
2.456Hz-Linac (linac II): -34.5° / 9.46MV (measured: -34.8° )
E;;=855.243MeV, E, ,=1509.2MeV
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Operation: emittance measurement SRR e

making use of return path synchrotron radiation monitor

- extracted beam 9.20mm

well known optical distances between consecutive turns (decreasing from turnl — turn42)

Lign CCD camera (640pix x 480pix), min. shutter time 10us il

pixel size: h=8.3um / v=8.3um
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Operation: emittance measurement GUTENRRRS -
10uA cw, 10us shutter time (30.05.2007)

(current and shutter adjusted for no saturation) 5
I Ohy

20 40 60 20
o, = 2.219pix = 0.301mm, c,= 2.05pix = 0.279mm,
B, ~ 7.4m B, ~ 40.3m
—> ¢, = 12 nmrad —>¢, = 1.9 nmrad
(influence of finite energy width of only (measurement limited due to optical
80keV in dispersive section is negligible) resolution of the system)

Simulations predict:
¢,=9 nmrad and ¢,=0.4 nmrad
Andreas Jankowiak, Institut fir Kernphysik, Johannes Gutenberg - Universitat Mainz = EPACO8B, Genua - Ttaly
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Future prospects: GUTENRFAS:.: Iimem

- making efficient use of return path synchrotron light

monitor:
emittance measurements, automated matching procedures

* phase cavities for relative energy measurements:
energy stabilisation up to 10-¢ for parity violating electron
scattering at 1.508GeV

* measurements of absolute beam energy (10-4):
making use of well known dipole fields

» end energy increase:

first test E;. =883MeV — E_ ,=1557.3MeV

then higher #ields, new correction plates, rf-systems
testing the limits of our design

EPACO8B, Genua - Ttaly




Conclusion: GUTENRERG: [iviemit

 We have designed, built and commissioned the first
Harmonic Double Sided Microtron

+ A HDSM allows for two times higher maximum energy
for the same iron weight compared to an RTM

* The HDSM operates very reliable and stable. It delivers
a high power (150kW), low emittance beam with very
small energy spread and > 80% polarization
— best continuation of the outstanding RTM principle
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