he Cockcroft Institute

of Acceleralor Science and Technology

Task 10 5 HOM Dlstrlbutlon
THIRD HARMONIC SC Cavity
Alignment/Diagnostics/BPM
with HOM Measurements

-Roger M. Jones
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http://www.desy.de/
http://www.desy.de/
http://ipnweb.in2p3.fr/index.html
https://webmail.stfc.ac.uk/owa/redir.aspx?C=605bb240e3294d43bfef2fdfdd7320ed&URL=http://indico.cern.ch/conferenceOtherViews.py?view=cdsagenda&confId=118190

Task 10.5 Aspects of HOMs in SC

Accelerator Cavities —-EuCARD FP7

TASK 10.5 HOM Distribution

Sub-Task Name Coordinating
Institute/Univ.
10.5.1 HOMBPM DESY
10.5.2 HOMCD Cockcroft/Uniyv.
Manchester
10.5.3 HOMGD Univ. Rostock

MANCH rk 1}'F.R_

»1.R.R. Shinton, PDRA (assigned for a further year, until Nov. 2011)
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Task 10.5 HOM Diagnostics

in SC Accelerator Cavities -Staff

»Sub-task leaders: Nicoleta Baboi (DESY), Ursula van Rienen
(Univ. Rostock), Roger M. Jones (CI/Univ. Manchester).

» PDRASs: Hans-Walter Glock (Univ. Rostock), Ian Shinton
(C1/Univ. of Manchester)

»Ph.Ds: Nawin Juntong (CI/Univ. Manchester), Pei Zhang

(DESY/Univ. Manchester/CI), Thomas Flisgen (Univ. Rostock)
WP 10.5.2 WP 10.5.3 WP 10.5.1

H-W Glock, Univ. of

Rostock, PDR U. Van Rienen,
Univ. of Rostock

C. Glasman, CI/Univ. of
Manchester PhD student
(PT on FP7)

N. Juntong, CI/Univ. of
Manchester PhD student
(PT on FP7)

Manchester PDRA cen Ur
3 EuCARD SC Review, WP 10 Task 5, R.M. Jones, M%y France, 4% - 5 May 2011 ...-; hester



Task 10.5 Overview of the Function of

Third Harmonic Cavities

» Fermilab has constructed a third
harmonic accelerating (3.9GHz)
superconducting module and cryostat for a
new generation high brightness photo- §
injector. "

» This system compensates the nonlinear
distortion of the longitudinal phase space
due to the RF curvature of the 1.3 GHz
TESLA  cavities prior to bunch
compression.

»The cryomodule, consisting of four 3.9GHz cavities, has been installed in the
FLASH photoinjector downstream, of the first 1.3 GHz cryomodule (consisting
of 8 cavities).

»Four 3.9 GHz cavities provide the energy modulation, ~20 MY, neeg%e

compensation.
EuCARD SC Review, WP 10 Task 5, R.M. Jones, IPN Orsay, France, 4% - 5t May 2011
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Task 10.5: 3.9 GHz Parameters

g LOCKCrot Institute

of Accelerator Science and Technology

Number of Cavities 4
Active Length 0.346 meter
Gradient 14 MV/m
Phase -179°
R/Q [=U%(wW)] 750 Q
Ejea/Eace 2.26

B eak 68 mT
(E,..=14 MV/m)

Q. 1.3X 106
BBU Limit for <1X10°
HOM, Q

Total Energy 20 MeV
Beam Current 9 mA
Forward Power, 9 kW
per cavity

Coupler Power, 45 kW

per coupler

» Adding harmonic ensures the

2nd derivative at the max is zero

for total field (could use any of
the harmonics in the expansion,
but using the lowest freq.
ensures the transverse
wakefields ~ ®? are minimised).

» The third harmonic system
(3.9GHz) will compensate the
nonlinear distortion of the
longitudinal phase space due to
cosine-like voltage curvature of
1.3 GHz cavities.

» It will linearise the energy
distribution upstream of the
bunch compressor thus
facilitating a small normalized
emittance ~1.10-¢ m*rad.

Illustrative energy (not to scale)

Energy distribution in bunch

130G Hz only
1

wirds Srd
Rarmianic

- S

-,
& g ‘*‘-.

O&

Brnch

a 20 <0 &0 20 100 120 140 160 120

FLASH linac with 3rd harmonic rf

4 MeV 130 MeV 380 MeV 1000 MeV
3.3mm ~250um 10um
65A 2.5kA

collimator
« undulator
bypass




bypass line

M

4 cavities within collimator section

3.9GHz Module
[/ :
5 accelerating modules m
bwith 8 cavities each

=
i

B B:scd on 1.3 GHz

flange

=44k (SLAC/FNAL/DESY)

AN Diagnostics —redesigned for

ACC39 as part of EuCARD

(rotated by 65)
LUCUAINLY DU INUVIOW, VY1 1V 1Aadn J, IN.1VL. JULIGD, L ay, 1'1auce, 4th Sth May 2011




Task 10.5 Response of HOM

modes to beam

RF

HOM
HOM Probe : — -
Probe Drive >
I ~
-
- : -
S Bunch excites -
> HOM modes
I Dipole mode: Amplitude proportional to bunch transverse position
Phase determined by bunch arrival time for position offset
Monopole mode: Amplitude first order independent of beam position HOM
Phase of mode determined by bunch arrival time Probe
—- —-
—— —
Whase
-
+phase a— -

Beam at an angle will excite dipole mode with 90 degree phase shift

relative to signal from position offset
Amplitude proportional to angle X effective mode length (~ 1 Meter)

—
—_—
—-
-
by
-

Tilted bunch will also excite signal at 90 degrees, amplitude proportional
to bunch length and tilt: Not significant for short TTF bunches

Dipole Modes: Each mode has 2 polarizations
Frequencies degenerate for ideal cavities
Frequency degeneracy broken by power coupler and fabrication errors

If frequency splitting is < line width, Need both couplers to separate polarizations

MANCH r‘;

Fanchente
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Selected Highlights

»S-matrix measurements and comparison with
simulations.

e Transmission measurements.

* Multi-cavity modes.

> Beam-based mode characterisation.

* HOM pickup vs beam offset for _
trapped/isolated modes ——

EuCARD SC Review, WP 10 Task 5, R.M. Jones, IPN Orsay, France, 4% - 5t May 2011
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Task 10.5: S,; Exp vs Simulations

Comparison Measurement and Simulation I
/ S Cable, Meas
ﬁ_ _r‘1

Ll
ﬁgﬁmg‘ﬁ I ==
o c2

frd. paasbanu:l first b |:|||:u:|IE band= Quadrupulg modac » Measurement SIHgle caVlty m Chaln'
s  Simulation

: W w}ﬁ rﬁﬂm IHJWWWW

_"1

M i
)‘i‘mJﬁ
c1

» Transmission through

Scani—cane/dB
1
|
a8
C‘

100- 5' Comparison Measurement and Simulation IT g, ,...
120+ ;
a0 i Aon | "
BT S B1:0000000005 = I—IWE‘I
C1

-20,

-40/ s [Measurement
% _col s Simulation A ', |
» Transmission through < el , W il
1 L
complete chain. S |
=120
l.mé

5x10° 6x10° B x 10"
9 EuCARD SC frequency / Hz



Task 10.5: Beam-Based HOM Measurements

/ o \*20t o
Electron ACC1 Module ACC39 Module

Bunch [ J%

o - o

4
HOM Couplers

Steering Magnets ~145 MeV

Upstream BPM (21P)

Upstream BPM (57P)
4 _________________ — —— T

Steer the beam in 1N L .  J— -
various ways




Task 10.5: 15t Dipole Beampipe Modes

ACCEieralon science and Technoloay

1% Dipole Beampipe Passband {C2H2) (Xmave)

i i
-60 i ]
i i
80 : i
[} ]
£ i 4
2D 100
-120
| '
-140 i i il" 1 ] [
4020 4040 4060 4100 4120 4140
f(MHz)
«10°  Polarization 1 «1o°  Polarization 1
, 25— : :
[ ] [ ]
® [ ]
hor. move s vert. move " ®e
0 : 1 i i i H
-4 3 -2 -1 6 4 2 0 2
Interp. X (mm) Interp. Y {mm)
- Polarization 2 < 10° Polarization 2
6 . 6 . H
AC hor.move i ¢ vert. move 5
1AM - O LAk S S ) AL LU AL S
2 * . : ¢ 2 e o
A ® - :
. o ¢ 30y
0 : - 0 :
-4 -3 2 1 -6 4 2 0 2
Interp. X (mm) Interp. Y (mm)
11

plitude(linear scale)

&~ Am

3

N

-

x10*
Polar. 1

Real-time Spectra

x=-0.03mm
x=-0.48mm
x=-0.98mm
x=-1.37mm
x=-1.76mm
x=-2.19mm
x=-2.56mm
x=-2.96mm
x=-3.47mm
x=-3.86mm

£
[ paae—————— | <

Q116 41118 4112 41122 41124 41126 4
f(GHz)

—
@
»
.t
©
[}
=
=
©
©
=
£
=

x10*
Polar. 2

3

2

1

Real-time Spectra

x=-0.03mm
x=-0.48mm
x=-0.98mm
x=-1.37Tmm
x=-1.76mm
x=-2.19mm
x=-2.56mm
x=-2.96mm
x=-3.47Tmm
x=-3.86mm

0181 41182 4.1183 4.1184 4.1185 4.1186
f(GHz)

* Lorentzian fit to get mode amplitude

y=y,+4-
(x

Polarnization 1 B
x 10

—x, ) + W

Polarization 2

EuCARD SC Review, WP 10 Task 5, R.M. Jones, IPN Orsay, France, 4% - 5t May 2011
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Task 10.5: 5t Dipole Cavity Band

e LOCKCror Instiute

of Acceleralor Science and Technology
5th Dipole Band' f(GHz)| R/Q
C2H2-D5Xmo (11 spectra)
-60 T T
3 - 9.0560| 0.00
B e e P I e o
- . 9.0568| 0.05
£ 100
=
|J | A2 9.0585 | 0.07
_120 , S 5. ISP [ .
-140 i \ \ i \ ™AL\ (9.0620| 2.17
9030 9040 9050 9060 9070 9080 9090
f(MHz)
AT AAR T AP | 9.0703 | 4.04
i Rmove(11 spectra) b Magnet-X
g Rmoweffapects) L. —AAY.‘.‘:(:..’.‘R.‘\_/9.0933 0.55
; : L] :
T . b v
~ 2 T 2 e Wige s e M e : °
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0 == ; ; i hor. m°"e i i % 10" Rmove(11 spectra) x10* Magnet-X
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fiMHz) Current(A) ' : hor. move P .
4 T 4 .
) = ] : ®
................ = _ °
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0 — A e 5 = s 0 i ] L i H
vert. move 0054.5 9055 90555 9056 90565 9057  -10 -5 0 5 10
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Task 10.5: Milestones and Deliverables

of Accelerator Science and Technology

WP10 Summary

WP 10.1 Coordination
WP 10.2 5PL Cavities

‘WP 10.3 LHC Crab Cavities
WP 104 Thin Films

WP 105 HOM

WP 10.6 LLRF (1)
—
WP 10.6 LLRF (2) L not done ftotal)

WP 10.7 Gun at ELBE —28/04/2009 Due Date 31/03/2013

WP 108 Couplers at LAL

Start Date 01/04/2009

done(total)

1-Jan-10
1-Jan-11

=
]

Tazk Mame |

2009 2010 | 2011 [ 2012 [ 20
T

Subtask 5.1: Development of HOM based beam position monitors (HOMBPM)
Define requirements for HOMBPMs for 3.9 GHz
Study HOMs in the 3.9 GHz cavities at FLASH
Deszign and build electronics and LO

Test electronics

Milestone 10.5.1: HOM alignment for 3.% GHz cavity electronics verification

Measure cavity alignment in 3.9 GHz cryomodule
HOMBPM calibration

DELIVERABLE 10.5.1: HOM electronics and code to probe beam centering
on 3.9 GHz cavities
10 |Subtask 5.2: Development of HOM Cavity Diagnostics and ERLP {HOMCD)

w0 | @ | L) k)

11 Develop HOM sub-structure alignment algorithm

12 Perform detailed sub-structure and cavity alignment via HOMs

13 Report an HOM experimental method and code

14 DELIVERABLE 10.5.2: Report on HOM experimental method and code

13 |Subtask 5.3: Measurement of HOM Distributions and Geometrical
Dependences (HOMDG)

16 Analyse mode distorsion and fabrication imperfections CSC

17 Report oninfluence of cavity fabrication tolerances on modes

v'One Milestone on the horizon —10.5.1 (Nicoleta) HOM Alignment Cavity Electronics Verification, 30t March 2012.
v Two deliverables

010.5.1 (Nicoleta) HOM electronics and code to probe beam centering of 3.9 GHz cavities, 29t March 2013
010.5.2 (Roger) Report on HOM experimental method and code, 29t March 2013

Fanchente
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Task 10.5: Summary

‘ﬁﬁ“é'lf!f% milestones and deliverables

v'Five conf. pubs (10.5.1 -10.5.3)
-SCRF, PAC + two Linac (complete!) and an ongoing EuCARD/DESY internal
report (written largely by Ian and reviewed by Hans-Walter, in process). PRST-

AB Pub (spearheaded by Hans-Walter, in progress). Need to be proactive (upload
to EuCARD)

v'Measurements continuing at FLASH —more analysis + exps needed to

understand cavity coupling. Good progress —Pei first systematic comparison of
SVD vs DLR.

v'Trapped 5% band (~9GHz) modes verified experimentally and linear
dependence with offset observed! Mode candidate for diagnostics? Can the
electronics be implemented at this frequency (Nicoleta in discussion with FNAL)?

v'Casscading (CST and recent HFSS results available).

MANCH r 1}'F.R_

v'Hans-Walter, Thomas and Roger presented at Cornell HOM Workshopgﬂlﬂ.
To be presented: ReiratsDipac,Nicoletx at SRy Pei,anddam at,IPAC (all 20i11).



Task 10.5 Talks

dOverview of HOM Distribution task,
R.M. Jones (University of Manchester/Cockcroft Inst.)

JHOMBPM Beam Position Monitors - planned and
extant experiments, P. Zhang (DESY/University of

Manchester)

UJHOMCD Cavity Diagnostics,
I.R.R. Shinton (University of Manchester)

DHOMGD Qeometric DependeHCies’ ML"\N(_HF‘:]lFR
T. Flisgen (University of Rostock)

EuCARD SC Review, WP 10 Task 5, R.M. Jones, IPN Orsay, France, 4% - 5t May 2011
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