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Introduction

The aim — To build and test the ERL Cryomodule
with beam on ALICE

Accelerator and Lasers
iIn Combined Experiment

Dimensioned to fit on the ALICE
ERL facility at Daresbury:

— Same cryomodule footprint.

— Same cryo/RF interconnects.

— ‘Plug Compatible’ with
existing cryomodule
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Introduction -The ERL Cryomodule

MNon-shiglded Bellows
Lever Tuner Actuators

Loop Type HOM Couplers
10 kW CW Fixed Input Couplers

Existing Cryomodule on ALICE

Fully-shielded Bellows 7-cell Cavities  Lever Tuner with Piezo Actuators

Beam-pipe HOM Absorbers 20 kW CW Adjustable Input Couplers

CW-ERL Cryomodule

Parameter Target
Frequency (GHz) 1.3
Number of Cavities

Number of Cells per Cavity

Cavity Length (m) 0.807
Cryomodule Length (m) 3.6
R/Q () 762
E..c (MV/m) >20
E/Eacc 2.23
Ho/Eace 46.9
CM Energy Gain (MeV) >32
Qo >1010
Qe 4 x 106 - 108
Max Cavity FWD Power (kW) 20 SW

logy

-

ERL'13 September 9-13, 2013, BINP- Novosibirsk Shrikant Pattalwar

T T LT e oy e T e T L



Introduction - Major Variations in the Design

* 1. High Power Input couplers
Cornell ERL injector coupler

— « o 2. Modified Saclay-Il tuners
Wider aperture.

Low voltage piezo cartridges.

3. HOM absorbers

Cornell ERL injector CM with
Ferrite Absorbers (@ 80K)

80-5-2 (K)

4. Several thermal transitions
(intercepts) cooled by GHe
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Introduction - Major Variations in the Design

5. Radiation Shield, HOMs and

%N J: // thermal intercepts cooled
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Off-line Cold Tests

» Check the cryogenic performance

sUnderstand the processes and establish
commissioning and operating procedures

« Validate instrumentation

 Make the task of integration with ALICE easier |
* |[dentify and resolve any unknown issues = . | __ »

o =

|
—
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Off-line Cold Tests — with LN2

Calibration error
L - N e B N e s N S——
[ Channels:
[Tt . . BT T SEE’ISEdegK [degk] ———
V Cavity Temperatures _['==c =) —
IN-CEY-TI-2881:deglk [degkl] ——
23@ r T LIN-CRY-TI-42fea:Tel k1 —— |7
2a8 H =
Parameters Measured* | Specification
Static Heat Load at
159 80K (HOMs, Thermal ~7W 20W
shield and intercepts.)
Static heat losses for
188 |- F the cavities at 80K S 1SW at 4K
| DeftaT acrossthermal | _ g <10k
shield at equillibrium
<7 12hrs ———>
58 -
< 5K
DeltaT across the two
cavities during < 5K Cug(r)elgt]!y SO0K
Sl . o 4 4 . . 4 . . . |cooldown to or
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Off-line Cold Tests — with LHe?

(5. 200) VAL=6.37855
Sensor Temperature

I LIN-CRY-TI-8083:T03 |

K
(5. 200) VAL=24.4586
Sensor Temperature

| LIN-CRY-TI-8064:T04 |
 Lowest temperature ~ 8K —

Sensor Temperature

« Large Temperature gradient between the two cavities FLIN-CRY-TI-5051:RDGK]

K
« Helium Reservoirs do not fill together B Doy tanm

K
150 ° (5, 200) VAL=129.61
....... Read Degrees Kelvin

e Most of the issues can be attributed to high static heat load  —

Read Degrees Kelvin

( ~ 50W ) present during the tests JLIN-CRY-TFO054RDGK]

K
{5, 200) VAL=80.636

due to non ideal conditions and floating components Read Dogroos Keivin

LIN-CRY-TI-4351A:TO1
K

 Heat leak will be much lower (< 5W) during actual
100 operation

e LU
(5. 200) VAL=11.1173
Sensor Temperature

T C1
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Integration and Commissioning — Installation on ALICE
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Integration and Commissioning — COOL-IT

(Providing Cooling Power at Intermediate Temperatures)

 Input He gas at 300 K, maximum 10 bar, 10 g/S
LHe at4 K
e Output Hegasat5-6 K,5W, ~5bar

He Gasat 80 -90 K, 175 W, ~ 5 bar

»  Only one control valve for the operation with HOMs as primary cooling load
e Operation fully independent of ALICE Cryo-system (except for LHe and LN2 supply)

 Three main components — Heat Exchanger Box, A compound transfer Line (TLx),

and a LHe transfer line (TLy) /
Tilex
HEAT EXCHANGER BOX i
m 90K
HX1 80K /
' LI 80K 90K
300K a HX3 1l T 10k HX4 LAl \ J
¥ LN, 774K LAk
V2 4 I 5 Kk /
Compressor \
GHe oK \ Hx2 @ Ty 6K U
PUMPS

Devar science & Technology

| -acilities Council
ERL'13 September 9-13, 2013, BINP- Novosibirski Shrikant Pattalwar 11




Integration and Commissioning — Cooling Circuits

2K
4K
2K

Additional port
To feed new gas lines
into the Cryomodule

Two Cooling Circuit in Series -

b2d HOM at 5-6K pedl HOMs at 80-90 K 24 Shield90-100 K g

Coupler Intercepts Cooled by Conduction
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Integration and Commissioning — COOL IT evolution

Concept > Design
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Integration and Commissioning

BOOSTER 2K BOX

1500 L Dewar

NEW LINAC

\ \

Equipment
Access

Superconducting
Booster e

Tk i —_—
\ BN

S e T awe

2K vacuum
Pumping
Mezzaning

(s}

e—— - -
I Wiggler

COOL-IT

Energy Recovery Linac Prototype Accelerator Layout

Conswacied fom Layou! Dawing - 1801 0080 E
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Integration and Commissioning — ALICE Cryogenics

ERL'13 September 9-13, 2013, BINP- Novosibirsk

~

Preliminary cool down

*Cryomodule cooled to 2K

«Static heat load measured at 2K~ 6W
Similar to previous cryomodule, Spec- 15W

*Base heat load measured at 2K ~ 2.5 g/s
Similar to previous cryomodule

-Intermediate Temperatures has been
achieved with GHe using COOL-IT

Gas pressure ~ 2 barA
*HOMSs, coupler intercepts and thermal
shield are connected in series

« Circuit 1: T,,~ 89K, T_,~ 99K

e Circuit2: T, ~ 13.5K , T, ~ 15.5K
*Pressure stability at 2K (30mbar) £0.05
mbar

»Further optimisation is in progress
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Integration and Commissioning — CM Cryogenic Performance

COOL DOWN to 2K

Cryogenic (Pressure) Stability at 2K

295K MR tE 7 i TS
. 3K/hr (Cooling only by §54.50 014 Cavities cold at 2K pressure (P14335) ~ 30 mbar
s v —-\\'-a radiation and conduction il 2010 Pressure stability +/- 0.05 mbar
o e through supports) 0. Uﬁ” 001 |0 ‘
S } a9.00
i : / : 00
=f “d £00.50
| m| ™ . 25
. %
S P = 01 |00l 2094
af \'\-\\ 15 hrs| | 3fhrs 423501100 e
o 2 Y5 days to 130 K ™ to AK | | toNjidite—nn 38300 '
130K < » «— P> - 2986
= ' | R
i I'u, | 00— —— — 2%
= Cavity 1 —» \ Cavity 2 o8 el WE
. \ ' 20] 2100 274
o - LN {1280 270
2.0K | Ji 1 154004 30g] | 288 Total Mass Flow 2.5 g/S (Linac + Booster)
- e e i — 10] nss0 B2
L R b ] EiUE L] A e Dl ps ST TR o i 77 00 nq5a
', II Liquid Helium levels in Reservoirs Fully-shielded Bellows 7-cell Cavities  Lever Tuner with Piezo Actuators
L R Cavity 1
™ Nl\ ».III1 \a_ﬂ'-"- -~ .
: ' Cavity 2 Service
|
Reservoir
| M Level Control Valve
| L 1!
] £ \ I‘l
\ fi v
I i I g WW \'lll S "--,_\_\__\_
| \ | || . Beam-pipe HOM Absorbers 20 kW CW Adjustable Input Couplers
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Integration and Commissioning — CM Static Heat Load at 2K

6/5/2013 2:50:31 PM -

Alice
DARESBURYO04 (ALICE) = :
— e Static heat load

2 ® ol measured with all the

PI4335 PI4336) FIB230 | TI49585  T4313

gty ooy Bl Fosoe el / \/ iInput valves closed to

ensure that only the

200

2] ] 0 cryostat is measured

0.6 g/S total mass flow

SYTS0 4 go 4

30064 8504 57 i .

o0z 4 7904 snn:sn | "WW LI naC + BOOSter
e T 462.00

2004 4 E70{ 4.0

42550 4 -10.0 1 E> O 3 /S e Od Ie
2990 { 610 — . g p r m U
29.86 1 =501 50 | 34650
My = ~6.2 W per cryomodule
2876 4304 seasn | 0] p
29744 3704 Al osi 00
29.70 4 310 192.50
2966 4 250 4 15400 4 300 4
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2as44 70 38.50 4

29.50 4 104 00 000 - -400 - - = = =
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Integration and Commissioning — Cavity Frequency

e Linac 1 e Linac 2

m: File Trace/Chan Response Marker/Analysis Stimulus Utility Help _|5|x] |mi File Trace/Chan Response Marker/Analysis Stimulus Utility Help MEIES)
Trace 1 Bandwidth Level [ -3.000 dB B 0 Trace 1 Bandwidth Level | -3.000 dB &
B 521 LogM 500008/ 1008 B 521 LogM 500008/ 1008 ;
7500 Mix 4] 1300 GHz 5566 4B -75.00 M 4] 1300 GHz 2367 B
| BW: 7671 He Print.. | BW: p3576 H Print..
80,00 Center: 12999 GHz 80.00 (;I'Jlll:‘r.
2 0 | 1669345 | |m———e—— o: 47 —_—
‘ A |Ln=s: 5. 656 dB m W L n=s: 3669 ¢ m
85.00 | Setup... 85.00 1 e Setup..,
L1, Frint ‘ b |8 Pt
90.00 oA B 460,00 ‘ o Rl
95,00 . 1 95,00 { L 8 1
- " . I — ‘ Source ukeveed M —_—
100,00 o ey el - I ke 100,00 o | . | e
105.00 | == et — 105.00
110,00 I 110,00 _.,,-.‘“‘
‘ pra ‘
L 115.00 ! L115.00 -;‘-".""' U T
‘ EINC & ‘ Print
120,00 1 | colors... 12000 | 1 | colors...
12500 | Ch1Avgl- 8 ‘ | 12600 | Ch1Avgl- & ‘ |
1 Chi: Stant 129993 GHz — Stop 129994 GH2 1 >Chi: Stant 130012 GHz — Stop 130018 GHz
Cont CH1 521 No Cor Avg=8 ExtRel Lol VL Cont CHI 521 No Cor Avg=8 ExtRef oL VL

Previous

« Cavity tuner operation verified >
mechanical issue

e Tuning achieved
e Tuning range £350 kHz

Q.. adjusted
* Full extent of adjustment to be
determined
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Integration and Commissioning — Microphonic Tests

e Original Linac * New ERL Linac
 The microphonics were tested in « The new ERL cavities were driven
CW mode, open loop operation. with a CW wave from the digital

« Cavity was driven by signal LLRF system. The cavity probe

signal is then mixed with the
forward RF signal and filtered by a
low pass filter.

generator

« A Hittite phase detector was used
to measure the phase difference

& Y LLRF4
M\ development

@il board, designed

B by Larry Doolittle

of LBNL

between the cavity probe signal * The cavities have been analysed
and the system generator signal. in self excited loop and open loop
operations.
AMP /-\ Phase shifter = 7 S— Based on the

Cavity
MO Mixer % RF

LPF
h 4

Scope

Science & Technology

@ Facilities Council
ERL'13 September 9-13, 2013, BINP- Novosibirsk Shrikant Pattalwar 19



Integration and Commissioning — LINAC Cavity 2

Linac Cavity 1| Static Frequency Detuning Measurement

15 T T T T T T T " Cavity Il Microphonics detuning measurement
,:,,‘r,:,j‘,‘r,:,j‘,‘r,:,,‘r closed loop measurement |
50 ,: _ % W:Q‘ ,: _ :, ,:, ,: _ :, ,:, ,: open loop measurement ||
7\¢+J‘L74ﬁ7#44\47F7\747;77\7L7;74‘7p7\747‘p7
7 T REARN I A A A AL AL
9] L L,L,\ ‘,LJ,,\,LJ,L,LJ,L,L,\,L,
® o ‘*‘ ‘ MJ‘HLH T A S L
o 3 ‘T | “LL‘,L"VL BN ’L\ I
= 5 [ i T o [N [ i
T g -80—“‘{\," L‘ ' A \ - Lh I R T O
= ] | | | \ [ I
Q = 3 ‘ -
I ) Mm AV AGNR N
S0 hlll ! I i il u"ﬂ ’IHL‘I]M‘\!I M
I K A L L 1“”&“&
I IR A R | A S N B ,\,,,L,4 Sl o
[ [ T I I I T T A I
O e e e e T e e i i e B o B e e A e el S iy
I e R R
777T7\777T7\777T7\777\777\77\777?7\77777
-120 | | | |

1 1 1 1 1
0 50 1 00 1 50 200 250 300 350 400 450 500
frequency (Hz)

* Open loop operation, strong
resonances have been observed at:-

= 1Hz, 7/Hz , 21.5Hz, 23.5Hz, 35HzZ,
48Hz, 68Hz, 71Hz, 7/8Hz, 82Hz,
98Hz, etc.

* Loop closed, resonances remain at
1Hz, 37.5Hz, 50Hz and its side
bands.

Detuning peaks at 22Hz,
/0Hz,63Hz,139Hz,386Hz.
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Integration and Commissioning — Cryogenic Performance

Parameter Unit Measured Spec
Value
Base temperature K 2.0 2.0
Static heat load W 6.2 15
Static base heatload g/S 2.5 1.5
Pressure stability mbar +0.05 +1.0
HOM Intercepts K 13.5<T<155 <20
HOM Intercepts K 89<T<99 <90
Shield K 89<T<99 <90
Cavity Frequency GHz 1.3 1.3
Tuning range KHz +350

Dynamic performance to be measured

Single shot mode at 2K

With flash gas (additional heat
leak from external components)

at 2K

CKT -1 atGHe 2.0 barA
CKT -2 at GHe 2.0 barA
CKT -2 at GHe 2.0 barA

Static performance similar to ALICE LINAC
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Integration and Commissioning — Status

Held up due to major blockage in
helium liquefier (TCF 50).

Operation expected to resume In
mid October
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Integration and Commissioning — Future Plan

Evaluation Programme:-
Establish gradient and Q,

*Measure Lorentz force detuning at high
gradient

*Performance measurements with piezo
tuners

Determine DLLRF control limitations wrt

Qext

*Evaluate the effect of beam loading with
DLLRF, piezo control for various Q.
levels under pulsed and CW conditions

L(i:ghhag?gt(ﬁgﬁﬁ cavities in CW mode at Cryomodule installed on ALICE

— Evaluate thermal transients across
cavity string and 2-phase line
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Thank You
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