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Operational experience with the BO RF sys1:eﬁ\) LEIL

SYNCHROTRON

The BO RF plant was commissioned mid 2005.

Up to date, after ¥ 000 running hours, only a single trip in operatidoge to a human
mistake  Don't play with the equipment during the operation!

The 35 kW solid state amplifier has proved to be vg reliable :

- 4 (out of 147) modules had a failing bad soldering (3) + 1 filteiO transistor failure 1)
- In any case, that did not affect at all the opatationditiors and could be quickly
repaired during scheduled machine shutdowns.



Commissioning of th&R RF SVLEIL

SYNCHROTRON

As scheduled for the first year of operation, wWjih < 300mA and a reduced number of
insertion devices, one half of the SR RF system IC2Mamplifies, the associated cryogenic
plant, control and LLRF systems) was commissiodedng summef006.

The goal of storing up to 300A of stable beam, using a single CM, was quickly etul.

At first, without the RF feedback, the cavity was slightly detuned in order to cop#h the
Robinson instability, at the expense of ~ 10 kW extra reflected power.
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Later on, we have commissioned the RF feedbaclvhich enabled to store up to 3G
stable beamn without any tuning offset, hence sawvitif) kW of eflected power.



Commissioning of th€R RF SOLEIL
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RF power required per cavity (Pi, Pr) vs |, at cst voltage of 1 MV / cav
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Under these conditions, at ¢4t,,= 1 MV, ]
the tuning loop is continually active, 3
compensating for the reactive beam loading
. . 4.2 kHz Q
either partially (no RF feelack) , =
or fully (with RF feedback) =
Frequency changes of ~ 4 kHz, 2
about 10000 motor steps, "
required at each injection. S — 0
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Commissioning of th&€R RF SVLEIL

SYNCHROTRON

Injection at constant tuning

Considering the difficulties encountered on StREC at ELETTRA with a similar tuning
system, which happened to get stuck after ~ 50andlof motorsteps, it was proposed to
operate at constant tuning during the injection in order to use the tuners more sparingly.
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RampingV_,, from 650 kV at Bcurrent, up to 1.4 MV at 30@A, with fixed tuning angle,
= 60°, allows to maintain R 50 kW and Pi ~ 145 kW (green plot).

< Energy and phase acceptance at low RF voltage ?



Commissioning of th&R RF SOULEIL

SYNCHROTRON

Injection at constant tuning

AtV as low as 1.3MV (650 kV / cav), E & acceptance strongly reduced
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The experience demonstrated that it remains tolerzle : injection efficiency nearly
unaffected while keeping \sin  cst: V(1) and (V), numerically controlled via the PLC
Precise control of (V) required for operating with the multibunch transverse feedback

Constant tuning mode routinely used in operation pasy switchirg from constant to
variable tuning mode (for run dedicated to machineR&D  free control of Vi)
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Injection at constant tuning — Robinson stability
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Operational experience with the cryomodule (Cl\*l)s WLEIL
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CM1 had been RF conditioned with full reflectio
(I,ean= 0) up to 200 kWper couplerat CERN and

then up to 80 kW, once installed in the SOLEIL
(always kept under HUV).

------

Re-conditioning with beam went quite smoothly
a few coupler vacuum trips, at first when reachirp | =48
P > 150 kW ; further conditioning likely would bel s
required for operating at such power level ; |
however, with proper settings, P < 145 kW
@ 300 mA with a single CM, which is more
demanding than 500 mA with 2 CMs.

No evidence of HOM excitatiorup to 300 mA, powedissipation in the HOM loads always
negligible & residual beam phase oscillations < 0.1

Taking care of using the cavity tuners sparingly cst tuning operation as much as possible
+ additional diagnostic rev counter for early detection of signs heraldingjicking ?

Indeed that allowed us to detect a malfunctioning ( report by P. Bosland)



Status of the second cryomodule (CM2)S @ LEIL
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» Under fabrication (by ACCEL GmbH)

» Two cavities successfully tested in vertical cryoat at CERN (at first Nb sputtering for cavl
and at second try for cav2) CM2 is being assembled

» Complete CM2 (cryo + RF power) tests scheduled for beginning 2008 atKRN
e Installation and commissioning in SOLEIL SR  May 2008 shutdown
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with the cryogenic plan

At the beginning of the commissioning, "‘g
difficulties were encountered with LHe
feeding and pressure instabilities inside i
the cavity He tank, due to an unexpectetii ==
thermal load on a pipe of the cryogenic_ A ™ &
valve box. *

This was solved after bringing in slight &%
modifications on the cryogenic valve bo
The system has then become very reli
and the pressure variations could be ke
belowz 2 mbar, namely 0.1° in phase. |

Forthcoming upgrades improve the autonomy
- Process modification take profit of the autonomy provided by thewar
- UPS extension to all the Celibx components
- Cold-box dedicated watezooling



Operational experience with the RF power amp&fies LEIL
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> The two 180 kW solid state amplifiers for
CM1 have demonstrated a good reliability in
operation : after ~ 6 000 running hours, only
two trips,due to human mistakes (cable pull
out by accident and a wrong manipulation)

> Although not perturbing for the operation,
41 (out of 1450) modules have suffered from
a transistor failure; for 10 of them, it was the
result of a circulator load failing Thermal
grease has been added

* Failure rate of ~ 3% /year pessimistic
since it includes part of theinfant mortality (the failure rate is still decreasing with time)
longer running periods are required to find out theactual MTBF
« 100 available spare modules turn over : 50 usable in house while 50 under repai

» Accidental event out of the operation time
21 modules damaged at once due to strong transientsducedwhen testing the new
digital 1/Q feedback (10 MHz BW  too fast to be detected by the interlock system)
need for a filter with BW of ~ 100 kHz ! |




RF power amplifiers : forthcoming

» Concerning the amplifiers 3 and 4 for the CM2, 6 othe 8 required 45 kW towers are
already completed Power tests of the 2 complete amplifiers by the ermf 2007

* |nvestigations of other suitable transistors are gag on: 2 samples of theBLF369,
newly developed by Philips, have been tested aitite results are quite promising
a 2.5 kW unit (8 modules) is being built for long dration power tests
 R&D : - upgrades of the 350 MHz amplifiers
- @ other frequencies : 500 MHz , 476 MHz (2 x 40 kVibr LNLYS)
-90 x 15 kW @ 1.3 GHz for ARC-EN-CIEL”

« Collaboration agreement with the ESRF under preparéion need for 54 x 50 kW



Amplifier control via the pcontroller
Transistor currents,; Bnd P for a tower




Amplifier control via the pcontroller
Transistor current distribution




Amplifier control via the pcontroller
Transistor current distribution




Amplifier control via the pcontroller
Single module currentss time + tower Pi & Pr
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Operational experience with the LLRF

3dB 3dB

RF 190 kW
SWITCH AMPLIFIER

Coupler

G

Tuning

control

Direct RF Feedback

3dB

Tuner

PI1D

j

Without RF feedback: + 0.5 % inamplitude and 0.15° in phase E== Phaseloop
With RF feedback: £ 0.1 % in amplitude and 0.05° in phase
Measured residual beam phase oscillations < 0.1 °

[ Amplitude loop
[——1 Frequency tuning loop
I Direct RF feedback



352.202 MHz
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Fast digital LLRF
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Summary

Up to date, the BO and half of the SR RF systems i@ been commissioned

The first operational experience is quite satisfactry : after 7000 running hours
in the BO and5000in the SR, only 3 trips (< 1 hour), all due to huma mistakes

» Special emphasis is put on the success of the sdtdte amyglifiers, which were the

most challenging part of the system; although notgrturbing for the operation,
in the SR 41 modules (out of 1450) suffered fromtaansistor failure, which
corresponds to afailure rate of ~3 % per year (including infant mortality )

Several laboratories (SLS, LNLS, CEA, ESRF) have gxessed thér intention of
adopting the solid state technologyd la SOLEIL”; collaboration agreements are

under elaboration and R&D is going on

* The 2nd half of the SR RF system, which is under Baication, will be implemented
in May 2008 for reaching the nominal performance (4 MV and 500mA)
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