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Abstract contribution coming from the particle sources, particlylar

the positron source, and the emittance growth budget up to

The unprecedented requirements that new machines are ’ . . : . .
. S i . . he interaction point. The Damping Rings (DR) designed
setting on their diagnostic systems is leading to the dev:tfo] cool down the CLIC beams [2] comprise a 412 m ring

opment of new generation of devices with large dynamig . ) : .
range, sensitivity and time resolution. Beam loss dete -lrjéltti:;l Fl\i)ir?igucr?nlIErlrr:itigiJgn(grl\s/ltlrza;lgi]:ttﬁceacgg:g w?hmg-
tion is particularly challenging due to the large extensio

of new facilities that need to be covered with localized'>® of ‘.WO h‘?"f cells for dispersion suppression. _Super-
Cﬁ)nductmg wigglers aim to decrease the damping times to

detector. Candidates to mitigate this problem consist e 2 ms level values well below the 20 ms imposed by the
systems in which the sensitive part of the radiation dete%— ' P y

tors can be extended over long distance of beam lines. rrn?elztzs Cc:)hlgi:rr:pr(;?%?]sr:tg% bz;fn ﬁggtsrgagi tg;;r:eq&';?é_
this document we study the feasibility of a BLM system P o : L
over, the low foreseen longitudinal emittances triggersta s

based on optical fiber as an active detector for an electror? sinale bunch collective effects tvpically not obsengbl
storage ring. The Australian Synchrotron (AS) compriseg 9 ypically

In electron machines. Hence, the measurement of beam

a 216m ring that stores electrons up to 3GeV. The AC_arameter:s on a bunch by bunch basis imposes a tighter
celerator has recently claimed the world record ultra low&re : y ) mp 9
guirement on the time resolution of the instrumentation

transverse emittance (below pm rad) and its surroundinég

are rich in synchrotron radiation. Therefore, the AS pro- ystems. . ) .
vides beam conditions very similar to those expected in 1 N€ Australian Synchrotron (AS) [3] is a third genera-

the CLIC/ILC damping rings. A qualitative benchmark!ion light source consisting of a 100 MeV linac, a 100 MeV

of beam losses in a damping ring-like environment is prel® 3 GeV Booster and a 3GeV Storage Ring (SR). The SR

sented here. A wide range of beam loss rates can G@MPrises 14 Double Bend Achromat (DBA) cells where

achieved by modifying three beam parameters strongly cof: 200 MA beam is circulated in pulses of approximately
related to the beam lifetime: bunch charge (with a variatiof00 N when filling 300 out of the 360 buckets. As it is

range between 1uA and 10mA), horizontallvertical coushown in table 1, there are many S|m|Iar|fues petween the
pling and of dynamic aperture. The controlled beam lossé@rameters of the AS and the CLIC damping rings. In par-
are observed by means of the Cherenkov light produced m:u_lar, the AS has recently measured verﬂpal normalized
a 365 m core Silica fiber. The output light is coupled to €Mittances comparable to those expected in CLIC. More-

different type of photo sensors namely: Metal Semicondu@Ver: the synchrotron provides good flexibility to modify
tor Metal (MSM), Multi Pixel Photon Counters (MPPCs),S0M€ of_|ts nom|r_1a_l parameters to approach those of the
standard PhotoMulTiplier (PMT) tubes, Avalanche PhotoPR. For instance it is feasible to reduce the pulse length to

Diodes (APD) and PIN diodes. A detailed comparison of LIC like values by keeping nominal beam charge. Hence,
the sensitivities and time resolution obtained with the difthis facility provides a great opportunity to test and depel

ferent read-outs are discussed in this contribution. instrumentation targeting requirements for the DR of the
future collider.

THE AUSTRALIAN SYNCHROTRON AS A

DAMPING RING TEST FACILITY OPTICAL FIBER BEAM LOSS
MONITORS: THE EXPERIMENTAL
The compact linear collider CLIC [1] foresees two 20 km SETUP

main linacs accelerating electrons and positrons up to

3TeV. In order to provide an instantaneous luminosity on The use of optical fibers, once restricted to waveg-
the order of5 - 10734 em =2 s~1, the beam spot at the in- uides for the transport of information, is increasinglyrzgi
teraction point shall reach unprecedentedly low nanomedopted in the beam instrumentation field. The light gener-
ter sizes. This is only achievable with ultra low emittanceted inside an optical fiber due to the crossing of ionizing
beams at the entrance of the linac that account for the largadiation may be used as a tool for Beam Loss Monitoring
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(a) Storage Ring scrapers (far left), Beam Loss Monitors(bg-Optical fiber installed in the outer side of the bending mag
hind dipole (far right). net, beam from left to right (top view).

Figure 1:Beam loss monitor set-up in the AS.

) . Two 7 m long optical fibers with 36pm diameterSiO2
;I;]abIAesl. %Oénl_;?gn[s)(l)?n between some of the parameters g(gre were located on the horizontal plane of the outer side
€ an : of the beam. A third fiber with reduced diameter core

Parameter AS CLICDR (200pm) was also available and provided the possibility
Energy (GeV) 3.0 2.86 to test three photo sensor within the same experiment. All
Intensity (elec) 9.0-10%1  1.28.10%!2 three fibers were enclosed into a tube to shield from ambi-
Number of bunches 300 312 ent light and were situated near the first bending magnet in
Pulse length (ns) 600 156 sector 11. This location was selected as the easiest positio
Circ. length (m) 216 427.5 to produced controlled beam losses since the beam scrap-
frev (MHZ) 1.38 0.73 ers are situated approximately 1.5 m upstream of the front
Bunch spacing (ns) 2 0.5 face of this bending magnet, as shown in figure 1(a). The
ve, (nm rad) 58708 472 fiber enclosing plastic tube run parallel for the length & th
~vey (Nm rad) <5 4.8 magnet, as seen in Figure 1(b) and it immediately deviated

upwards from the horizontal plane toward the roof of the
accelerator tunnel where it was extracted to the upper.level
(BLM) [4, 5]. Two main advantages raise from the use oA 14400 pixels 3x3nm? active area Multi Pixel Photon
Optical fiber based BLM (OBLM) systems: Counter (MPPC) and a Photo Multiplier Tube (PMT) were
coupled to the end of the two 3@&n fibers. The light
e The active ionizing radiation detector can be disoutput of the third 20Qum fiber was directed via focusing
tributed over large sections of beam lines. This prelens to the 25m active area of an Avalanche Photo Diode
vents missing the observation of beam losses at othdAPD). The readout signals were observed via a 10 bit Ana-
wise uncovered locations and it minimizes the numbépg to Digital Converter (ADC) or via fan in/fan out pulse
of required sensors (and hence acquisition system_g')scriminator and scaler as pulse counting mode electron-
and therefore the cost of the system. ICS.

e OBLM systems can provide position reconstruction of SINGLE SHOT BLM CALIBRATION
the original location of the beam loss with resolutions

down to a few tens of centimeters [6]. The prototype OBLM system was calibrated by direct-

ing a single bunch beam onto a fully closed scraper in the

The light generation mechanism inside the optical fibeBR. The first challenge to overcome was the determination
can be of various origins, namely: scintillation, fluores-of the number of charges hitting the intercepting device.

cence, thermoluminescence, radioluminescence, etc. Tie measurements of the DC current transformer were not

this contribution, we concentrate on Cherenkov light genavailable as the beam did not even complete a single turn
erated when charged patrticles cross the fiber with speém the injection point. Intensity measurements from the
higher than the phase velocity of light in the core mediumBooster ring and transfer lines did not provide enough ac-
As a reference number, the Cherenkov light generating enuracy due to the difficulty of a precise determination of the
ergy thresholds for electrons and positrons (which accouirjection efficiencies. Moreover, the lower current beams

for the largest fraction of the charge component of théjected into the machine reached values either near or sig-
showers) crossing a quartz fiber is 186 keV [7]. nificantly below the noise level of the current measuring in-
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Figure 2:Beam intensity and integrated signals observed during voltage and aperture scans.

struments. Therefore, a calibration exercise was perfdrme Subsequently, a similar scan was executed with both the
to determine the number of particles that could be injecteldorizontal and vertical scrapers in the SR fully closed-Fig
in the SR in a single shot. Two parameters were modified tare 3 shows the evolution of the signals over time for the
achieve the largest possible range, namely: the voltage thiree OBLMs for a gun voltage of 150 V. A single peak ap-
the grid in the electron gun and the position of the energgears in all cases, which indicates that the position of the
selection slits in the Booster To SR (BTS) transfer linesscrappers ensured that all the charges were fully stopped
For a given set of parameters, a certain number of singleithin the first turn. A clear distortion is observed on the
injections were accumulated in the SR where the intensi%PD signal, which was expected to provide a TTL output.
was measured with the DC current transformer. ThereafteFhis is attributed to the frequency cutoff introduced by the
the beam was scraped out of the ring and the measuremaetarly 90 m of coaxial cables bringing the signals from the
for the subsequent set of parameters was conducted.  photo sensors to the ADC. The effect is also observable on

Figure 2(a) summarizes the results achieved during t{B€ tail end of the MPPC and PMT signals, as they extent
voltage gun calibration. Note that the number of accumiRVer severall hundreds of nanoseconds. The performance
lated shots needed to be increased from 10 to 40 when tiigterms of time response of the MPPC and PMT detectors
gun voltage was above 170V and up to 100 above 175 yith respect to each other is inferred from the raise time of

due to the non linear relation between the voltage and tH{B€ Pulse, which stands at 10 and 15 nanoseconds respec-

number of charges. The larger number of charges corrévely-

sponds to the low voltage range with a maximum at 80 V In order to compare the sensitivity of the three detec-
of 1.1 - 10™ electrons. From this point the tendency istors, a numerical integration of the signals acquired with
an approximately linear decrease up to voltages of 170 the ADC was computed. Figure 2(c) presents the results
After this value a somewhat exponential decrease is olbtained during the voltage scan, i.e, for injected charges
served and a minimum &f- 101> electrons is measured for ranging from 100 million to 1 billion electrons. The APD
Vyun = 182V. Similarly, Figure 2(b) presents the resultsshows a flat response with beam charge. This is expected
of the slit grid scan. In this case the measurement was cosince the output of the system is a (binary) TTL signal. The
ducted for two independent gun voltages, 80V and 110 ¥endencies of the PMT and MPPC integrals are slightly
to verify the reproducibility of the result. The graphicdifferent. Even though in both cases there is an increas-
shows the charge loss relative to the upper and lower BTi8g behaviour, the PMT shows a more linear evolution. In
slits in their nominal position, i.e. 11.0 mm. both cases, a second degree polynomial was fit to the data.



TOPUP INJECTION LOSSES
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The AS works on topup mode to keep a constant nomi-

—e— APD 0BLM

signal (V)
o
=

g - nal current of 200 mA circulating in the SR ring and con-
00 :’:&w o weec et tinuously provide synchrotron light to the different beam
ok L e N . lines. Figure 4 compares the intensity measurement in the
r \ SR with the fast intensity measurement performed in the
0.5 | Booster for 7 consecutive injections. While the SR inten-
\

/ sities indicate an increase of 0.5 mA immediately after in-
r N jection, the booster measurement provides 1.1 mA, which
T R e e R v i accounting for the Booster (SR) 216 (360) harmonic num-
Time (<) ber it should provide 0.66 mA in the SR. This indicates, as-
) . i . suming typical injection efficiencies of 80 %, that around
_Fl_gur_e 3: Signals observed in the three OBLMs during ag gog ma (.25 - 10+° electrons) are lost around the ring
injection of 500k electrons within the first several turns. The sensitivity of the OBLM
system to injection losses was tested during operation of
the facility by triggering on the electron gun. For this
measurement, the 36bn fiber coupled to the PMT and
MPPC detectors were compared to the signals observed by
204 e a slow Nal scintillator and aV E102 plastic scintillators
both coupled to PMTs and located 2 m downstream of the
optical fiber.

A very good shot to shot reproducibility of the signals
was observed. As an example, one of the triggers is pre-
s sented in Figure 5(a), where the full time range of 2ms
Hoa corresponds to 2777 turns. In all four detectors there is a
clear modulation effect where the maximum of the signals
peaked around every 103. This becomes more evident
18600 18800 19000 19200 19400 19600 19 ob‘zboob‘zb}?r'ge‘z(gzﬂo when performing a frequency analysis. In the power spec-

trum the modulation effect is clear with a 11 kHz frequency

Figure 4: Booster and SR current measurement durir{i_i1e followed by.the higher. order harmonics at shown in

topup injections igure 5(b)._ This was attributed to the synchrotron tune
of the machine. Figure 5(c) presents the power spectrum

in a wider range (up to 2MHz) where some other sub-
structure can be observed. The second most clear line that
appears corresponds to 1.388 MHz which is the revolution

) . . frequency of the SR. The two side bands aroynd are
While the second order coefficient for the PMT is compatijgcated at aAf = 400kHz. This can be attributed to the

ble with zero, the MPPC gets a clearly negative value. Thigqyizontal tune of the machine. The two peaks observed

is compatible with expected saturation effects when thg.,nd 200 kHz and 400 kHz may be also related to the
number of incident photons exceeds the number of availiyrizontal and vertical tune.

able pixels within the illuminated area. The summary of

the results obtained for the low charge range are shown i

Figure 2(d). Only the MPPC and PMT signals are shownrbYNA'vIIC APERTURE AND BETATRON

as the APD OBLM did not observe any pulses during irra- COUPLING INDUCED LOSSES

diation. This is attributed to the lower diameter core of the 4, types of controlled losses were generated over a

optical fiber for this particular OBLM as well as to po- e ike fil, i.e. 200 mA filled within 300 RF buckets. The
tential |neff|C|'enC|es' on the light coupling from the fiber todynamic aperture was squeezed by changing the sextupole
the small active active area of the APD. The PMT OBLM,, rants The lifetime variation changed from 1 hour to
seem to show a good linearity down to 150k electrons. Thig e, sixty. Despite the observation of some activity in the
is established as the sensitivity limit with the rest of thé v BLMs. no conclusion could be drawn due to the fact that
ues attributed to the dark_ F:ount of the system. The MPPfie collected signals were dominated by high frequency
signals seem to be sensitive to much lower beam chargeg;ise picked up in the coaxial cables going from the de-

down to 10k electrons, despite similar expected gain. Thig s to the ADC. The skew quadrupoles settings were
is understood as the MPPC readout was equipped with a 3L, mqgified to increase the vertical emittance from 1 pm
dB amplifier in the low charge BTS scan. Moreover, this is

in agr??mem with the more suited single photon counting 1, [7]itis demonstrated that the Cherenkov photon yield pioedi in
capabilities of the MPPC. an optical fiber is proportional to the square of the core diame
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Figure 6: CLIC like pulse measured with the Fill pattern

% L Hj H L monitor
A A s
_BG,J JM\ L\} Uﬂﬂ ﬂ JJH I settings 8 acquisitions were taken. Figure 7 shows the nu-
SR H“ Rl & Wﬁ l merical integration for all channels as a number of recorded
L, SR S e A L pulse. The three plots correspond to the identical skew set-
Freeney () ting scans but with position of the upper and lower blade
(b) Power spectrum for the 4 detectors (0, 100kHz) of the vertical scrapper at 13mm, 14 mm and 15mm re-
spectively. The amount of losses seem to increase steadily
g -aof with the emittance. Moreover, the tendency is clearer for
S | the 15mm case as the the scraper is located closer to the
5 505 ) beam.
* i i SUMMARY AND CONCLUSIONS

-70)

The AS has demonstrated to be an ideal facility to per-
form research and development for beam instrumentation

-80]

= for the DR of future linear colliders. Some of its main pa-
109 o rameters are very similar to those of the CLIC DR and it
T P provides flexibility so other parameters can approach CLIC

DR conditions. An OBLM system has been calibrated un-
der single shot conditions and it has demonstrated to be

Figure 5:Beam losses and derived power spectrumfor Nal sensitive to beam losses down to a few ten thousand elec-

(black), NE102 (red), PMT (green) and MPPC (blue). trons. Moreover, the system was able to clearly determine
beam losses generated during the topup process as well as

to measure the synchrotron tune and provide indications of
. . . . the feasibility to measure vertical and horizontal betatro
to 2 nm. Again, the hoise dominated and no conclusmn{ane& The system was able to measure beam losses gener-
could be extracted from this test. ated by modifying the betatron coupling in a CLIC-like fill
For the very last exercise, the ADC acquisition systerand there were no indication of observation of synchrotron

was brought within a meter of the detectors to avoid theadiation despite that fact that the optical fiber was itetal
collection of noise though the cable length. Moreover, thg the outer side of a bending magnet.

SR was filled with a CLIC like beam. The 200 mA were
injected in dedicated RF buckets so the length of the whole ACKNOWLEDGMENTS

pulse did not exceed 150 ns. Figure 6 shows a measurement ) )
of the Fill pattern during the experiment. With this condi- 1NiS work was supported by the Royal Society via the In-

tions of intensity and pulse length the, settings of the skefnational Exchanges Scheme. We would like to express
quadrupoles were modified in order to change the betatréi!l thanks to CERN and ASLS for providing the equip-
coupling. Eleven different skew quad settings were triefnent and dedicated beam time necessary for achieving the
to achieve vertical emittances of 1 pm, 2 pm, 5pm 10 pnfesults presented here.

20 pm, 50 pm 100 pm, 200 pm 500 pm, 1 nm and 2 nm. For

every setting the signals in the BLMs were acquired via REFERENCES
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checked as potential OBLM systems and a Nal scintillator  CLIC technology”, CLIC Conceptual Design Report. Volume
was used as benchmarking detector. For each skew quad 1 Technical Report. CERN, Geneva 2012.

(c) Power spectrum for the 4 detector (0,2MHz)
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Figure 7: Nal (black), PMT-OBLM (green) and MPPC-
OBLM (blue) BLM signals observed during the coupling
scan. The solid points represent an average over all mea-
surements for a given coupling. The small dots show indi-
vidual measurements .
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