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Abstract

DIRC Cherenkov detectors will be the main devices#pK separation at the PANDA experiment at FAIR. Due to their adva
tageous properties in terms of time resolution and espgdraide magnetic fields micro-channel plate photo muikird (MCP-
PMTSs) are very attractive sensor candidates. In this papgresent the investigation of several types of multi-ad@®-PMTs.
The darkcount rate, the behavior inside a magnetic field ad@pTesla, the time resolution, the gain homogeneity ansistatk of
multi-pixel MCP-PMTs were found to be well suitable for th&NDA requirements. Even the rate capability of the latestigis
from Burle-Photonis and Hamamatsu is satisfactory. Algioa big step forward was accomplished with these recendijadle
MCP-PMTs, the lifetime is still not sficient for the photon densities expected for the PANDA DIRCs.
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1. Introduction 22 in the PANDA experiment will lead to densities of single pho-

. L . . » tons atthe DIRC image planes in the order of several btz
_ The identification of charged particles in the PANDA exper- g will put very serious constraints on any used photossen
iment [1, 2] at the new FAIR complex at GSI, in particular 'gpe in terms of rate capability and lifetime.
separation of pions and kaons, will be done using the DIRC ¢ rrently, there is no ideal sensor fulfilling all these riegu
(Detection of Internally Reflected Cherenkov light) privlei,, ments. This paper will deal with the most appealing devices

[3]. .The Cherenkov detector will F:onsist of two separate-subyg e ysed for the PANDA DIRCs: multi-anode micro-channel
devices, a barrel DIRC surrounding the target and an enzgcapﬂate photo multipliers (MCP-PMTs).

disc DIRC in the forward direction, together covering a pola
angle range of 5 to 140 degrees and all azimuthal angles. More
details about the PANDA DIRC detectors can be found in Refs2 Setup
[4,5,6,7]. 2 We have investigated the properties of several types of MCP-

Due to the compactness of the PANDA detector the imagemTs: a circular-shaped single anode tube of the Budkek Inst
planes of both DIRCs have to be placed inside the solengidajite of Nuclear Physics (BINP) in Novosibirsk, four quadtrat
magnetic field of up to 2 Tesla. This requires photon sengorshaped &8 pixel Planacon MCP-PMTs with fierent lay-
immune to the strong field and with a high degree of pixelatiorouts of Burle-Photonis, and the recently developed linear a
to allow the reconstruction of the Cherenkov angles with suf ray R10754-00-L4 with four strips of Hamamatsu. Some of the
ficient resolution. The time resolution of the sensors sthoul technical characteristics of these sensors are listedite Ta In
be <100 ps to enable the correction of chromatic dispergionhis paper we will focus on the characteristics of the XP&01
effects in the radiator bars [4] and to implement the time;0fwith surface treatment and improved vacuum for an increased
propagation version of the endcap disc DIRC [7]. Moreoyerjifetime and on the R10754.
the proton-antiproton average annihilationrate of up tV2{z ,,  The sensors were illuminated with a Pitdaser which pro-

« duces fast light pulses of 14 ps widthr)(at a wavelength of

*Corresponding author
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372 nm; its maximum repetition rate is 1 MHz. The lightds 3.2. Gain inside Magnetic Field

. . - g

guided through a system of glass fibers, attenuated to tB&Sin ¢ gain of the investigated MCP-PMTs was measured as a
photon level by neutral density filters and then focused 81#0  f,¢tion of the magnitude of the magnetic field. Usually the
surface of the MCP-PMT with a system of micro lenses, whichy,i, reaches a maximum a0.5 Tesla and drops at higher
allows light spots from a few hundreain to several cm diame;  fio|4s At a pore size of 2Gm the gain totally collapses just
ter. With the Sm?"eSt spot Size a.nd an Xy-scanner the,g?jﬂganabove 1 T which can be attributed to the Larmor radius of the
crosstalk behavior of the multi-pixel MCP-PMTs were ivVest 5, 41anche electrons at this field. Therefore, ficiently detect

gated as a function of the surface in steps of about 0.5 mm, FQfiyqie photons up to 2 T as required in PANDA a pore size of
measurements of the rate capability typically a large Iapet106 <10um is needed [9].

was used.

Measurements of gain and time resolution as a function of the_ ; - —
magnitude and the direction of a magnetic field were taken a o o - [Rotation Angle 6-90deq ]
a dipole magnet at the Forschungszentrum Julich in German | P B ¢=10deg ) - N

. . X ¢ =20 deg
which delivers a homogeneous field of up to 2.2 Tesla over i | 4 ¥ 0= 30deg | ,/'
pole shoe gap of 6 cm height. Usually the MCP signals wereS \\ S| ¥ \\\
passively split after a 200-fold amplifier (Ortec FTA820A®8B  1° L GR 10° \ X
MHz bandwidth). One signal was directly fed into an ADC, \ \\h A \
while the other was discriminated (Philips Scientific 708) t i% I :«’:gsdzg b »
determine the time delay between the MCP anode signal an : " | & o= s00eg
the reference signal of the laser control unit. A CAMAC data | lfeeionange 8-200ea] | flvossmes |\ N
acquisition system was used to record the anode chargeandt ~ °© o5 10 1o 20 % maaneticfield BT
time delay for the signals of each pixel. 107 107 : ‘

The most precise time resolution measurements were mac P [TitAngle ¢=15 deg |
with a LeCroy WavePro7300A with 3 GHz bandwidth and 20 M ©=90deg
Ggs sampling rate. This oscilloscope allows the determinatio § | ‘/:‘ v Z;?gj:g g |
of time resolutions at the few pico-second level. - Z \

For the lifetime measurements the MCP-PMTs were contin- 2 \ 10° N
uously illuminated with a 460 nm LED at a rate of 270 kHz, \ e x\x
which is roughly the expected single photon rate at the imag: % H e 0=0deg \ \\
plane of the barrel DIRC. The entire photo cathode of the MCP- : * 27 oeacoiy \.
PMT was homogeneously illuminated with near parallel light “ e oo ‘i‘ | Ly eczoss SN
At the entrance window the light was attenuated to a level of ~ °® %8 &8 pton 20 00 NagnetictedB T o

~1 photoric?: at a gain of 7 x 1@ this corresponds to an in-
tegrated anode charge 8.5 mQcn?/day. The stability of _ _
igure 1: Gain as a function of the magnetic field direction tfee Burle-

the LED was controlled by measuring the Cur,rent ofa photdF:>hot0nis XP85012 (left column) and the Hamamatsu R1075480Qight col-
diode placed close to the PMT. The MCP-PMT’s response Wagmn). In the upper row the dependence on the tilt asgteshown, in the lower

continuously monitored by recording the pulse height with arow that on the rotation angte

DAQ system at highly prescaled rate. In irregular time inter

vals the quantumficiency (Q.E.) of the photo cathode was For the BINP MCP-PMT (see [9]), the Burle-Photonis
determined over a 300-800 nm wavelength band. The setup fotP85012, and the Hamamatsu R10754-00-L4 measurements of
the Q.E. measurements [8] consisted of a stable halogen Empthe gain dependent on the orientation of the PMT axis with re-
monochromator with 1 nm resolution and a calibrated refemen spect to the field direction were also performed. The resoitts

diode (Hamamatsu S6337-01). 1 the two latter devices are displayed in fig. 1. In the upper row
12 the gain dependence on the tilt angl®etween the PMT axis

3. Results us and the field direction is shown: this demonstrates that up to
us ¢ =~ 20° no significant gain change is observed, while at larger

3.1. Dark Count us angles the gain at higher field values starts to drop rap&tli,

Each charged track will create a few hundred Cherenkow:phoeven at moderate tilt angles MCP-PMTs can be used for an ef-
tons. After many reflections and other losses along thet@dia ficient single photon detection in high magnetic fields. This
and taking into account the Q.E. of the photo sensors onhusevs an enormous advantage compared to standard dynode-based
eral tens of these photons will actually be detected. Toheeef PMTSs.
it is important to use sensors with a moderately low dark taun In the lower row the gain behavior atférent rotation angles
rate. From our measurements we find that at a gain btd&.. 0 of the PMT around the field axis and @t~ 15° is shown:
typical dark count rate for most of the tested MCP-PMTs5s. there is a significantly dierent slope ab = 180C°, when the
kHz/cn?. Only the Hamamatsu R10754-00-L4 shows a signif-capillaries of one of the two MCP layers point exactly along
icantly lower rate of~100 Hzcm?. These numbers are well the field direction. At all other measured rotation angles th
suficient for both PANDA DIRCs. 125 gain follows roughly the same slope.
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Table 1: Characteristics of the investigated MCP-PMTs

BINP Burle-Photonis Hamamatsu
Prototype XP85011 XP85013 XP85012 R10754-00-L4

pore diametery{m) 6 10 25 25 25 10
number of pixels 1 8x8 1x4
active arearant) P 51x51 5353 22x22
total area fint) 155 7 69.5¢69.5 771 5%59 27.5¢27.5
geom. dficiency (%) 36 54 52 81 81 61
photo cathode multi-alkali bi-alkali multi-alkali

~5 nm ALOj3; improved protection film
comments S

protection film vacuum planned

3.3. Time Resolution 157 These plots also show the crosstalk among the anode pix-

The distribution of the measured time resolutions [9, 1646 €IS For the Burle-Photonis XP85012 crosstalk is mainly vis
sists of a narrow peak) and a tail to one side which originatgs [PI€ at the transition to the adjacent pixels, most likelyszed
from photo electrons backscattering at the MCP entrancis*ThPY charge sharing at the anode and by backscattered photo ele
behavior was seen for all investigated MCP-PMTs. As listg i rons at the MCP entrance, while pixels further away areliiard
Table 2 the width of the peak was alwayS0 ps, with the begt afected. In contrast, for the Hamamatsu R10754-00-L4 a sig-
resolution of 27 ps (at Fgain and after x200 amplification'  Nificant response of all other pixels is observed when aicerta
the MCP anode signal) for the BINP MCP-PMT with pore® pad is |II_um|ngted5 even .p|xels far from the light spot cas fir
diameter. All given time resolutions are without any coti@e™ Further investigations with the latter MCP-PMT showed that

for the resolutions of the used electronics modules ancef® MOSt of the crosstalk is of electronic nature and can be elimi
pulse width. 17 Nated to a large extent by a modified construction of the tube:

s the second MCP layer is split into separate sectors eacheof th

e Size of the adjacent anode pad [11].
Table 2: Single photon time resolutions of the investigdfeP-PMTs

manufacturer type poreart) ot (ps) [ Gain of individual pixels | [ Crosstak (at row7) |
BlNP #73 6 27 Uniformity = 1:2.2 10000:
Prototype 10 41 g3 so00f YL A
_ XP85011 25 49 2500 i
Burle-Photonis XP85013 o5 51 i geot
XP85012 25 37 500 8 4000}
Hamamatsu R10754-00-L4 10 32 ’ sk (

The time resolutions were also measured as a function of th 80y 2 3 fo g o i
magnitude of the magnetic field, with no significant detezior { Gain within the four pads g  Crosstalk (at y-center) |
tion at higher fields being observed. oo

8
3.4. Gain Homogeneity and Crosstalk .

The response of the multi-anode MCP-PMTs was investi-'s % . ‘ H \
gated with XY-scans across the active surface. The gaineof th ¢%¢ o ‘ ” ‘
different pixels in a device can vary by a factor 7 as in the Burle- o af ‘

Photonis prototype [10]. The 2&m pore MCP-PMTs of the gl e ot
latter manufacturer show typical gain variations up to adac ¢ T I

2 across the 64 pixels, as plotted in fig. 2 (upper left) for the

XP85012. The lowest gains are usually observed for the edge _ , _ ,
pixels and especially at the comners. The Hamamatsu RLO7SEEATe 2 Co1 (e a0 cossilc bernior o one ot (10
00-L4 even shows significant gain inhomogeneities withia on (ower),

pad (fig. 2, lower left), with measured fluctuations sometime
exceeding a factor 2.

A lower gain may cause a reduced detectifiitceency of the
pixel. In fig 2 (right column) the number of counts of each pixe
in a row is shown, when the active surface of the MCP-RMT The rate capability of MCP-PMTs is one of the most criti-
was illuminated in steps of 0.5 mm along the x-coordinate-(orcal issues in high rate experiments like PANDA. The expected
column) while the y-position (or row) was kept constant. iz photon density at the readout (anode) plane (after Q.E309

3

3.5. Gain Stability at High Rates
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kHz/cn? for the barrel DIRC and up to 2 MHan? for the end=s the gain remained almost constant over the whole illumamati
cap disc DIRC. At such photon rates the current in the higtperiod of~2 months. However, the Q.E. had dropped by more
resistive material of the MCP capillaries may not flofii fast..  than 30% after an accumulated anode charge of 8@cmior
enough, which causes charge saturatifiaats. The result e 110 mQcn?, respectively. From the slopes in fig. 4 it is also
this is a rapidly decreasing gain as seen in fig. 3 where thenoobvious, that the rapidity of this drop in Q.E. depends on the
malized gain is plotted versus the anode current. Assuming wavelength of the incident photons. Th&setis much less pro-
certain gain of the tube (e.g., 4D the figure) this current cam nounced at shorter wavelengths, especially in the UV-regio
be translated into a single photon density which is givehat t
upper axis. [ mcP-PwT BINP #82 | [ McP-PMT Photonis xPgs012 |
The gain of most of the studied MCP-PMTs starts dropping N

already at photon densities well below 1 Miaz?. However, - wﬂrﬂ—%
practically no gain loss up te2 MHz/cn? single photons is M:‘\M
observed for the Burle-Photonis XP85012, and the Hamamatsz |y LENY g
R10754-00-L4 is even capable of standing ratsMHz/cn? L 1L
without the gain getting lower. The rate capability of these My = oonm
models would be dficient for both PANDA DIRCs, with the \WN 600nm
R10754 being the preferred choice for the endcap disc DIRC. - IO

% 1

¥k %

[ Rate Capability of various MCP-PMTs | photons / cm? (at gain = 10°) Iy i \
FEII EUIEN SN S SRR S e b b b b IS
10° 10* 10° 10° 10’ 10° 0O 20 40 60 8 100 120 0 20 40 60 80 100 120
T R R R integrated anode charge [mC/cm?] integrated anode charge [mC/cm?]

"

=
o
i
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4 300 nm
M 400 nm
500 nm
Na
\‘ 600 nm

quantum efficiency [%)]
guantum efficiency [%]
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arrel | Endcap|
1 PRk e A =al

A N

A b\'\\ '\.\. Figure 4: Quantumféciency as a function of the integrated anode charge. The

A BINP PMT was equipped with an aluminum-oxide film at the emteaof the
i
Type of MCP-PMT ‘\
1 BINP #73 (6 um) X
. o

gain

R
e first MCP layer. The Burle-Photonis XP85012 had an improwsclium.

©
[
0
TotH *
g [] Photonis Prototype (10 pum) N
c A Photonis XP85011 (25 um) "\ .
Photonis XP85013 (25 pm) A 26 4. Conclusions
Ml Photonis XP85012 (25 pm)
, ° Hamflmatsu R10‘754-00-L4 (}0 Hm) 217 Both the new Burle-Photonis XP85012 and the Hamamatsu
10 107 10° 10° 10° 10° 107 10°28  R10754-00-L4 MCP-PMTs are promising sensor candidates for
current/ area [pAlcm?] 219 the PANDA barrel DIRC and the endcap disc DIRC, respec-

20 tively. They fulfill all boundary conditions except the lifime
o s Rat bility of vai dels of MCP-PMTS: fbiati 221 requirement. Further improvements are necessary in ttés-di
islgplljgfted ve?siscﬁfeaalr:z)ydg c\L/J?:g)nut.S ::(:hee 3r?per axis tlmsltiﬁon inlt\é)eagraal1%2 tion, in particular a protection foil in the R10754_0,O_L4 oh
for single photons assuming a constant gain &fis@iven. The expected rates S€EMS already existent now [12]. A &fh pore version of the
(after Q.E.) for the barrel DIRC and the endcap disc DIRC &e iadicated.2« Burle-Photonis MCP-PMT is also available meanwhile which
225 Will improve its immunity to magnetic fields above 1 Tesla It
26 lifetime still needs to be tested.
3.6. Lifetime 227 In summary, the latest improvements of the two most seri-

The expected photon rates at the PANDA DIRC’s reatfoufUs issues of MCP-PMTSs, the rate capability and the lifetime
planes accumulate to an integrated anode chargé Gcrm?/y? give us confidence that these devices are still seriouscdats
for the barrel DIRC and, dependent on the layout, up t&° 1dor the sensors of the PANDA DIRCs. The optimum scenario
C/cm?/y for the endcap disc DIRC, assuming a PMT gaiﬁloffor another significant enhancement of the lifetime would be
10f and continuous data taking. Up to recently these condition@ combination of the treated MCP surfaces, the better vacuum
were beyond the reach of any commercially available mepinside the tube and a protection film at the second MCP layer.
PMT. However, in the latest generation of MCP-PMTs these
limitations are tried to overcome by following twoftirent ap;, A cknowledgements
proaches. Burle-Photonis applies a special surface tegatm
to the MCPs and significantly improves the vacuum insidesthe This work is supported by the German BMBF and GSI
tubes. Hamamatsu and BINP are putting thin protection fdils Darmstadt.
the first MCP layer to stop the feedback ions from reaching the
photo cathode. This protection film can principally also bé p
at the second MCP layer with the advantage of not reducirfg thE €& ences
collection dficiency of the MCP-PMT. = References
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