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Abstract

Beam background is one of the most important issue in the KEKB/BELLE operation as well as
luminosity, since the BELLE detector has a micro vertex detector surrounding a collision point wher
beam background is at the highest level. Electronics used there are based on CMOS technology, \
Is known to be radiation "soft". The current tolerance of the electronics used in the BELLE vertex
detector (SVD) is as low as 200 krad.

It is, therefore, the most important task for the BELLE background control group (BCG) to keep
background level well below this level with beam current stored as high as possible. In this report, t
present status of the background in the BELLE detector and its gradual improvements are describe
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1 INTRODUCTION
1.1 KEKB Interaction Region

As is wdl known the most significant fegture of the
design of the KEKB complex* is afinite angle crossing of
two beams (dectronHER and positron:LER) a the
interection region (IR). Thanks to the aove scheme two
beams are naturdly separated awvay from interaction point
(IP) without any specid strong bendng magnets sitting
dose to IP. We can be therefore, free from high energy
synchrotrorradiation(SR) from suchmagnets.

Furthermore the HER beam line is designed to be
completdy straight in the upstream of IP &fter the last
bendin the arc for as long as 100m asillustraed in Fig.
1. No strong bendng magnets except for correctors are
placed there.  After passing the IP HER beam are bent
outward by an off-axis Q field of QCS-R for thefirst time
as shown in Fig. 2. Thisimplies that dl debris like lost
paticdes or emitted photons which are generated in the

100m long upstream can reech IP and are depositedin the
downstreanof this bentorbit.

1.2 BELLE detector and Beam background

Generd description of the BELLE detector is found
dsewheré’. Seious efects on the BELLE detector from
beambackgroundarefollowings:
¢ High occupancy dueto beam background in the detector

dement degradkes its performance in both resolution and

efficiency.
¢ Data transfer rate becomes huge due both to a higher

(fake)triggerrateandto alargerdatasizepertrigger.
¢ Preamplifier chip used in the silicon vetex deector

(SVD) or CsI(Tl) crystds used in the cd orimeter could

be damagedy radiationdosefrom beambackground.

Among those the SVD background is the most criticd
for the BELLE case since SVD islocaed just outsice the
IP beam chamber and the tolerance of the chip used is as
low as200 krad(so-called'radiationsoft’) .

Fig. 1 The Tsukuba straight section of KEKB. Horizontd scde is reduced by 1/20 smdler than the verticd one HER
incomingis left lowerandLER is right upper.




1.3 Background monitors

Severd kind of backgroun monitors are instdledin the
BELLE oeector. Twelve PIN photododes are placed
inside SVD system to monitor an instantaneous dose rate
into the sensors and the dectronics. Accumulaed dose is
dso checked regulaly by the RADFET device, which
ind cates the exposed dose with its threshold voltage as an
FET. To ge afast response in monitoring beam loss
during an injection period, we place pure Csl crystds with
phototubesnsidethe endcapdetectors.

Other than those specid devices, the BELLE detector
itsdf is dso usad as a background monitor in tems of
counting rate, lesk currents of biasing voltage, occupancy
or noiselevelin the seonsrogndso on.

2 BACKGROUND IN SUMMER ‘99

Following the KEKB commissioning without the
BELLE datector (Dec'98-Apr'99)%, the BELLE ddctor
rolledinto the beamareaat the earlyMay ‘99.

2.1 LER background

All the background monitors showed a dear qudaratic
dependence on LER beam current as shown in Fig. 3 and
were improving dong with an integrated beam curent. It
was evident that the background from “lost patide’ ae
dominantsourceof baclgroundin LER operation.

ul27_hbk

0 25 Y 5 100 125 156 17 60 ZEE ZAD

Fig. 3 Typicd LER background in PIN dode Horizontd
axis represents LER beam current in mA and verticd is @
Idoseratein aPIN diodein mrad/sec.

2.2 HER background

There seemed to be three dfferent kinds of background
in HER operation. One was an anticipaed lost-paticle
background, which was dealy seen in EFC (Extreme
Forward Cdorimeter mounted on the tip of QCS's
cyostat), ToF (Time of Flight scintillation ocounter
locaed 1m away from the beam ling) or Csl (Csl crystd
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Fig. 2 KEKB IR closeup. Horizontalscaleis reducedoy 5 timessmallerthanvertical
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Fig. 4 X-ray spectrum observed in SVD. Dotted
histogram represents the spectrum in the early July *99.
Dashed one was teken after limiting the strength of the)
corrector magnets. Solid one is the spectrum in the
autumn.

cdorimger 1.5 m away). They showed a quaddic
dependencen beamcurrent

On the othe hand there were some background
indcators which showed domost linear dependence on
HER current. They are CDC (Centrd Drift Chamber) or
PIN dodes locaed forward pat of the IP beam pipe By
andyzing low energy deposits in SVD with a single
bunch operation of HER, it was found that there were two
components of x-rays, low energy (<<5 keV) one and
high energy (~30 keV) one as shown by a dotted
histogram in Fig. 4. A linexr dependence of the
background on HER current could be understood if we
assumehey comefrom SR in someHER magnets.

Since the threshold of the above spectrum measurement
is as high as 5 keV, the intensity of the lower enegy x-ray
could be too high for the SVD preamplifier chip to
survive. When we recognized the situaion, the gain of
the SVD chips had dreedy fdlen to the ground as shown
in Fig. 5. We found in the beam study after the incident
that some of bump orbits in the upstreem of IP can
illuminate onto the IP beam pipe with SR which is
generaed in the corrector magnets with a kick angle
aound 0.5 mrad Once we limited the strength of the
magnet, the pesk a low energy region dsappeared as
shownby a dashedhistogramin Fig. 4.

As mentioned before, HER has no strong bendng
magnet in the upstream of IP. The potentid source of the
higher energy x-rays is the QCS-R which saves a
bendng fidd for HER beam &fter IP. High energy x-ray
flux illuminates the duminum beam chamber in the
downstream and some significant fraction of it can be
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Fig. 5 SVD gan dop. In severd ladders in the inner
mostlayer, the gainsfall rapidly.

reflected back to the IP chambers. Background energy
spectra observed in CDC, where a shoulder around 5 keV
was seen, could be explained essily by a Compton
scattering of 30 keV x-ray mentioned above inside CDC
volume. Due to this higher energy x-ray, CDC can't be
operatedstablywith HER currenthigherthan200 mA.

3 MODIFICATION IN SUMMER
SHUTDOWN

As mentioned above, we had three serious problems in
HER background Our effort for the improvement is,
thereforethreefolds.

3.1 Effort against lost particle background

We recognized that there were holes which were not
shidded wel from shower paicles generaed by lost
prtices hitting on the beam pipe wal. Presumably the
first place to be fixed is the hole between EFC detector
and the existing tungsten mask as illustrated by shadowed
aess in Fig. 6. We have added new tungstem masks as
indicatedby hatchingin thefigure.

3.2 Reduction of higher energy x-ray
background

As mentioned above, the higher energy x-ray is thought
to come from a reflection of SR photons generated a the
QCS-R. To reduce the flux of the x-ray we modfied the
beam chamber which would be illuminated by te primary
SR photonin two points;

the materid used is changed from duminum to copper
in orderto reducereflectionprobability by afactorof ten.



the shape is modfied so as to make a reflecting surface
father avay from IP. Reduction of a factor of two is
expecteddueto asmallersolid angle.
In Fig. 2 the old chamber shape are drawn by thin curves
while the newshapss illustratedby thick ones.
The new beam chamber has been fabricated and insta led
atthe endof September.

3.3 Protection against lower energy x-ray

In the beam study & the end of the last run period, we
found tha an upper limit on the kick angle in some of the
corrector magnets were effective to prevent alower energy
SR x-ray to illuminae the IP chambers as described
before. We, thefore, decided to have a dfinite restriction
to every IR upstream corrector magnet of HER on its kick
angleasfollows;

i) dl the corrector magnets 10 m or farther upstream of

HER IR havealimit of 0.3 mradin its kick angle.
ii)further limitation is goplied on s*6 to be less than

15mm where sis adstance of the magnet from IP and

Ois akick angle.

Condtion i) limits a criticd energy of x-rays emitted a
the magnets and ii) prevents the x-rays to hit the IP
chambedireclty.

To avoid such a low enegy x-ray to damage the
dectronics of SVD by dl means, we wrgp the IP
beampipe with a kapton film coated with 20 pm thick
gold Furthermore 300 mm thick gold plates are put in
front of the electronicof SVD.

4 BACKGROUND IN AUTUMN
3.1 LER background

Due to the exposure of the IR components to
aomosphere during the summer shutdown for the
replacement work of the damaged SVD, LER vacuum and
therefore the background from LER was not good in the
early days of the autumn operation. It isimproving dong
with anaccumulatiorof LER beamcurrent.

3.2 HER background

At the beginning of the autumn operation, we mace the
messurement of x-ray spectrain SVD with 10 mA current
as done in the last period The solid histogram in Fig. 4
represents the spectrum observed in the autumn. Thanks
to the replacement of the down stresm beam chamber the
yiedof higher energy x-ray is now reduced by a factor of
20 as expected The dsence of sharp pesk in the lower
energy region implies that the orbit control in the
upstream with the new limitaionon the stearing
(correctorymagnetswvorksfine.

The reduction of the higher energy x-ray is dearly seen
in the leskage current of CDC as shown in Fig. 7, where
the leskage current are plotted as a function of HER beam
current. Also foundin the figureis that the dependence on
the beam current is quadratic in the autumn run whileit is
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Fig. 6 Closup view of IP. Horizontd scdeis 5 times smdler than vertica one Hached areaind cates the new masks

installedin thelast summershutdown.
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Fig. 7 CDC leskage current as a function of HER current.
Cross shows the leskage currenta in the summer and dot
indicatesthosein theautumn.

dmost linear in last summer. Most of background now
seemgo comefrom lost particles.

5 SUMMARY

We have started the commissioning of the KEKB with
the BELLE detector rolledin since the last May. The back
ground observedin LER operation was considered to come
from loast paticles. Its levd isrddivey low and and is
still improving according to the improvement of vacuum
leve. In the last summer operation we suffer from the
HER background due to SR photons. By replacing the
beam chamber downstream of the IP in the summer
shutdown, flux of the photons are reduced siginificantly.
From the autumn operaion, the mgor background source
in HER can dso be undastood as those from lost
particles.

For further reduction of background, the studes
especidly on the rdation between the background and
vacuumpressureshouldbe veryimportant.
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