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Abstract

Beam |lossesin the Fermilab Tevatron and Main Ring result in high occu-
pancy in the drift chambers of the D() detector. This causesincreased muon
trigger rates, complicates track reconstruction and causes aging of propor-
tiona drift chambers (PDTs). Veto methodsintheMain Ring casereducethe
integrated luminaosity by about 20%. In April 1994 significant efforts were
started in both the Accelerator and Research Divisionsat Fermilab to explore
the problemin detail and to find away to reduce particlebackgroundlevelsin
the DO detector. Monte Carlo simulationswere performed for beam lossin
the Tevatron and Main Ring and for induced hadronic and electromagnetic
showers in accelerator, shielding and detector components. As aresult, an
optimal shielding configurationwas proposed and installed in thetunnel dur-
ing August-September 1994 shutdown. In addition, the existing A scraper
was replaced with anew one with two thin scattering targets. Measurements
have confirmed alarge effect from these improvements. Accelerator related
backgroundsin the D@ detector have been significantly suppressed and now
are much lower than those from the pp collision point.
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1 Introduction

Experiments at high energy hadron colliders require specia shielding against ac-
celerator produced background particles. There are two main reasons which make
this problem important: the detectors are situated directly in the accelerator tunnel
and secondary particles produced by beam loss are of rather high energy, so they
can punchthrough accelerator components and other equi pment.

Since the begining of D) operations two major sources of accelerator related
backgrounds have been under study:

e Tevatron halo related backgrounds,

e Main Ring related backgrounds.

All background particlesfrom accelerators originatein interactions of primary
beam particles with residual gas and accelerator equipment. Theimprovementsin
beam quality, as well as appropriate shielding, can considerably reduce the back-
grounds. The DO experiment set up ispresented in Figure 1[1]. Proportional drift
chambers (PDTs) of WAMUS and SAMUS muon detectors are affected by back-
grounds more than other detectors. This is why we concentrate in this paper on
improvement of the muon system background environment.
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FIGURE 1. Schematic view of the DO detector at Ferronilébz. '



2 Backgroundsin the DO detector

2.1 Tevatron Halo

Proton and antiproton beams can interact with accelerator equipment and residual
gas during circulation in the Tevatron. Due to these interactions there is a halo
of particles traveling s multaneousely with main bunches, but outside the beam
envelope. Asaresult of beam halo interactions with limiting apertures, hadronic
and electromagnetic showers are induced in accelerator and detector components.
Products are detected in the D@ muon chambers. such particles pass through the
outermost layer of amuon detector earlier than those from the collisonsat thein-
teraction point (IP). Thistimeis equal to 63 nsin our case.
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FIGURE 2. Drift time distribution (counts per 1 ns) for the outermost tube plane of the
DO detector in the “pre-shield” era.

Figure2 showstypical drift timespectrumfor aC-layer PDT inthe“pre-shield”
era. Thereweretwo peaksin the spectrum: at the beginning - from Tevatron halo,
and later - from particlesoriginated in pp collisions. The number of hitsfrom halo
particlesfor some storeswasalmost equal to the number of hitsfrom particlesorig-
inated from the collisions and collision remnants. Those hits produced the follow-
ing problemsfor the data collection/analysis:

4



1. Substantially increased (by a factor of 2 to 10) muon trigger rates, which
cause the D¢) data agqusition system to saturate and also require prescales
for muon triggers.

2. Background tracksfound by muon track reconstruction program. These hits
waste computer time as they are difficult to suppress and they lead to confu-
sion in pattern recognition.

3. Additional source of aging of PDTswhichisamost equal to the aging from
particlesthat originate fromthe IP.

4. Saturation of the signals from the PDTSs, causing inefficiency for the detec-
tion of real muons.

The beam halo induced fluxes are typically ~3x10°m~2s! at the luminosity
of 10°'cm~2s~!. The fluxes on the proton and antiproton sides of the detector are
uncorrelated and typically the p-halo islarger than the p-halo (normalized per ap-
propriate beam intensities). Sincethetiming of the halo related particlesdiffersby
lessthan 100 nsfrom particles originated inthe IR, it isimpossible to suppress this
background in the long drift time SAMUS/WAMUS PDTs.

2.2 Main RingHalo

The Main Ring related background particles produce hitsin the D¢ muon PDTs.
These hitsare the origin of large currents drawn from the high voltage power sup-
plies (HVPS). Figure 3 shows the HVPS current for one of the SAMUS drift tube
plane of 3.3x3.3m? area(see Fig. 1). One can seethe spikes dueto the Main Ring
beam loss at injection of beam into the Main Ring and transition through the criti-
cal energy. Also, one seesincreased current from HV PS each time the Main Ring
beam passes the DO collision hall. The pedestal is Tevatron related.

The estimated flux of particlesin the SAMUS/WAMUS detectors during in-
jectionis~1.5x10°m~2s~!. This background also produces energy depositionin
the DO liquid argon calorimeter, especially near the Main Ring beam pipe which
passes directly through the calorimeter (see Fig. 1). pp events that occur during
high losses in the Main Ring usually contain many more hits than events without
the Main Ring activity, requiring the events be vetoed thus losing luminosity.
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FIGURE 3. The HVPS current (2A) of one plane of the SAMUS drift tubes (C-layer) at
the Tevatron luminosity of 8x10°° cm~2s~! and the Main Ring beam of 2x 10'2 protons.

Important features of the Main Ring related backgrounds are that, first, these
are unstable in time (a factor of 2 or more variation depending upon accel erator
conditions), and, second, the backgrounds at the downstream (with respect to pro-
tondirection) sidearetypically twotimeslarger compared to those on the upstream
side (without shielding wall on the downstream side). The current method of re-
jecting events with the Main Ring beam on is the following: veto data collection
(for amost all triggers) during 0.40 sec at injection (so called a Main Ring beam
loss signal) and veto data collection (for many triggers) for 2.6 xs each time the
Main Ring beam passes the D©) collison hall. These vetoes almost completely re-
ject events with hits from the Main Ring, but:

1. The Main Ring veto is amaor source of the DO dead time where approx-
imetly 20% of the pp events arelost. This isthe main source of difference
between the CDF and D¢ integrated luminosity.

2. Thehitsin PDTs lead to the “aging” — a degradation of the detector perfo-
mance. The charge deposited on the PDT wires is proportional to the area
under the curvein Fig. 3.

3. The Main Ring losses sometimes cause the HVPS trips due to overcurrent,
which halts the data taking.



2.3 Experiencewith Shielding

In the design of the D) detector specia collimatorswereinstalled in the SAMUS
toroids[2] to substantially decrease beam halo fluxesin the A-layer of the muon
chambers and pp-induced fluxesin the B and C-layers. Shielding on both sides of
the CDF experimental hall wasinstalled in 1992-1993 [3]. The CDF experience
showsthat concrete shielding wallsin the accel erator tunnel considerably decrease
accelerator related backgrounds and improve quality of the data collected.

3 Beam Lossand Induced Showers

3.1 Simulations

In our studieswe assume the low- 3 Tevatron lattice [4] with the standard parame-
tersfor 900 GeV proton and antiproton beams. Two primary sources of beam loss
in the Tevatron collider are considered: pp collisons at the B¢) and DO 1Ps, and
beam halo interactions with the Tevatron scrapers. The events for the first term
are simulated with the DTUJET93 code [5]. The beam halo interactions with the
scrapers and the particle tracking through the lattice with a beam loss recording
is done with the STRUCT code [6] with each lattice component taken into ac-
count. Beam loss induced hadronic and electromagnetic showers as well as the
particle transport in the accel erator and detector components, in the Tevatron tun-
nel, the experimental hall including walls, and in the shielding, are ssimulated with
the MARS code [7]. The energy thresholds are 1 MeV for muons and charged
hadrons, 0.1 MeV for electrons and photons, and 0.5 eV for neutrons.

When smulating the beam induced showers, all the details of the 3-D geom-
etry, materials and magnetic fields in the low-3 quadrupoles Q2F (G = 125.562
T/m), Q3D (G =-124.004 T/m), Q4F (G= 126.000 T/m), in the Main Ring dipole
magnets, in the tunnel and collision hall, and in the D& detector muon system and
the endcap calorimeter areincluded on both sides of the detector extended to 5 me-
ter radiusfrom the Tevatron beam line. Calculated valuesarethe 3-D distributions
of star density (density of inelastic hadron interactions) everywhere, and energy
deposition, particle fluxes and energy spectrain the DO PDTs (B and C-layers).

3.2 Beam Losses

Thefirst analysis has shown that the accelerator related background in the D) de-
tector isdueto beamlossintheinner triplet region, i.e. 30 mfrom theinteraction
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point. The main reason isthat the 3-function reaches its maximum in thefinal fo-
cus quadrupoles Q2 (horizontally) and Q3 (verticaly) (Figure4). So, therearetwo
ways to mitigate the problem:

e minimization of the beam loss in the low-beta quads viaincreased Tevatron
scraper efficiency;

e installation of the shielding walls at the Tevatron tunnel entrances at both
ends of the DO hall.
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FIGURE 4. j-functionsin the DO interaction region as per N. Gelfand.

The first proposal [8] is based on the idea of using a thin scattering target to
increase amplitude of the betatron oscillations of the halo particles and thusto in-
crease their impact parameter on the scraper face on the next turns. It was shown
[9, 10] that thisresultsin asignificant decrease of the outscattered protonyield and
correspondingly of the total beam loss in the accelerator. The method would give
an order of magnitude in beam loss reduction at future multi-TeV machines, but
even at the Tevatron one could expect a noticeable effect. For the Tevatron, the
minimal proposal was to replace the existing scraper at A() with a new one with
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two 2.5-mm thick L-shaped tungsten targets with a 0.3 mm offset relative to the
beam surface on the either end of the scraper. Calculated beam loss distributions
in the Tevatron with and without scattering target at the A() scraper are shown in
Fig. 5and 6, respectively. One can clearly seethat expected beam lossesinthe DO
vicinity with anew scraper is about afactor of 2.5 lower. Such areplacement was
done during the August-September 1994 shutdown. The rest of the paper deals
with the second measure, the shielding wall design and study.
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FIGURE 5. Beam lossratein the Tevatron (baseline).
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FIGURE 6. Beam lossrate in the Tevatron (with target at the AQ) scraper).



4 Shielding Wall Efficiency

Longitudinal distribution of hadron inelastic events (star density) in the DO low-
(3 quadrupole beam pipeis presented in Fig. 7. The distribution, induced by halo
particles, has a sharp maximum at the Q3 quad, naturally, just at the 5-function
related peak in the beam loss. Induced showers are peaked even closer to the IP,
so the obviousway to intercept particle fluxesisto put ashielding wall ascloseto
the collision hall as possible.
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FIGURE 7. Intensity of the Tevatron halo induced nuclear interactionsin the low-3
quadrupole beam pipe.

Prior to our studies, a 1.5-m thick concrete wall was installed in the tunnel at
about 19 m north (proton side) from the DO interaction point. One can see from
Fig. 7 that thiswall was useless for intercepting particle fluxes from the beam loss
peak. Of course, it absorbed aminor fraction of flux from the previous lattice sec-
tion. Thus, our immediate proposal wasto move existing wall closer to the hall, or
to install another wall right at the tunnel-hall interface. It would also help to bring
the Main Ring induced backgrounds down. In addition, to reduce background lev-
elson the antiproton side, we proposed putting asimilar shielding at the south end
of the Tevatron tunnel entrance.
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Results of therealistic multi-turnbeam loss cal culationswere used for the Teva
tron sourceterm, whilefor the Main Ring we assumed asimplified model withlon-
gitudinally uniform beam loss in the magnets close to the hall. In calculations, we
concentrated on the hottest regions of B- and C-layersof the D®) PDTs, namely on
threeradial intervalsclosest to the beam: 25-60 cm, 60—130 cm, and 130—-230 cm.
Althoughthereisavariation inthe azimuthal flux behaviour (particullary up-down
asymmetry), most results were obtained, and analyzed, azimuthally averaged to
improve statistics and to simplify analysis of the overall performance. Neutron
spectrum at the C-layer (25<r<60cm) is shown in Fig. 8, with two well-known
peaks, 0.8 MeV and 8090 MeV, clearly seen. Fig. 9 shows hadron spectra at the
B-plane (60<r<130cm). Particles with energy in excess of afew GeV are pre-
sented, but the main contribution to the hadron flux is due to low energy neutrons
with E<5 MeV.
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FIGURE 8. Neutron energy spectrum in the innermost region of the C-layer due to
0.9 TeV beam lossin the DO low-3 quadrupoles.
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We found that charged hadrons bring typically about 1% to the total hadron
flux in the WAMUS and SAMUS planes. At the sametime, efficiency of the drift
tubesfor neutronsisonly ~0.001. So, thebackground ratesand chamber gasaging
are driven by the charged particles. Thisis especialy true because of a dominant
contribution from electromagnetic showersinduced by =° decays.
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FIGURE 9. Proton, neutron and charged pion energy spectra at the B-layer due to

0.9 TeV beam lossin the DO low-3 quadrupoles.

Table 1 shows azimuthally averaged fluxes of neutrons, charged particles and
photons at B- and C-layers for the proton and antiproton beam intensities which
correspond to the luminosity of 10°'cm=2s~!. With such aflux composition, the
required ordinary concrete shielding wall thicknessisabout 1.8 m. Thereisalmost
no further reductioninthe Tevatroninduced flux at the D() detector withincreasing

of the thickness above 1.8 m.

A few shielding configurations have been studied to find the one with highest
efficiency while matching both the machine layout and the installation possibili-

ties:

1. Baseline: “old” 1.5-m wall on the North (proton) side and no wall on the

South (antiproton) side.

2. Basdline plusanew 1.8-m wall at the Tevatron tunnel entrances.

3. New 1.8-m walls at the Tevatron tunnel entrances.

4. Baseline plusreduced wall, 1.8-mthick at the bottom 60% of the height and

1.2-m thick the rest 40% of the height.

5. Configuration 4, but with a 30-cm gap around the Q4 quadrupole.

12
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Table 1 : Neutron (n), charged particle (h*e*) and photon (y) fluxes (cm™2s™') for
configuration 2 (¢-averaged). One R.M.S. statistical errors are 5-7% for neutrons
withE<14 MeV, 15-20% for other hadrons, and 20-30% for electronsand photons.
Ry :nE214MeV/ntot; Rzzei/hiei-

Layer r(cm) nee Ry hTer Ry

B 25-60 144 0.03 201 098 8.27
60-130 120 0.03 028 091 120
130230 1.17 003 005 088 044

C 25-60 262 011 027 062 217
60-130 1.78 0.08 0.09 0.62 1.16
130230 120 0.06 0.03 080 0.32

We define here a shielding efficiency as a ratio of the charged particle flux at
the B- and C-layersin the baseline configuration to that in one of the new configu-
rations. Tables 2 and 3 show thisreduction factor at B- and C-layersfor neutrons,
charged particles and photons separately. Depending on the shielding configura-
tion and on the location in the detector the background suppression can be as high
asafactor of 12. On the average, for the charged component driving the detector
response, the effect is not so high: about a factor of 5 for the C-plane and 3 for
B-plane (Table 4). Results of this table will be compared with the measurements
presented bel ow.

Table 2 : Shidding efficiency (flux reduction) at the B-layer for neutrons (r), charged
particles (h*e*) and photons (v) in four shield configurations (¢-averaged).

r(cm) Conf. ny hTet ~
25-60 2 742 149 146
3 420 120 125
4 577 138 143
5 415 138 129
60-130 2 801 184 225
3 568 136 195
4 500 138 217
5 483 177 2.04
130230 2 768 374 584
3 723 198 462
4 746 3.07 484
5 6.29 183 494
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Table 3 : Shielding efficiency (flux reduction) at the C-layer for neutrons (), charged
particles (h*e*) and photons (v) in four shield configurations (¢-averaged).

r(cm) Conf. ny hTet ~
25-60 2 596 245 235
3 351 229 213
4 392 231 201
5 273 113 1.06
60-130 2 864 712 5.88
3 557 611 4.74
4 650 637 434
5 469 6.05 287
130230 2 962 115 125
3 886 108 122
4 897 9.08 104
5 6.39 595 10.3

If thenew wall isthinner in the upper 40% part, the reduction factor islower by
about 15-20% for the Tevatron induced backgrounds and by almost 50-60% for the
Main Ring backgrounds. The 30-cm gap around Q4 quadrupole increases fluxes
at the detector by 35-77%, so we have proposed filling this gap with sand-bags
with 10% addition of polybeads. Ideally, with the best shielding configuration and
with the perfectly tuned new A scraper, the maximum background suppresionis
expected to be as high as a factor of 8 at the North side and a factor of 12 at the
South side.

Table 4 : Background reductionin the B- and C-layers at the North (proton) siderel ated
to the Tevatron (TEV) and Main Ring (MR) in four shield configurations. Charged
particles, r- and ¢-averaged.

Conf. TEV (C) TEV (B) MR (C)
2 564 3.10 2.70
3 4.83 272 -

4 4.90 256 215
5 3.19 2.30 1.90
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5 Shidlding Installation

During the August-September 1994 Tevatron shutdown two concrete walls were
installed on both sides of the DO collision hall: the configuration 4 on the North
(proton) side and the configuration 3 on the South (antiproton) side. The distance
between collision hall and shielding walls is approximately 1 m — optimum ac-
cordingto abovedescribed ssimulations. Holesaround the Main Ring andthe Teva-
tron beam pipes were filled with sand-bags with 10% addition of polybeads.

6 Effect on Detector Performance

The WAMUS coversthe muon detection region || < 1.7. Theregion 1.0 < |n| <
1.7 tendsto be sensitive to beam-rel ated background. 1n order to study the effect of
the shielding walls on these backgrounds, we monitored the currents of the power
supplies which provide high voltage to the WAMUS PDTs. The fast histories of
the currentsare stored in the front ends of the supplies with asampling period of 50
msand adepth of 1 minute. The time structure of currentswas used to separate the
Main Ring induced component (spikesevery 2 seconds) from the Tevatron induced
component (baseline).

Fig. 10 shows a comparison of the Tevatron induced currents before and after
the shield wall installation for some typical WAMUS chambers. The points show
measured currents as afunction of luminosity, where the stars were measured be-
fore the shield wall installation, and the circles were measured with the complete
shield wallsin place. Thefirst plot isan example of current in the A-layer. These
chambersare already well shielded by theiron toroids, and the addtional shieding
of thewalls has no apparent effect. The central B-layer and C-layer and the North
and South B-layers are outside the iron, but are not located near the tunnel apera-
tures. They show a modest reduction of around 20% as a result of the shielding.
The largest effect of the shielding is in the North and South C-layers, where the
flux isreduced by afactor of 2 to 5, with some variation between North and South
and up and down, since the proton and antiproton hal os are different and the tunnel
is not centered with respect to the beam axis. These B- and C-layer PDTs are the
ones which have the largest currents and which suffer the most radiation damage,
so the reduction of flux is most important in thisregion.

Notethat flux which originatesin the collisions should be proprotional to lumi-
nosity. Some comesdirectly fromtheinteraction, and other comesfrom secondary
scattering and showering of particlesproduced at large rapidity. The currentsmea-
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sured after the shield wall installation appear to vary approximately linearly with
luminosity. Flux from halo will not necessarily track luminosity, and one can see
large deviations from the linear relationsin the pre-shielding points. As an addi-
tional cross check, we measured the currents during a store while the beams were
separated at DO after the shield walls were complete. With the beams separated,
one measures only the flux from halo and no flux which originates from the inter-
actions. The squaresin Fig. 10 show the currentsfor separated beams. The lumi-
nosity just before and just after the beam separation was about 2.7x 10°°. These
show that virtually al of the remaining flux has its origin in the interaction.

The decrease of the Main Ring induced backgrounds for the WAMUS cham-
bersisabout afactor of 2. The effect islarger for the South side where no shielding
wall existed before September 1994.

Effect of the shielding wallsiseven more dramatic for the SAMUS drift cham-
bers situated in front of the accelerator tunnel. The decrease in a number of the
beam halo hits (see Fig. 2) is 7 to 13 times for the B and C-layers. The A-layer
is pretty well shielded by toroids. This reduction makes the number of halo re-
lated hits much less than that from pp-collisions. Thiseliminatesthe Tevatron halo
background problem almost completly. The Main Ring induced backgroundswere
reduced by afactor of 2 for the North side and afactor of 3 for the South side, in
arather good agreement with the Monte Carlo predictions (Table 4).
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WAMUS currents (HA) vs. Lgminosity (1030cm'25'1)
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FIGURE 10. Measurements of HV currentsin typical WAMUS chambers. The stars
are measurements before the insallation of the shield walls, and the open circles are mea-
surements after. The lines are linear fits to the post-shield wall points. The squares are
measurements with beams separated in the post-shield configuration.
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7 Conclusions

Accelerator induced background is an important problem for hadron collider ex-
periments. Detailed calculations of the background sources in the D) detector
have lead to Tevatron scraper modifications and to a design for shielding walls
on the both sides of the experimental hall. Relatively inexpensive concrete walls
installed in the accelerator tunnel have decreased the Tevatron halo induced back-
groundsup to afactor of 10 and the Main Ring induced backgrounds by about afac-
tor of 2. Observed background reductions are in agood agreement with the Monte
Carlo simulations. After installation of the shield walls, the Tevatron halo back-
grounds became negligible compared to ones from the pp-collisions. The Main
Ring related backgrounds (PDT aging, HV trips) are now lower too.
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