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Introduction

How do present multipurpose detectors operating at \s ~ 10GeV perform
at high luminosities?

Results are my personal views based on BABAR studies

(Report of the High-Luminesity Background Task force,

C. Hast, W. Kozanecki (chair), A. Kulikov, T.I. Meyer, S. Petrak,

T. Schietinger, S. Robertson, V. Sullivan, J. Va’vra, BaBar Note 522)

Results shown in blue are those given in the above report
All results shown in green are my personal extrapolations

Estimated systematic uncertainty for BABAR results is factor of 2
(for my extrapolation also expect at least a similar uncertainty)

It does not make any sense to extrapolate measurement (o oo > DAOPS

Extrapolations depend very much on layout of the IR
It is mot trivial to predict background levels from BABAR study for
other IR layouts sueh as ¢g BELLE



Luminosity Considerations
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June 2002 A< 107 6.5 10

August 2005 0.6-1.7x10°4 .5 1P
August 2008 1.7-7.0x 1034 5.0 105

some date after 2009? I 1.0-4.0< 1076 1.0 1055

T3 The peak luminosities shown in blue were given by lan Shipsey as guideline

1 The peak luminosities shown in agreen are those | considered



Sources of Machine Backgrounds

0 Detector subsystems are subjected to different machine-related backgrounds

» Electroms: —> lost particles backgrounds (beam-gas bremsstrahlung,
Coulomb scattering) and synchrotron radiation

» Positrons: —> lost particles backgrounds (heam-gas bremsstrahlung)

# 2 beams:

no collision — sinﬁle beam backgrounds abeve plus beam-gas cross term
i collision —> backgrounds from luminosity, beam-beam tails & above 3



Multipurpese Detector for e+e-Collisions at 10GeV

BABAR--

" Muon/Hadron Detector
Magnet Coil

B EtectronPhoton Detector

W cherenkov Detector

W wacking Chamber

W support Tube

" Vertex Detector




Silicon Vertex Detectors
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Silicon Vertex Detectors

Composition of SV Diode Background!
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() SVT dose rate: FE MID [kRad/y] =128 Kz + 16 P
BW MID [kRad/y] =246 By + 90 Ppp



Conclusion Silicon Vertex Detectors

]& e s 6.3 10 1.5 10 S 1o > I 0P8
e () 55 400 2000 2
I Y 2.8/1.1 3713 4.6/1.3 ?
Dy, [KRad/y]:  480/280 690/ 340 1300/930 ?

[ Radiation levels depend very strongly on layout of IR,
They are lower at KEKB than at PEP 11

™ In BABAR silicon detectors are expected to survive a total dose of 2MRad
The FE:MID and BW:MID receive highest doses —

With replacements of detectors in the MID plane BABAR SVT is expected
to survive luminosities of 1.5-3<10*

) R&D at LHC has demonstrated that silicon detectors can survive high
hadronie radiation levels, uestion is the eleetromies

[ So for £, ~ 1-10x10% silicon detectors probably work



M Machine backgrounds affect operation of Drift Chamber in 3 ways:
= Total carvent I, in Drift Chamber drawn by wires is dominated by

charge of beam-velated showers
by 8 limited by high-voltage system,

=> above limil chamber becomes non operational!
= high currents also contribute (o aging of chamber!

= maximum Q. 0.1-1.0 Ch/em of wire

7  Occupancy in Drift Chamber due to backgrounds (hits, tracks) can
hamper reconstruction of physics events

»  lonization radiation can permanently damage read-out electromics &
digitizing electromics



Drift Chamber Currents

M Single beam and collision
measurements taken June/
July at HV=1990V

0 For HV=1960V scale
current by factor 1.67
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with currents in [A] and lminosity in anits of [ 10°° enmr! ']



Drift Chamber Backgrounds

Composition of Drift Chamber Background

—l200
M Seeman model for HV=1900V = Seeman model
@mw () Luminosity
@ I LER
3 - N HER
0 At HY=1960 background levels
are expecetd to be 65% higher 500

a

A -
4 23 6s 4o loo [0 Ifﬁ’fm'ﬁ}



Drift Chamber Occupancy

* 1900V o 19800
| r T

O At HY=1990V (Jan-July):
Npcn = 138H0.27 Ui (<IS00UA)
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[ Large spread
= extrapolation difficult

200 =
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300/
0 At HV=1960 V(July-now): 4
Npe = 2004018 1y 2000y e

data points at ~ same £ |

I

DCHI occupaney vs. cutrent

O Npey = 004440090 1, ;o +0.0402 12, 0+ 1.03 D #0113 1, + 0,147 §
with occupancy in [ % |, currents in [A ], lominosity in anits of [ 10°° ¢! 5]
at 1900V



Conclusion on Drift Chambers

fema? st 6.3 10 L3 h0 S QP > 1098
Jﬁ”dt [b: 33 400 2000 2
by Do [AT: 2.8/1.1 3713 4.6/1.5
Tpew WAL 630 1250 3000 2
Npers 1% 3.1 5 10 2
Q... [mCh]: 15 50 >100 >
Dose [Rad) 275 2000 10000 }

* Extrapolation is uncertain due to IR configuration and > 2 orders of
magnitude scaling

0 Extrapolations to > D105 ¢ No sense
p:,r, %&”ﬁ to luminosity lifetime
(see M. Sullivan’s talk at Hmsleml)

0 For £, > IX10° it is very unlikely that drift chambers will work
Like at LHC one needs to consider sofid state devices ? ( Muliple Scutfeving)



Light Yield Changes in EMC

Gain History
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Average Occupancy in EMC Crystals

Callislonsdata. (I_LER = 1100 mA), Callisions dots (ILLER= 1100 mA)
Single Crystal . == # Crystals
occupancy A with > 10 MeV

i
HIH Currmat [mA)

O Ny (B> IMeV)= 9.8 + 2.2 1o +2.2 1y o+ 1.4
Nise (B> 10MeV)= 4.7 By + 0.23 Py 4241, o+ 033 By + 0.6 £

with beam currents in units of [A ] and laminosity in units of [ 10°% ¢! s



Composition of EMC Backgrounds
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Conclusion on Electromagnetic Calorimeters

m fem" s 6.5 1O 1.5 105 S > I 10
dt [t 55 400 20060 ?
By Do 1A 2.8/1.1 3.7/1.3 4.6/1.3
m'ﬁ" 28 2 93 1
cllmleu l‘] 21 32 56 4

*Extrapolation is uncertain due to IR configuration, beam

(W 0l'|:llllimil s<:]5><lil"" aledrad for CsI('TD) eryst
to be a pmh l'wqila ﬁglllms gs?xlgttc
(W lmpacl ul‘ lalﬁgmlmlnr of low-energy photons on EMC energy resolution

tering m‘illlm, digital filtering, et¢ (needs further study)
Exlmzl luminmily cont ion to be dominant ¢ 8A BAR)

[ Expect reduction of background rates through improvements of vaeuwum
near IR combined with effective collimation against e+ from distant
Coulomb seattering

) For laminosities > 1< IW loss due to radiation and m:mmy levels for

esent Csl S emlam able — need
m«mwm ﬁalm (pure Cs



Compeosition of Trigger Backgrounds

Composition of Trigger Background

Seeman modell
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) Expected L1 frigger rate: L1 [Hz]=130 (cosmies)+ 130 1 ;. + 360 B + 70 £



L1 Trigger Rate vs Current in Machine

MD-From-June-25 MD-From-July-6
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Conclusion on Trigger Rates

£ lem! sl 6.5 107 1.5 103 Soc 1P >1x 1095
f £dt  [fb): 55 400 2044 %
P LI E 2.8/1.1 3713 4.6/1.5

L1 [Hz]: 1350 2130 4800 =% 306

“Extrapolation is uncertain due to IR configuration

O For £,,,, ~1.5<10™ in BABAR trigger needs to be upgraded to cope with
high rates

O3 For higher luminosities one could do more stringent prescaling of
Bhabhas, radiative Bhabhas, beam gas
One needs to design appropriate tracking deviece used in trigger

M LHC experiments cam aceept 1.1 trigger rates of 100 kiz (ATLAS)
bunch crossing is 40 VMiHz



Conclusions

) Vertex detectors:

» Based om studies at LHC silicon vertex detectors (ﬂmhah will
work at high luminosties of £, , ~ 1-10<10% (= do R & D studies)

) Drift Chambers:
= For £ . > D10% it is very unlikely that drift chambers will work
Like 'Mml.* HC one needs to comsider solid state deviges 2 ( Madbiple scq_m,.,;wj 2)

) Particle ID:
» With appropriate design of accepted counting rates, beam collimation &

shielding DIRC type detectors probably work at Lo ~ 1-10x 10
Electromagnetic Calorimeter:

= For £ . >1<10% light loss due to radiation and occupancy levels for
prese'i% Csl(Tly erystals are not suitable (= need R&D studies)
explore other scimtillators (pure Csi?, ...)

DO Trigger:
» Based on LHC studies it should be possible to design frigger system for
£ > 0%

peak

Muow Syskwm:
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