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High Bandwidth Luminosity Monitor

Instrument US-built TAN absorbers to measure and optimize the
luminosity of collidina bunch pairs with 25 nsec separation
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neutron signal in the TAN

Charged particles swept away
0 (Gas) Detector placed after
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Instruented TAN absorber

Instrument a
Copper Bar
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LHC Luminosit onitor

The challenge:

« High radiation environment (100
MGy/year)

» Bunch-by-bunch capability (25 nsec
separation)

The solution:

e Segmented, multi-gap, pressurized
ArN, gas ionization chamber
constructed of rad hard materials
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Luminometer Beam Tests

Use beam test facilities at the ALS to
provide MIPs for the detector to test

e position sensitivity
e time response and gain
e accuracy

e oQperating experience over long time
periods

Bboster-Tb-Siorage Ring spur:

1.5 GeV e- at 1 Hz rate
30 psec pulse length

intensity from 1 to 1e9 e-
(1e3 typical)

daily access and availability

Storage Ring spill:

e 1.5 GeV e- with variable
spacing

o 30 psec pulse length
* intensity of a few e-
o weekly access
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BTS Tests

«““‘delta-function” e- beam (50 ps); 1.5 GeV; 1 Hz
«Adjustable intensity (typically ran at 20 pp£50%)

Ionization
Chamber
CdTe
pE—. Detector
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X-y table
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BTS Setup
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CdTe

BTS Waveforms

Ar [94%] N, [6%] 900V
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through pencil beam
e Record 4 quadrants:
x=(left-
y=(top-

Position Sensitivity
* Raster scan detector

Position resolution < 110 um
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e|lonization chamber works as a true 4-
quadrant detector

X and y are independent (no crosstalk)
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Gas Tests
e Chamber uses Ar (100-x %) + N2

(x%)
+ Design was based on Monte Carlo
calculations of gas properties ~ § |
 Drift velocity Is key parameter oo

(determines speed)




Detector response time

Measure pulse response for
varying pressure, gas mixture,
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Simulate LHC Pulse Rate in the ALS

scraper | vacuum chamber

//j -

S

77 1 ;
electron bunches | | lost electron | | primary

ionization

shower

chamber

i

Fill pattern adjustable with 2 nsec removeable
spacing into 328 buckets. Test up to 24 lead
nsec spacing.
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Fast Pulse Beam Test Results

Quadrant 3 - 4% Mlxture 25atm HV = 500V

52 nsec, 11 bunches —
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Further studies to determine

If pulses can be deconvolved
to 1% accuracy.
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Amplitude (V)

Spilled ALS beam provides a
test of LHC conditions.
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Signal (V)
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Latest results (last Saturday)
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Signal (V)
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26 nsec bunches zoom

26 nsec bunch spacing

| |
Need to deconvolve

-0.272- pulses using measured-
single pulse response.
-0.274 - Use empty buckets as -
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Front End Electronics modeling

single pulse response

QuickTime™ and a
TIFF (LZW) decompressor
needed to see this picture.

25 nsec pulse response




Possible installation in IP2 and 8
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Summary

Luminosity monitor

e Tremendous progress with limited budget

« on track to meet LHC specs

— prototype chamber/electronics designed and built
— 25 nsec test in progress;
— work beginning on deconvolution process

 ready to begin engineering of production prototype

— Improved mechanical design
— optimised front-end electronics

 preliminary work for installation in IP2+8
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