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System Geography
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Downstream Hadron Monitors Muon Monitors
® Max fluxes 10%cm?/spill ® Max fluxes 4 107/cm?/spill
® Rad levels~ 10% Rad/yr. ® Rad levels~ 107 Rad/yr.
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Particle Fluences
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* Neutron fluences~ 10" chg'd ptlces at HadMon, Alcove 0
« KEY POINT #1. HadMon insensitive to horn focusing!
« KEY POINT #2. mMon distributions flat!

S. Kopp, NBI '02 Beam Monitoring 3




# Role of Monitors

e Commissioning the beam — check of alignment
»Proton beam — Hadron Monitor
»Neutrino beam — Muon Monitor
»Neutrino beam — Near Detector

* Normal beam operations — ensure optimal beam
»Proton beam angle — Hadron Monitor
»Target integrity — Hadron Monitor
»Horn integrity, position — muon monitor

¢ Re-commissioning the beam if optics moved
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Hadron Monitor
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|nformation in Alcoves

i i

e E

B 0.05— ——  Muonsin alcove

Fa e e Mucns in alcove 1

[ [

£ D.D4:

E L

= 003 [ L e Neutrinos in Near Detector

g . Ak smemes Neutrinos in Far Detector

£ 0.02—
[ ._I I_,'I” o1 ,'; 5

Q.01 J-DT* r'll“:h!.::-:n‘“'dﬂl S it = lr'“F-." | 3 "
T ,r':l- b :—':-.-\.-"—._ Lo _-|| ‘__!.! !_I o |,_I|-J !_1 ||'-_|||l-'----:I J:i-:rﬁfl-lrll:rj IJJ:.I: i i‘,l : :::[“
I:]EFI LI N A0 P S ) U 2 3t Y Ly S i o il S M AP 2 g B | RO T e

0 ) 10 15 20 25 30 35 40 45 a0

: Parent Momentum (GeV
« Hadron Monitor swamped by p’s, protons, e'e . Gey)

» Alcoves have sharp cutoff energies
« KEY POINT #3: Even Alcove0 doesn’t see softest parents.
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Flexible Energy Beam

* Low E, beam flat, hard to monitor
relevant parent particles.

* Best way to focus higher energy "o ¢
pions. focus smaller angles.

170 & — MNe target shift

* Placetarget on rail system
for remote motion capability.
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Variable Beam as Monitoring Tool

« Muon alcoves have narrow acceptance (long decay tube!)
* AsE, increased, decay products boosted forward
See peak in particle fluxes as energy increases
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 Alignment of n beam
» Beam center to ~ few cm
» Lever armis 740, 750, 770 m
» N beam direction to ~ 100 nrad
» Can measure in 1 beam spill
» Requires special ME/HE running

e Asbeam monitor
»Rates sensitive to targeting
»Centroid sensitive to horn focusing
»Centroid requires ME/HE run

(1 spill)
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MINOS Near Detector

Also locates neutrino beam £ 100

Lever am ~ 1040 m

Neutrino beam center to ~
10 cm (1 week’ s data)

Align n beam to 10 nrad

Requires
»Special ME/HE run
»1 week’s data
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Sense wafer, chamber side
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Parallel Plate |lon Chambers

11.4° 11.4 cm? Al O, ceramic wafers
Ag-plated Pt electrodes

Similar HV ceramic wafer

Holes in corners for mounting

Viasto solder pads on reverse side.

Separate mechanical support and
electrical contacts

Adopt design with electrical +
mechanical contacts in corner holes
(HadMon and possibly MuMon?)

Chamber gap depends on station
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Beam'’s Eye Sketch for DHM

« Single box, multiple gas

inlets/outlets.
e DHM ~ 1x1 m?

e MuMon ~ 2x2 m?,

design still TBD

e Each PPIC has Am?#
source for calibration

signal between spills.

« Weldfina lid or

Cu/Indium wire sedl.

- PIC © Feedthrough
@ Screw and Washer

E—— Box Rib




Electrical Feedthroughs

Jam nutson
. . pin to connect to
* Combine functions # external cable?
»mechanical support of chamber el
»electrical feedthrough i Swagelok
- Feedthroughs are shielded with B o
grounded outer jacket trescearod™, | Coramicipe _
» Move feedthroughsto ‘rear’ '“ by T \||§|| "
_ roun i
» Need to shield exteriors of i || Shiedaround :
: insulator

Swagelok |
Bulkhead | &

feedthroughs from neighbors
(kapton tape and Al foil).

e Designfor DHM - | M\NI Al// N?\Nl—

(MuMon TBD)

||
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lon Chambers at High Intensity

—— Low Intensity
o _ _ AChgmber —— High Intensity
* |lonization proportional to particle Signal —— High Intensity
number through gas. (loss of collection)
« Withlargeionization, chargesin gas
screen chamber field
» Lower field increases drift time,
greater potential for recombination.

« Cantry to counteract this effect with

»Larger chamber voltage >
»Smaller chamber gap Chamber Voltage
»Different gas (larger WP lower

ionization) ® | arge voltage plateau is a helpful
»Gas additive (increase drift velocities indicator of no loss of signal, but not
—eg CO, or acohol). required (just need linear vs.

Intensity at some voltage)
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Hardware Tests

Bench Tests with Alpha Sources
»lnvestigate plateau behavior
»Cross Talk
»lon Attachment coefficient

Fermilab Booster
»8 GeV/c protons
»1.56 nsec spill length, rep rate ~Hz
»1019 - 5" 10%? protons per spill

Brookhaven ATF
»40 MeV/c electrons
»50 psec spill length, rep rate ~ Hz
»107 —10° & per spill

Neutron Irradiation
»50 Ci Pu-Be source (E, ~ 3—12 MeV)
»1 MW fission reactor (10° fast n’ s/sec, 10%3/sec total)
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Bench Tests

e 3 chambers, Am?* source
(E, =5.3MeV)

o Setup useful to study
»Chamber plateau
»Electrostatic screening
»Cross talk
»Charge recombination
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|on Recombination

Required to understand charge loss
at high beam intensity o T TR e
Assumeion lossin time: EZ‘; |
o 80
@ »-anb n(t) - noe- « '% - 53 mm Chomber Gap
o ] _ E i 760 mm Hg
Assumeion drift vy ~ K(E/p)™ so 5
that t ~ (d/2)/v,,. g
n(t) ® ad™? pm o a8 W7 . H_e gas. 0;=2.3 ppm
—= expg —— ﬂé ¢ Air
n, 2KV" 4 5 [
Investigating scaling with - .
»Chamber voltage V o
»Pressure p Oy e T e e e0 oo
»Chamber gasgap d Chamber Voltage (V)

. IMpurity level (O,) inHegas
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Booster Beam Test

Fermilab Booster Accelerator

8 GeV proton beam
5 10°- 5" 102 protong/spill
5 cm? beam spot size

M 10 November 2001

. - s oron,
® Two chamberstested (1Imm
& 2mm gas gap)

¢ 2 PCB segmented ion
chambers for beam profile.

~® Toroid for beam intensity
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Range of Linear Operation?

* Intensity scans at 3 chamber voltages - ' ' ' T e 2
X o ]
» Seeonset of charge loss at ; S Z
. : 200 | .
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Effective Screening of Field

 |onization density increases b charges screen chamber field.

* Apply larger bias, overcome reduced field before
recombination attenuates charges

2 8

g E I | I | I | I | I | -EI! f& E
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'l C in s ]
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#SI owing Charges :

» Scopetracesof chamber
signal.
* Directly seelonger drift time

* Develop finite element
model to describe charge
mobility,

»field screening,
»charge recombination
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Integrated Dose (10" protons)

25 FTr T U T N o U L T L T

- | Total BeamDose| /|
20 i JJI

s
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PIC /Toroid {pC /107 protons)

* No effect seen at the 1-2% levdl.

o Actual dose ~ 20-30% higher
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Aqging Effects?

Chamber Response

’
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Signal Cross Talk?

Chamber
ramped
100-200V

proton beam

—_—

P

Chamber
at 200V

* Feedthroughs + mesh
screen, adequately shield
signals
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Tests at Brookhaven ATF

Beam Intensity (107 &)
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ATF Plateau Curves

5mm PIC Plateau Curves

12 T T T
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Dec 2001 Preliminary Testbeam Data
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Conclusions

Monitoring system
»Rate capabilities spill-to-spill
»Detailed measurements in periodic dedicated runs

Chambers will operate linearly at NuM| intensities

Much study to do on
»Radiation hardness of materials, cables
»Coalescing beam test data
»Chambers already losing charge, compensated by gain?

Engineering design of system being compl eted.

Thanks to Konrad and all for a great workshop!
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