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Diagnostics for measuring longitudinal
parameters of the LHC beams

LHC SPECIFICATIONS
C. Fischer, LHC-B-ES-0005

- Abort Gap Monitor

- Debunched Beam

- Bunch Tails
- Ghost Bunches

- Bunch Core
(“real time”)
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MODE SENSITIVITY
Ultra-high High Standard

Observation period (ns) 100 0.05 0.05

Integration time (s / rev) 0.1/1100 10/10° 10°/107Y

UPD (p/ps) 0.45TeV 0.9x10°
7TeV W

Sensitivity (p/ps) 0.45TeV S$4x10° 10 10°
7TeV S60 '

Sensitivity/UPD 0.45TeV 4, 5x107° 5x10°
7TeV 3x10”

Dynamic range (p/ps) 0.45 4x10° 10* -3x10° 10° -5x10°8

TeV 6x10*

Aj:::w/ 0.45TeV S+2x10° +4x10° +10
7TeV S+30

Tr Ission rate (s) S1 60 0.1

rd
APPLICATIONS

Abort Gap monitoring X

Tails X

Ghost bunches X

De-bunched beam X

Calibration X

Core parameters X
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‘® Diagnostics for machine protection and
oy accelerator physics

- Abort Gap Monitor (AGM) to be iIncluded Iin the LH

Interlock chain.

- Monitoring the 3.3 us long gap in the LHC fill pattern (abort kicker raise
time.

- Other applications (LDM) are for accelerator physics
studies.

- Even though a single device/technique could do the job,

the above strongly points towards two independent
Instruments.
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(@ AGM: deliverables for CY04

- Engineering feasibility study white paper.

- Investigation of viable techniques based on:

Synchrotron Radiation Wake Fields
 Gated PMT * BPMSs
 APDs  Wall current monitor

e Streak camera

LAPAC - June 17"-18" 2004 Beam Instrumentation - Abort Gap Monitor/Longitudinal Density Monitor - Stefano De Santis




(@ MCP-PMT for the AGM

GATEABLE MICROCHANNEL PLATE
PHOTOMULTIPLIER TUBE (MCP-PMTs)

R5916U-50 SERIES

Gate min. raise time: 1 ns HAMAMATSU

Featuring Fast Gating Function with Improved Time Response

<2.5 ns RF bucket spacing

Gate voltage: 10 V
Low voltage switching required

Gain at —3.4 kV: 10°

H I g h g al n Dimansional Outine [Limit: mmn)

EFFECTIVE =
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< 10 dark counts/sec e smacomecron

High Speed Gating by Low Supply Voltage (+10V)
Gate Rise Time tins?
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Max duty cycle: 1% e T mll

100 ns -> 100 kHz max sampling
rate -> 3 ms to measure entire abort
gap (w/o integration)
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Synchrotron light source for
longitudinal diagnostics

Extraction mirror

40mm

N /
R
proton beam
at mirror
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Mirror

40 mm
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- 5T SC undulator in IR4 (low energy)
- Exit edge of D3 magnet (high energy)

Proton Energy:
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‘® MCP-PMT has the required sensitivity
ko and accuracy

Conservative estimates (1%
QE, 10% BW, etc.) point out
that a MCP-PMT based AGM
can easily detect the required
charge densities at both
Injection and collision energy.

104

The MCP-PMT could map the rest
of the ring at the same time and
measure the unbunched beam.
Unbunched beam at injection TRAVEL ENGTH fram)
generates “radiation flashes” during

the ramp. This should be part of the

protection system as well

100 300 HEO 400 500 &80 O0 B30 300 1000 Vid

FHOTOCATHODE AADIANT SENSTIVITY (Ml
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(@ AGM hardware tests

- An MCP-PMT has been tested at the ALS
(dynamic range, photocatode saturation, noise
properties) and will be tested on the Tevatron
(unbunched beam).

- The MCP-PMT will also be tested as a possible
device for accelerator physics applications (LDM).
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(@ Tests at the ALS

328 RF buckets

276+1 filled |
Bunch spacing 2 ns (2.5 ns)

(2808/35640) | A-:.-' A__TZ.\,,[,&._-./LAJA%-/-\%A.-&..A,A\” 4»‘ r

Bunch width ~50 ps (280-620 ps)

.......................
R A e A M e g e T e e o

~120 ns gap “Camshaft” pulse
(3.3 ps) (no camshaft)
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(@ Experimental setup

SROC ——» Hamamatsu Stanford DG535

Streak Trigger Unit Delay

1.5 MHz ~100 kHz

HP8114A
<
Pulser

10 V Gate

; I MCP Tektronix
HD Synchrotron Light I PMT > | TDS754D

I Hamamatsu C3360
HV

-3 kV

Pinhole, ND filter
(single photon counting)
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.and more recent data

Tek Run: 10. UGS;’S ET Sample F"I'TI'I
T Il
I.| J

No need to average
data, at least at the
ALS.

the ALS will carefully

evaluate the available |

photon flux and
simulate the LHC
parameters, if
possible.
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Future experiments at |
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Some more interesting data
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(@ AGM Summary

MCP-PMT looks promising

- Can be easily switched at the required speed

- S/N ratio seems adequate
- Fast photocatode recovery (~100’s ps)

- Can we simulate the expected LHC photon flux at the ALS
(10> ph/p) ?

- MCP-PMT available in different bands. Which is the most
suitable for LHC ?

- 100 ns integrating circuit ? Numerology of data.

- Future test on the Tevatron (particularly for unbunched
beam)
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Longitudinal Density Monitor

Why not use a MCP-PMT for LDM too ? M

10!
The MCP-PMT could be _—
conceivably used for LDM E .
too. g "
The 50 ps time resolution a o
required, could be achieved =

10

by inverse filtering, due to
the 95 ps FWHM Instrument
Response Function.
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‘@ LDM: laser-mixing technique

- an optical sampling scope -

®1+®, = visible waveleps

Mixed
Synchrotron ppo+ons

>, . hOTonS O]

s
L ase crystal o
& ko &

lo pulse length << bunch length

Too good for the LHC: ~fs resolution !
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Electro-optic modulator

%

Fiberoptic —

PMT

Fiberoptic coupler

Fast pulser
PC

Fiberoptic

Data acquisition board (ADC)

?).

* Highly reliable technology (commonly used
in large bandwith data networks).

» Synchrotron light transmitted on fiber optics
allows for the instrument to be easily placed
away from high-radiation areas (ground level

* Needs an RF pulser capable of generating 50
ps long pulses at 40 MHz repetition rate.

* Coupling of synchrotron light into fiber
optics needs to be investigated.
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+ Covers Cand | bands
+ Gaas technology

APPLICATIONS: + Designed ta Telcorda GR488-CORE

+ SONET OC-T6& and
SOH STM-256 transmissions

+ 40 Ghy/s ransponders

+ High-spesd Internet routers

+ DWD, high-speed Ethernet and TOM applications

+ High-speed test equipment

Standard modulators can he ardered for use with 4V or 5V diive. The

madulator can also be taflored for optimal performance at cther diive levels.

DESCRIPTION:

The 40 Gb/s Polarization Made Converter reprasents 3 ravolutionary
mathad for modulating CW laser bght into data carrying optical pulse
trains. By employing proprietary Gahs technolodgy, the new JGKB modu-

Jator =stablishies new benchmarks for low drive votags, uitra-wids L e e

bandwidth and chirg fres operation in a very small footprint. .,-=”' T N

The innovative and [P protectad design of the JGKE madutasor e il
exphaits the unique material pmpemes ofGansm lder_hwp/ \‘s\

fmemudula{km atdata rates to 43 Ghys. polarization . %

mode converter approach eliminates many Dfﬂ\e intrinsic
limitations of typical designs based on Mach-Zehnderand
Electro-AL architectures, £ y, the JGKE
modulator does not requlreathamo—electnc cooler {TEC)
1o deliver best in class p & over thi 3
mental range specified byTeIcurda GR-468.

it the JGKE modul fstandard

i fabrication processes to reliable supply \--‘ 7

nfcmpomﬂts in volumes that can be easily ramped to meat N i
market demand. . R
This flagship 40 Givs momlamrfmmmmemhlmym g
rates while T
reducing nmrkmﬂ. A srruﬁ fwtprint combined with low
power flexibiliey in buiking 40 Ghys
transpanders in"hlade” ar 200 pin MSA packages.
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6@) Present status of the optical sampling
s technology

- An LBNL private venture, up to
now.

- Though much slower than the
laser-mixing scheme, it is still
adequate for satisfying the LHC
specifications.

- We are presently running bench
tests with a 10 Gb/s modulator.
Test at the ALS are also
planned, devoted mainly to
study the coupling of
synchrotron radiation into an
optical fiber.
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(@ LDM Summary

No LARP financial support

- Great Iinterest from the accelerator physics point
of view.

- Optical sampling technigue makes for a very
flexible instrument.

- Depending on the particular technology used
(laser-mixing, electro-optical modulation, MCP-
PMT) can be adapted to very wide range of
synchrotron rings (damping rings, storage rings,
electron and hadron machines)
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