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• Beam Position Monitors and Head-Tail monitors

• Longitudinal measurements: WCM, LDM

• Transverse beam size measurements: Wire Scanners - Synchrotron Light

• Schottky monitors

• Luminosity monitors

• Fast BLM’s

Bunch by Bunch Measurements @ LHC
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 The front end electronics work by default in bunch by bunch basis. Each BPM in

the machine measures the position of each bunch. The orbits and trajectories are

calculated at the firmware and software level.

All the beam intensity range is covered – Work in parallel to asynchronous mode

B/B Position monitoring

Average over all bunches position for the last 1024 turns

• Average in the Front-end for (225 turns 1-1024) horizontal

and vertical bunch positions (3564 values) along with

statistics (min/max position per plane) at a rate yet to be

determined (nominal 0.1 Hz)

• Data reduction will have to be done above (LSA

concentrator).

• Make N (bunch) x T (turns) measurements

• Limitations from ‘LSA concentrator ‘ 2000 values per 

BPM
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B/B Position monitoring

• Injection oscillations – bunch selection through injection

sequencer via the LSA concentrator

• YASP (injection regions LSS2 B1 and LSS8 B2)

• IQC (injection quality checks)

• Beta-beat measurements (bunch selection through

Verena’s application):

• Turn by Turn data averaged over selected

bunches

• All BPMs

• Coupled bunch instabilities (bunch selection through

Verena’s application):

• Bunch by Bunch and Turn by Turn data

• Few selected BPMs

• In the front end, provide turn by turn data averaged over all bunches and return it as

a new field/property (to be discussed) to be used by YASP/ IQC

• For few selected devices, Installation of dedicated DABs (higher memory 512k) on

the less used VME systems in SR1 (BPME) and possibly SR5 (TOTEM)

Proposed upgrades:

More details on the performances and future plans of

Beam Position Monitors in the following talk by  Eva



Head Tail monitoring

– One oscilloscope per beam

– Sum- and Delta- 'frame-length x number of turns' limited by scope memory, 
e.g.:      100 us x 10 turns, 500 ns x 5000 turns or 2 trains of up to500 ns x 
2500 turns

– Gains needed to adjust for pilot/nominal bunches

Stripline BPM connected to a fast Oscilloscope (3GHz – 10GSa/s)



Head Tail monitoring

Provide intra-train and intra-bunch position oscillation turn by turn



B/B Intensity measurement

• Bunch by bunch measurements provided by two dynamic ranges 

(threshold ≈1×1010 charges/bunch)

• Typical measurement noise floor 107 to 108 charges

• Measured using two Digital Acquisition Board:

• Bunch by bunch measurement resolution: ≈1.5×106 charges on high gain, and 

≈2.2×107 charges on low gain respectively



• B/B FBCT has the same limitations as the FBCT:

• Calibration procedure in HIBW not accurate and not understood

• Residual offset (≈5×108 charges)

• Bunch length dependence

• Issues in IP6 FBCTs

• Strong interference between the FBCTs and sputter ion pumps DC-DC 

converters: degrades measurement performance

• IP6 FBCTs sometimes do not catch data when beam dump triggered: related 

to late triggering of acquisition, cable installation on-going to get hardware 

triggering

B/B Intensity measurement

More details on 2011 plans during the

lumi days in Jannuary

• Tools and Logging

• Bunch intensities are averaged over 1 second and logged every minutes 

(vector with 3564 slots)

• Fixed display available



B/B Longitudinal measurement

Wall Current Monitor used for the Beam Quality Monitor 

• ADC 8GSa/s 10bits – 100ms – single acquisition every 5s (800000points)

• Precise trigger from the RF

• Post processing – FWHM bunch length – Bucket number (Analysis based on an 

algorithm developed first on SPS)

• Logging  - filled bucket, bunch length & peak amplitude, statistic,..
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B/B Longitudinal measurement

Beam Quality Monitor  - Fixed display 

• Use for daily operation for 2010 for online bunch length measurement

• Use or IQC for bunch filling pattern verification from injection sequencer

• Use for feedback during longitudinal blow-up



B/B Longitudinal measurement

Beam Quality Monitor 
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BQM

CMS

ATLAS

Upgrades for 2011

• Multiple acquisition : looking for longitudinal oscillations and stability

• Limitations to be investigated: how fast and how many turn 

Bunch shortening during ramp

Lengthening in stable beams

Observation on Cavity tripping 



B/B Longitudinal measurement

Wall Current Monitor in BI

• Direct measurement on a 3GHz – 10GSa/s 

• Slow 0.1 Hz acquisition but all bunches and satellites
– Increase dynamic range (few per mil) - 300 turns for each beam every 10s

Various beam parameter estimates:

– Number of bunches & satellites

– Bunch and satellite intensity estimates

– Bunch length and shape estimates: Cos²-, Parabolic-, Gaussian-distribution 

– Bunch power-bandwidth containing 50/95/99% of bunch power/intensity

– Bunch peak voltage, Luminous intensity in the IP, ...

– parameters are stored on a bunch-by-bunch basis and logged at 0.1Hz
•statistics of each parameter per beam for quick analysis in LDB:

–e.g. '_MEAN', '_MAX', '_MIN', '_STDEV', '_MEDIAN' (?)

–Example: 'BUNCH_INTENSITY_MEAN', etc....



Maximum frequency that contains 50%, 95% and 99% of bunch-spectral power (↔ bunch 
intensity)

Illustrates also the difference between a Gaussian- and real-life bunch shape
subtle information such as <1% variations in the bunch intensity is stored up to a few GHz

B/B Longitudinal measurement



B/B Longitudinal measurement

Geiger-mode 

Avalanche photodiode 

converts photon to 

electrical pulse

Time to Digital 

converter records 

pulse arrival time

cPCI computer makes 

histogram and corrects for APD 

dead-time and afterpulsing

Synchrotron light 

from undulator 

and dipole



• The LDM is requested to produce a longitudinal profile of the entire ring with 

50ps resolution.

• A very large dynamic range should make it possible to see ghost bunches as 

small as 5e5 protons / 50ps with long integration.

Specifications:

• The LDM is installed on beam 2 and operates on demand.

Current status:

Longitudinal Density Monitor (LDM)



• The whole ring is sampled with a 50ps resolution

• Dynamic range can be 2000 but needs long (>10mn) integration time. (Limited 

by after pulsing)

• Average bunch length could be determined much faster (specification: 10ms) by 

combining bunch data. This would be a software fix so can run in parallel with 

the slower full-ring profile.

Longitudinal Density Monitor (LDM)

Outlook:

• Work on an optimized algorithm to compensate for after pulsing

• A similar system will be installed on beam 1 during the shutdown.

• Both beams are to be integrated into FESA and logged.

• An optically gated detector is under development which will increase the 

dynamic range of the system.

Performance :



Wire-scanners

PM

Pre-amplifier + Acq modes switch

Filter box

Scintillator

Bunch-by-Bunch hardware

• Tunnel switch between acquisition modes
(Turn-by-Turn / Bunch-by-Bunch)
No parallel acquisitions

• Common material for the 2 modes: 
Scanners/Scintillator/Filter box/PM

• Specific B-by-B (tunnel): 
Pre-amplifier (THS3001)
Cable CK50 (~100m)
Total bandwidth > 200MHz 

• Specific B-by-B (US45): 
IBMS+DAB integrator card
Firmware from FBCT

• Uses the Beam Synchronous Timing (BST)

B/B size measurement with Wire Scanners



Turn (left) and bunch by bunch (right) acquisition of the same beam 

Preliminary comparison between the Turn and 40MHz 

acquisition measurements within 10% emittance

B/B size measurement with Wire Scanners



• Maximum number of bunches per acquisition (75) 

limited by the front-end memory & firmware. 

(close to specifications: PS Batch)

• During the present run attenuation was not enough 

for profile measurement of nominal bunches (1 or 

2 slot delay to avoid saturation). 

• 50 ns spaced bunch pattern measurements 

have crosstalk. 

• Application updated to use 40MHz acq.

• BunchxBunch selection modified

• Easy access to acq type requested (instead of 

acq delay)

• G. Crockford follows issues and requests

Operational issues and performances in 2010 Improvement foreseen for 2011

• Not an issue ? Intensity threshold interlock !

• Reduction of signal amplitude by lowering pre-amp 

gain (Christmas break)

Check relation between pre-amp gain and crosstalk

• Systematic comparison between acquisition modes 

& reproducibility with beam

• Implementation/validation Photo-Multiplier 

saturation detection as for the PSB

B/B size measurement with Wire Scanners



B/B size measurement with Sync Light

• The intensified CCD camera used for continuous 

beam size observation can be gated down to 25ns

• Data logged at 1Hz

• Choose the operation mode: ‘Gated’ or not

• Slot scans available from BI experts

Current status:

Each point corresponds to an averaging over few seconds



B/B size measurement with Sync Light

Outlook for 2011:

• Install two fast cameras providing turn by turn and bunch by bunch measurement: 

Will speed up the scanning time

• Both beams are to be integrated into FESA and logged.

• OP application with slot scan ?

• Reliable measurement for relative bunch by bunch  beam size fluctuations

• Relatively long scanning time : tens of minutes

• Limitation in light intensity:

• Protons are fine: Pilot bunch can be seen at injection energy

• No chance to see ions bunch at injection energy with the present hardware

• At top energy – everything is fine

Performance :

More details on the performances and future plans of 

Synchrotron light monitor in the next talk by Federico



4.8 GHz Slotted Waveguide Structure

60 x 60 mm aperture x 1.5 meters long

Gated, triple down-mixing scheme to baseband

Successive filtering from bandwidth of 100MHz to 11kHz

Capable of Bunch by Bunch Measurement

100 MHz 24 MHz 11 kHz

11 x 400MHz

GateHybrid

21.4MHz

500 MHz 22 MHz

379MHz

BBQ
Acquisition
Electronics

400MHz 21 MHz 0-22 kHz4.8GHz

Schottky Monitoring



Single Bunch Spectrum B1 H and B1V : Prontons vs Ions Single Bunch Spectrum B2 H and V : Prontons vs Ions

Revolution frequency in LHC

Schottky bands

Comparison of Ions and Protons Bunch to Bunch Spectra

with stable beam

Schottky Monitoring



• Status in 2010
– Schottky made operational towards the end of the year

– GUI & calculation daemon provided by FNAL

– Now logging tune, chroma, emittance & dp/p
• Consistency of emittance & dp/p still to be verified

– Proton signals not useable during ramp
• Longitudinal blow-up wreaks havoc!

– Ion signals text book beautiful!

• Plans for 2011
– Incorporate automatic bunch cycling on selected 

bunches in GUI (currently via expert program)

– Add electronic pick-up centring to try and reduce 
coherent signal levels

Schottky Monitoring



• The BRAN detectors monitor the collision rates around the luminous IPs

• There where 3 different BRAN systems in 2010

•BRANA – ionization chamber from LBNL, IP1, IP5

•BRANB – CdTe  CERN/CEA-LETI, IP2, IP8

•BRANP – plastic scintillator, IP1, IP5

•All have bunch by bunch capability - Logging at 0.1Hz

•FESA class fully implemented, just need a few touch-ups

B/B Luminosity Monitoring



BRAN - pile-up
• All detectors work in counting mode

• For BRANB and BRANP this is the only available mode

• The bunch luminosity already relatively high -> pile-up 

• Need to introduce a correction next year. Have to tune the algorithm first

• Absolute calibration not yet reliable

• BRANA has a pulse height mode for the high multiplicity, but it is not working yet, may 

be limited to lumi > 1033

B/B Luminosity Monitoring
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BRAN - acquisition

• Total luminosity published and logged at 1Hz – B/B luminosity at 0.1 Hz

• Fixed displays - Several expert/guru applications available

• Average and bunch by bunch luminosities work in parallel all the time

• Some leakage in neighbour slots, 25ns filling would lead to errors in the b/b values otherwise 

it should be ok

• Only change for 2011 is pile-up correction and better calibration

B/B Luminosity Monitoring

BRAN - HW issues

• BRANP is not radiation hard and will have to be removed before next run as remote 

handling is not possible with the present detectors

• In collaboration with LHC-f a new rad-hard scintillator will be tested on one side of 

IP1, details still to be worked out

• In 2011 will have to rely only on the BRANA system, which is not well suited for very 

low luminosities (<10^30)

• Due to interference with ALICE ZDC the BRANB in IP2 can not be used with ions



Post Mortem Trigger Beam Loss Acquisition, LHCB UFO Event

Scale: 100 mV/ 200 nsScale: 200 mV/ 1 ms

B/B Beam Loss Monitoring

• Diamond detector as fast response BLM (Point 7)

• Minimum loss pulse width 5ns

• Memory length present 10 ms, 2E6 values



• Plans for 2011 : 4 detectors in total

- x1 in point 2 & 8 for injection snapshot measurement triggered by injection sequencer

- x2 in point 7 for UFO observation triggered by PM

B/B Beam Loss Monitoring



Conclusions

•11 Instruments can provide B/B measurements

• 9 of them can do it in parallel to normal continuous beam observation  

(limitation on beam size monitoring at the moment)

• 2 Gated measurements (Schottky and BSRT), 2 devices operating in 

counting mode (Lumi and LDM)

The others can do full ring/train measurements

• Most of the systems are still under commissioning and many improvements 

can be foreseen done

• Only half of the monitors have operational applications for the moment !

• Is this covering all needs ?
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B/B Position monitoring



ASYNCHRONOUS ACQUISITION - FIFO MODE : ...to store up to 32768 

bunches.

SYNCHRONOUS CAPTURE ACQUISITION

turn-by-turn for selected slots (bunches). The maximum number of 

acquisitions is limited to 128K.

SYNCHRONOUS ORBIT ACQUISITION 

The orbit process includes the 'Bunch Sum' mode: accumulation of the 

valid data for each slots for a selected number of consecutive T turns 

(1...1023).

INTERLOCK ACQUISITION

The Interlock process consists of a bunch-by-bunch and turn-by-turn 

acquisition of Horizontal and Vertical data, and an algorithm to decide 

whether to trigger the dump signal when the measurement data are 

outside the configurable parameters.

By JJS

B/B Position monitoring



Bunch-bunchBunch-bunch

SummingSumming

SummingSumming

Bunch-bunchBunch-bunch

FBCT - Fesa



B/B Longitudinal measurement

Cross-calibration with FastBCT

Estimate of un-capurted 
beam/satellite intensity

Pb with the scope to be replaced or repared during shutdown

WCM  @ LHC



B/B Longitudinal measurement

Non-Gaussian bunch 
length estimates

power-bandwidths – estimate 
of bunch-shape changes

WCM  @ LHC



• Schottky is very sensitive: many factors can strongly influence 
the observations and hence the measured beam parameters 
as injection, ramping, dumping...

LHC OP days – 7th of December 2010 – Evian

Bunch per Bunch Spectra of Protons Beam during dumping
Single Bunch Spectrum B1 H : Prontons Single Bunch Spectrum B2 H : Prontons

Correlation between 

horizontal and vertical 

Schottky bands

Schottky Monitoring



BRAN - Pile-up effect
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BRANA : Threshold high low counting / Pile up effect inverse / 

Correction to be implemented (Algorithm to be finalized - DSC 

limited already – virtual server ? New cpu/man)

B/B Luminosity Monitoring


