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Beam Monitoring
•Beam Monitoring is about understanding:

•where the beam is, 
•when it is there
•how much of it is there, and 
•how much of it isn’t there (i.e. loss levels in terms of flux and energy, or radiation 
dose)

•A key aspect of this for high energy hadronic machines is the fact that for losses the flux 
and energy spectra vary greatly with distance from the beamline

•To emphasise the importance of beam monitoring for safety, see next slide 
•In terms of protection, this can be from physical or electronic damage (for experiments), 
or for example quenching of accelerator superconducting magnets
•However, much of beam monitoring about optimising the beam provision 

•I will present beam monitoring from the context of the LHC experiments
•By way of example, I will show implementations and results from the CMS experiment
•Technology-wise for instrumentation: this talk will concentrate on diamond detectors
•Due to time restrictions, I will basically only talk about beam losses
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Stored Energy

3

•A factor 2 in magnetic field

•A factor 7 in beam energy

•A factor 200 in stored energy
360 MJ

Experiments-Machine WS / June 07
 A      B       D      C

Shot Intensity / p+

A 1.2!1012

B 2.4!1012

C 4.8!1012

D 7.2!1012

Damage Potential of 

High Energy Beams
Controlled experiment with 450 GeV beam 

shot into a target (over 5 µs) to 

benchmark simulations:

• Melting point of Copper is reached for an impact of ! 

2.5!1012 p, damage at ! 5!1012 p. 

Large damage potential 

from uncontrolled 

beams means that 

comprehensive 

protection system is 

needed

BCM Systems perform 

this role for the 

experiments

4Tuesday, 17 March 2009

Slide from Jorg Wenninger
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Large Hadron Collider

•A discovery machine for 
new physics 

•7 TeV proton beam collider
•14 TeV centre of mass 
energy design

•27 km long tunnel
•89 us orbit period
•25ns between bunches
•ca. 3500 bunches
•Nominal bunch current of 
10^11 protons

•Collisions provided for 4 
main experiments
•2 general purpose large 
experiments
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Compact Muon Solinoid (CMS Experiment)

•One of the two large general purpose 
experiments
•Situated 120m underground, at the foot 
of the Jura mountains
•15m diameter, 20 long
•15 000 tons

•Cost in region of billion euros
•Motivates protection from beam 
accidents
•Lots of delicate equipment close 
to the beamline ... 
•... in particular sensitive 
electronics
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BPTX: 175m 

RADMON: 18 monitors around UXC 

BCM1

BSC1

BCM2+BSC2

1.8m

10.9m

14.4m

PASSIVES: Everywhere 

BCM1L+F

PLT

Diagram of Location of BRM+PLT Subsystems

3Monday, 24 November 2008

Overview of  the CMS Beam and Radiation 
Monitoring Medipix Neutron Camera:3
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Beam Monitoring
Richard Hall-Wilton (CERN/Wisconsin)

On Behalf of the CMS Beam Conditions and Radiation Monitoring  Group

  Wednesday 10th December 2008
CMS Week - TC Plenary

BCM1

BSC1

BCM2

BSC2

RADMON

Medipix Passives

BPTXx20 x2 x4 x160

1Wednesday, 10 December 2008

... and the reality ... 

TLDsSilicon pixel detectorbutton monitor

plastic scintillator + PMTspolycrystalline CVD diamond (24)single and polycrystalline CVD diamond 
(8+8)

x32

x4

x26

x8 (fast)
x8 (leakage)

RADFET, Pin diode, SRAM
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Subsystem Location Sampling time Function Readout + 

Interface 

Passives

TLD + Alanine

In CMS and 

UXC

Long term Monitoring ---

RADMON 18 monitors 

around CMS

1s Monitoring Standard LHC

BCM2

Diamonds

At rear of HF

z=±14.4m

40 us Protection CMS + 

Standard LHC

BCM1L 

Diamonds

Pixel Volume

z=±1.8m

Sub orbit

~ 5us

Protection CMS + 

Standard LHC

BSC

Scintillator

Front of HF

z=±10.9,14.4 m

(sub-)Bunch 

by bunch

Monitoring CMS 

Standalone

BCM1F

Diamonds

Pixel volume 

z=±1.8m

(sub-)Bunch 

by bunch

Monitoring + 

protection

CMS 

Standalone

BPTX

Beam Pickup 

175m upstream

from IP5

200ps Monitoring CMS 

Standalone

Systems are independent of CMS DAQ, and on LHC UPS power
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Emphasis on detectors 

that are 

relative flux monitors
BRM Subsystem Hardware Summary
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SimulationFluka simulation, PP + background procedure

Steffen Mueller

Geometry:
Fluka CMS geometry based on a model coded by M. Huhtinen (Solenoid field included).
Updated materials and geometry to fit better the as build detector.
Added BRM detectors.

PP-simulations:
Collisions generated with DPMJET III (450GeV & 7TeV)
Full tracking of all particles through CMS

Machine induced background (Beam 2 only):
Beam Halo:

Loss maps simulated with SixTrack for ideal machine
Shower simulated with Mars code in LSS
At 22.6m interface to CMS fluka geometry, full tracking

Beamgas:
interactions with Mars in LSS 22.6m up to 550m

4

Reference: N. Mokhov, T. Weiler: Machine induced 
backgrounds: Their origin and loads on Atlas/CMS

PP-simulations: 
•Collisions generated with 
DPMJET III (450GeV & 7TeV) 
•Full tracking of all particles 
through CMS with FLUKA

•Machine-induced background
•Beam Halo:
•Loss maps simulated with 
SixTrack for ideal machine 
•Shower simulated with Mars 
code outside cavern
•At 22.6m interface to CMS 
FLUKA geometry, full tracking

•Beamgas: 
•interactions with Mars in LSS 
22.6m up to 550m

All simulation results given are scaled to “nominal” luminosity for comparison purposes
(L=10^34 /cm^2/s^1)
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(a) (b)

(c) (d)

Figure 9.6: Fluxes for 7TeV collisions in the CMS cavern.

198

Simulation - pp collisions
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(a) (b)

(c) (d)

Figure 9.7: Fluxes and dose for 7TeV collisions in the CMS cavern.

199

Simulation - pp collisions
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Simulation pp collisions - Energies of Particles

I Particle energy spectra for BRM systems - pp-
collision 450GeV and 7TeV

Detailed particle energy spectra for all diamond-based BRM-systems. Shown are the spec-
tra for 450GeV and 7TeV (per beam) collisions.

(a) (b)

(c) (d)

Figure I.30: Particle energy spectra of BCM1. a) All charged particles, b) All neutral
particles, c) All charged hadrons, d) All neutral hadrons.

285

•Spectra is very flat - all energies of particles over many orders of magnitude
•Very dependent upon the material surrounding the location
•Very important to take the spectra into account when considering losses
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Contributions and origin of background

Steffen Mueller

upstream

downstream

25

Simulation
CMS preliminary 2010

CMS preliminary 2010
Simulation

Contribution and Origin of the Background

•Majority of background is beamgas 
interactions, close to the experimental area

CMS
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Background: 
Simulation and 

Data

•Comparing the 
measurements of background 
to the simulations

•Good qualitative and 
quantitive agreement

•No major surprises

•Background is suppressed 
by 5 orders of magnitude 
compare to pp collisions 
under normal conditions
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Diamond Detectors
•Diamond is a special material:

•thermal conductivity 
•almost perfect insulator
•(partially) radiation hard

•For detector properties, only chemical 
vapour deposition diamond suitable.
•Diamond is an alternative to silicon as 
detector medium
•For beam monitoring, diamond excels in 
locations where there is small space 
available, or adverse environmental 
conditions (magnetic field or cryogenics)
•Possible to make very small detector units 
•No cooling needed

•Have benefitted from the CARAT collaboration and involved in RD42 Collaboration
•“Diamond detector development for LHC”

•Using the large sample of diamonds to define a procedure for evaluation good 
diamonds with the (sole-) supplier. 
•Trying novel material (unpolished diamond in CMS cavern) and alternative supplier
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(a) (b)

Figure 4.9: Diamond package: a) Exploded view of the diamond package. b) Picture of an

opened diamond package, for scale the diamond is 10×10mm2.

(a) (b)

Figure 4.10: Support structure for diamond packages, the so-called “half-wheels”. a) Open:

visible are individual diamond packages, connectors and a BSC scintillator tile. b) Closed:

Ready to be installed.

69
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Beam Conditions Monitors
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Variations in dark current 
with magnetic field

Leakage Current Monitor

•Devices are primary protection for CMS 
against damage from LHC beams

36 such devices 
installed in CMS

10m of cable to 
front end 

electronics

•8 have 100m cable to front-end electronics
•200 pA sensitivity achieved

•100% Reliable
•100% Available

•7 testbeams to check diamonds response
•Also evaluating radiation damage
•As the installed system is the largest in HEP, 
can use to investigate systematic effects
•Dark current variations with magnetic field
•(Paper in Phys. Stat. Solidi.)
•Large dynamic range: pA-mA

•Necessary for beam monitoring
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Protection from Beam Losses: Machine cf Experiment  
LHC Beam Loss Monitors

•Experiment main concern fast losses
•Damage scenario is electronic 
overload
•Experiments have lots of delicate 
equipment close to beamline

Thresholds for ABORTing the beam against time period

Shape set by timescale magnet quench

Disclaimer: plot is indicative, as monitoring is not at the same radius from beam
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•BCM1 - close to the interaction point
•Spikes are readout feature

•BCM2 - entrance/exit of cavern

Local Vacuum Bump, close 
to Experimental Area

•Data demonstrates the necessity 
of local monitoring
•Loss is close enough to BCM2 
location, that it is not clearly seen
•Effect is very clear looking at the 
BCM1 data
•Important for beam monitoring 
to have comprehensive coverage 

•Beam induced local degradation of the vacuum 
close to the CMS experimental cavern
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•Large losses for minutes
•Loss ca. 5nA current equivalent
•Loss was ca. 4.10^6 MIP equiv/s
•2% of long timescale (83s) ABORT level

•Zooming in on the details, can see that small amounts of gas were 
desorbed, before the larger desorbtion
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•Seen in all CMS beam monitoring
•Reaches 25% of ABORT level
•Losses were very large

Small piece of Dust falling through the beam
•Can again see the importance of local 
monitoring
•Time structure of loss is crucial in determining 
cause
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Fast Beam Conditions Monitor (BCM1F)
•MIP-sensitive
•Analogue-optical readout
•Dynamic range of 1-10 MIPs 
in 25ns
•Zero-noise
•Radiation hard
•W. Lohmann et al., “Fast Beam 
Conditions Monitor BCM1F for the CMS 
Experiment”, NIM A614 (2010) 433

Figure 2: The readout scheme of BCM1F. The signal generated in the sensor is amplified
and shaped in a JK16 preamplifier. The analog opto-hybrid drives a laser for analog
signal transmission via a single-mode fibre. The signals are digitized and processed in the
counting room.

re-adjustment of the calibration parameters.
At the back-end of the readout in the counting room signals are digitized

and processed in a PC. Flash ADCs, scalers and multi-hit recording TDCs
allow e.g. to monitor counts as a function of time over an orbit. Test-pulses
are used to check the functionality of the system. Rates, multiplicities, timing
and coincidence information are monitored and stored independently of the
CMS data acquisition.

3. sCVD Sensors

Outstanding properties, such as a very low leakage current with negligi-
ble temperature dependence, a fast signal response and radiation hardness,
make CVD diamond sensors attractive for the locations close to the inter-
action region. In previous experiments polycrystalline diamond sensors have
been successfully used as beam conditions monitors [5, 6] by measuring the
currents created in the sensor by the crossing particles. Integrating over a
certain time limits the time resolution of such devices. In addition, due to
crystal defects the charge collection efficiency of polycrystalline CVD sensors
is below 50% which may result in a signal-to-noise ratio not sufficient for the
detection of MIPs.

Here single crystal CVD diamond sensors are used. They are charac-
terised by nearly 100% charge collection efficiency and allow to count MIPs.

4

Figure 9: Left side: The carbon fibre carrier structure of BCM1 with the four modules
installed. Right side: Each module contains the sCVD sensor carrier (top left) and the
preamplifier with the laser driver (top right), which are combined to a sandwich (middle)
and then connected with cables and optical fibres and protected by an aluminum cage
(bottom).

The linearity of the response of the whole readout chain was investigated
using test-pulses fed in a dedicated preamplifier input. The result is shown
in Figure 8. For both polarities a linear response is found up to test-pulse
amplitudes corresponding to 2.3 MIP equivalents. For test-pulse amplitudes
above this value the readout becomes non-linear and approaches saturation
at about 5 MIPs.

To test the proper functionality in the cooled tracker environment of CMS,
the modules were operated in a climate chamber with five temperature cycles
from −20 to +50 ◦C. Leakage and supply currents as well as the test-pulse
response were measured and found to be in the expected range. The stored
results of these measurements will be compared with measurements of the
same quantities taken during operation of the modules in CMS.

7. Installation in CMS

The components of the modules and the completed modules on the car-
rier structure are shown in Figure 9. The modules contain in addition to the

10
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BCM1F installation into CMS
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Figure 12: Distribution of the difference between arrival times of signals from sensors in
different z-planes but equal azimuthal angles.

sensor, a front-end ASIC and an optical analog signal transmission to scalers,
flash ADCs and TDCs. The system is operated independently from the other
CMS sub-detectors.

System tests of each module in the laboratory show that performance
matches requirements.

Samples of sCVD sensors were exposed to a high intensity proton beam.
They were found to be radiation hard up to fluences expected at the location
of BCM1F for the nominal LHC running.

BCM1F was successfully installed and was operational when LHC was
filled with first beam. Data taken with beam show a similar signal-to-noise
as reached in the laboratory tests. A measurement of the signal arrival times
using a flash ADC indicates a promising single hit timing resolution of about
1.3 ns. This will allow the separation of incoming halo particles correlated
to a certain bunch from interaction products created at the IP.

Different readout-modes and time windows for data capture are pro-
grammable. Data can be written on a local disk and published to the CMS
readout system. Local data preprocessing will deliver the shift-crew a de-
tailed picture on the beam-halo count rates as a function of the time. Data
of several orbits stored in circular memory will allow diagnostics just after a
beam abort.

The BCM1F detector is ready for data taking in the commissioning phase

13

• S/N ranges from 15-28
• Single hit timing resolution 

of 1.3 ns

FAST
LEAKAGE

Width: 1.8ns

12.4ns agrees with 
time of flight

50-500V

Single Crystal
Diamond
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• Performance of BCM1F characterising the different steps of an LHC fill. 

Scalers rates during a fill

6

Increase in 
vacuum pressure

Collision 
products

No beam. 
Possible
de-activation 
from material 
around BCM1F 
(τ = 34 min)

IEEE 2010 Nuclear Science Symposium, Knoxville, TN, USA Performance of CMS BCM1F

Wednesday, 3 November 2010

Fast Beam Conditions Monitor (BCM1F): A Typical LHC Fill 

•Dynamic range > 6 orders of magnitude
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Fast Beam Conditions Monitor (BCM1F): After a LHC Fill 

Possible de-activation around BCM1F
(long time scale)

7

• During a long period 
without beams, a slope 
in the BCM1F rates is 
observed (τ = 40 h).

• Possibly due to de-
activation of the material 
around BCM1F.

IEEE 2010 Nuclear Science Symposium, Knoxville, TN, USA Performance of CMS BCM1F

Wednesday, 3 November 2010

During a long period without beams, a slope in the BCM1F rates is observed (τ = 40 h)
Due to de- activation of the material around BCM1F. Might become a useful tool ... 
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Bunch identification

• The time provided by the TDCs 
with respect to the orbit trigger is 
converted into bunch number 
following the LHC number 
scheme.

• Important to identify ‘bad- 
behaving’ bunches...

10

Train with 8 bunches; 
150 ns bunch spacing

‘Albedo’

IEEE 2010 Nuclear Science Symposium, Knoxville, TN, USA Performance of CMS BCM1F

Wednesday, 3 November 2010

Fast Beam Conditions Monitor (BCM1F): Monitoring the Full 
LHC Orbit 
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• Looking non-colliding bunches 
one can infer different beam 
conditions bunch-by-bunch.

• Here the difference from beam 1 
and beam 2 is possibly due to an 
increase in the vacuum pressure 
on the side where beam 2 enters 
the CMS detector.

Bunch-by-bunch conditions

11

Increase in vacuum pressure

IEEE 2010 Nuclear Science Symposium, Knoxville, TN, USA Performance of CMS BCM1F

Wednesday, 3 November 2010

Fast Beam Conditions Monitor (BCM1F): Vacuum Bump 
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• Collisions produce long tails, of exponential and constant shapes.

• The long exponential component has a ‘lifetime’ of (2.12 ± 0.02) µs.

• Simulation (FLUKA) was performed and show good agreement with the data. Tails 
are mostly populated by electrons and positrons (up to 400 bunch crossing) and by 
neutrons and photons.

Albedo effect

12

CMS preliminary 2010

IEEE 2010 Nuclear Science Symposium, Knoxville, TN, USA Performance of CMS BCM1F

Wednesday, 3 November 2010

Fast Beam Conditions Monitor (BCM1F): “Albedo” Effect 

•Simulation also describes similar data from other detectors in good detail
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Pixel Luminosity Telescope

• Beam monitoring is also about optimising the number of collisions
• Luminosity is the measure of the number of pp collisions
• Measure luminosity by counting tracks from the IP every 25ns

• Online relative luminosity to a precision of 1%
• Use single crystal cvd diamond, bump bonded to pixel chip PSI46
• Tested in numerous test beams - pixel yield and fast-OR >98%
• Planes produced, assembly > 50% complete, ready for installation 

in next long shutdown
• Will be first diamond pixel tracker to be installed in HEP
• Testbeam results published: NIM A (2010)

5-Nov-2009 Detector Assembly and Testing 10

Finished Detector

P
IP

Beam Halo

175 cm

5 cm

4mm

4mm

7.5cm

8 telescopes per “end”

Example tracks
from testbeam

finished detector

ROC

Diamond

Prototype telescope
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Detector Fabrication

Thick Photo-resist Diamond Lithography
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Indium Bump Evaporation
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The cable connections between the 4 HDI’s (only 
one in this picture) and the PortCard is made  
and  put in place inside the Cassette.

The HDI is kept in place with a 
“finger”

6Thursday, 5 November 2009

pixels with pitch of 150 µm × 100 µm matching that of the
PSI46 chip.
The PSI46 chip features individual pixel threshold/mask

settings, full analog readout of the pixel hit address and charge
deposit, as well as a column-multiplicity signal (known as the
Fast-OR), which indicates the number of double columns that
had pixels over threshold in each bunch crossing. The primary
luminosity measurement of the PLT is based on counting
the number of telescopes with three-fold coincidences formed
from the Fast-OR output. Fast-OR signals are read at the full
bunch-crossing rate of the 40 MHz clock, while the full pixel
information, consisting of the row and column addresses and
the pulse heights of all pixels over threshold, is read out at
a lower rate of a few kHz. This full pixel readout provides
tracking information and is a powerful tool for determining
systematic corrections, calibrating pixel efficiencies and mea-
suring the real-time location of the collision point centroid.
The tracking capability and Fast-OR performance of the PLT
have been studied previously [6] [7] and were found to be
satisfactory for the application of the PLT.
The frontend for the full pixel readout is implemented in the

same manner as the CMS pixel detectors are read out, which
includes a Front End Driver (FED) and Front End Controller
(FEC) [2]. However, the Fast-OR information will be read
out using customized FED firmware. This firmware counts
the number of threefold Fast-OR coincidences in each 25 ns
bunch crossing window. Each bunch crossing is referred to
by its position relative to the start of the orbit. The result
is a histogram of bunch number occupancies for each PLT
telescope.
The optical readout electronics consist of Hybrid Boards,

High Density Interconnects (HDI), Port Cards, and Optical
Motherboards. Hybrid boards are responsible for connecting
directly to the PSI46 chip–one hybrid connects to one ROC.
Three hybrid boards connect to one HDI, and four HDIs
connect to one Port Card. The port card is then connected to
the Optical Motherboard, which houses Analog Opto-Hybrids
(AOH) and one Digital Opto-Hybrid (DOH). AOHs turn the
analog voltages into an optical signal which is forwarded to the
FED, and DOHs are responsible for receiving commands from
the FEC and relaying them to the other readout electronics.
Figure 2 shows half of the PLT detector for one side of the
CMS detector as viewed from the center.

IV. BEAM TESTS

In order to test the final PLT components, we have carried
out tests in the 10 GeV/c beam of the CERN PS T9 beamline,
in the 150 GeV/c beam of the CERN SPS H2 beamline, and in
the Fermilab Test Beam Facility (FTBF). The primary goals of
these tests were to check the core functionality of the final PLT
components, to characterize the performance of the customized
FED firmware for luminosity measurement, and to test the
system’s robustness in a magnetic field.
The setup was also used to measure additional information

to characterize the diamond pixel detector for the particle
tracking. For this we performed the Lorentz angle measure-
ment that requires the reconstruction of hit positions from the

Fig. 2. A fully assembled quarter of the PLT detector. It consists of four
three-plane telescopes.

charge deposit pattern in the pixels inside a magnetic field
of varying strength. These measurements utilized the Zurich
Beam Telescope [4]. For both the PS and the SPS tests, the
PLT was set up in the middle of the four X/Y planes of the
Zurich telescope such that two strip planes were upstream of
the PLT and two were downstream. At the FTBF, the Zurich
telescope was not used, and the PLT was placed directly in
the beam.

V. FAST-OR FIRMWARE PERFORMANCE
The Fast-OR FED Firmware was tested at the Fermilab

Meson Test Facility. The goal of this test was to measure the
rate at which the firmware could reliably read out data and
to test the histogramming functionality in the firmware. The
firmware was found to read out data at a rate of up to 500 Hz.
This rate is sufficient for the PLT application, which requires
a rate of ≈ 3 Hz.
The histogram functionality was tested by measuring the

occupancy as a function of the bunch crossing number. The
bunch crossing number is defined as (i mod Nbunches) −∆,
where i is the clock cycle number, Nbunches is the number of
25 ns cycles per orbit (3564), and δ is a phase parameter
to ensure that bunch crossing zero occurs at the start of
an orbit. Since there is no correlation between the Fermilab
beam clock and the PLT’s 40 MHz clock, the per-bunch
crossing occupancy was expected to be uniform in time.
Any non-uniformity would indicate a problem in firmware
implementation. Figure 3 shows a single histogram for an
arbitrary time window, demonstrating the expected uniformity.

VI. MAGNETIC FIELD STABILITY
To test the stability and performance of the PLT readout

electronics when subjected to a magnetic field, a fully assem-
bled cassette connected to a complete optical readout chain
was inserted into a superconducting Helmholtz magnet at the
CERN SPS H2 beam line. This magnet is capable of reaching
fields of ±3 Tesla. Tests were run with different orientations
of the PLT electronics inside of the field.
In order to ensure that commands could be stably sent to

the PLT at any field between 0T and 3T, a continuous gain

Installation PLT in Carriage

8Thursday, 5 November 2009

The design ... 

CMS BCM1-F Subsystem

Vladimir.RYJOV@cern.ch 25
TWEPP- 2008 
Naxos, Greece

Carriage

Carriage already exists (houses BCM1)

slides on rails inside of
the pixel service cylinder

SLAC Seminar 7

Pixel Luminosity Telescope  Mechanics

Fits in 
BCM1 

Carriage

BCM1
PLT

2Friday, September 3, 2010

Installation PLT in Carriage

8Thursday, 5 November 2009

installs into existing beam 
conditions monitor carriage

Pixel Luminosity Telescope

The reality ... 

29måndag den 28 november 2011



Pixel Luminosity Telescope: Spatial Resolution!"#$%&'%()%*%+,-%./0/%

•  12,3%453657895:%
– ;/<%6=5>5:7%
– ?@<%685:7%
– 0/%A2B%

•  ?%C22D7%5E%F2,3%
– )/<%932%=G::8:H%

•  I:4JGK2K%'8%'>=86%>=,4D2=L%6=5M8K2K%F-%>N2%
O:8M2=78>-%5E%PG=84N%
– I:>=8:784%=275JG95:%5E%.%G3%62=%6J,:2%
– #275JG95:%J838>2K%F-%3GJ96J2%74,Q2=8:H%

0R%&8S2J%./0/%T%+,Q%U5JJ8:H7C5=>N%T%'26>23F2=%RL%./0/%

!"#$%&'()$*+,-)&.$%/&0"1,)(*&23''(2435&

!6&7$8(-&!696&"&:,;&#3--$5<).3'%/&"&=(>%(?1('&@A&!696&

•  B()$*+,-)C&D8&E&8%',2F&G&8>-%&&A&DH&E&H%',2F&G&H>-%&
•  B(I+$'(*&%/,%&%/('(&$)&(8,2%-H&9&/$%&$5&%/(&7JK&
•  L52-+*()&0&E&M'NOM'PM-Q&23''(2435&&&&&

R5%'$()C&STT&
UC&!VWXX&Y?&OP"&9Y?Q&

YC&!W@&Y?&OP"&9W!&Y?Q&

R5%'$()C&T!X&
UC&!9WZ&Y?&OP"&6WZ&Y?Q&
YC&6WZ&Y?&&OP"&6WT&Y?Q&

•  [/,'<(&)/,'$5<&$?>'3\()&%/(&'()3-+435&1(H35*&*$<$%,-&'()3-+435&
•  R]2$(52H&<3()&*3.5&)$<5$^2,5%-H&O_6`&*'3>&a3'&>('>(5*$2+-,'&

%',2F)Q&./(5&'(I+$'$5<&!"/$%&2-+)%(')&
b$<$%,-&B()3-+435&
c&C&@XW&X&Y?&
d&C&!TW_&Y?&&&

7('>(5*$2+-,'&K',2F)&

• 8 GeV proton testbeam from May 2010
• Look at the spatial resolution with perpendicular 

incidence
• Digital resolution:

• X: 43 um
• Y: 29 um

• Measured resolution:
• X: 27 um
• Y: 22 um

YX

PLT
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Radiation Environment in the CMS Cavern

21/10/2011 Dorothea Pfeiffer - Medipix neutron camera in CMS  
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Detectors (reachable locations) 

Broken detector directly outside 
of mobile shielding of cavern  

 
Cavern (z=15 m, r = 11.5 m) 
  

UXC S1 (behind shielding)  

•Looking at the radiation environment a little further away 
from the central detector
•Close to sensitive electronics 
•Important to understand the flux within the CMS cavern
•Also important to understand the particle type and energy
•In particular, neutrons are a major cause of radiation 
damage and single event upsets
•Validate simulations throughout the CMS cavern

•There are a couple of Medipix neutron cameras installed
•Dedicated devices prepared by IEAP CTU in Prague
•There is a similar larger installation in ATLAS
•Medpix Neutron Cameras are pixelated silicon devices which 
have several conversion layers applied to have sensitivity to 
different particle types.
•Analysis of deposits in each layer gives information on particle 
type: electron, photons, neutrons, ...

•6LiF and Polyethylene layers to convert thermal (1%) and 
fast neutrons (0.2%)

TABLE I
DEVICE POSITIONS WITH RESPECT TO lHE INTERACTION POINT (Z REPRESENTS
TIlE DISTANCE FROM 1HE INTERACTION POINT ALONG 1HE BEAM R IS

TIlE DISTANCE FROM lHE BEAM AXIS AT POSITION Z)

Device R[mm] Z[mm] Device R[mm] Z[mm]

MPXOI 770 3420 MPX09 1560 15390
MPX02 2430 3420 MPXIO 5200 22880
MPX03 3570 2940 MPXII 16690 4950
MPX04 1295 7120 MPX12 6250 7230
MPX05 2360 7200 MXPI3 2430 -3420
MPX06 3360 7200 MPXI4 770 -3430
MPX07 4590 350 MPX15 200 18740
MPX08 4400 4020

II. ATLAS-MPX NETWORK

A. Description ofthe ATLAS-MPXDevice

The ATLAS-MPX devices are based on the Medipix2
single photon counting chip [3]. Each detector is assembled
with a 300 J.lm thick silicon pixel sensor (matrix of 256 x 256
square pixels with 55 f.lm pitch) which is covered by a mask of
neutron converting materials - 6LiF and polyethylene (PE).
These materials and their overlaps with the aluminum support
foil divide the sensitive area of each device into six different
regions as depicted on Fig. 2a. Region mask (Fig. 2c) for the
evaluation of the different region response is defined
individually for each device on base ofX-ray image (Fig. 2b).

a) b) c) .

Fig. 2. a) Photograph of the Medipix2 detector with mask of neutron
converting materials on the top. b) X-ray image of the six different detection
regions (artificial colors). c) Region mask for data evaluation based on the X-
ray image.

Mask of converter materials on Fig. 2 shows six areas
which are sensitive to different components of the complex
radiation field:

1) 6LiF (approximately 5 mg/cm2 thick 6LiF powder
with binder spray-coated below 50 f.lm thick
aluminum foil): 6Li enables the detection of slow
neutrons by converting them into energetic alpha
particles and tritons.

2) PE (1.3 mm thick polyethylene): Enables the
detection of fast neutron by means of protons
recoiled from the PE.

3) PE+AI (1.3 mm thick polyethylene layer above
100 f.lm thick aluminum support): Recoiled protons
from fast neutron interaction in PE layer loose part of
their energy in the aluminum layer.

4) Al (100 J.lm thick aluminum foil): More energetic
electrons and X-rays are attenuated here.

5) Thick Al (50 J.lm + 100 f.lm thick aluminum foil):
Further electron and X-ray attenuation.

6) Uncovered area (silicon surface of the sensor is
directly visible): Detection of low energy electrons,
X-rays and Gamma rays. Fast neutrons are also
directly detected via their nuclear reactions taking
place in silicon itself in all regions and possibly in
surrounding materials.

The ATLAS-MPX device can detect all charged particles,
including MIPs and heavy ions [4], depositing energy of more
than --5 keVin the pixel sensitive volume with an efficiency
of 100%. The detection efficiencies for X-rays and gamma
rays are reduced by the efficiency of converting them into
detectable charged particles and by geometrical factors. Thus,
the following values are typical:

• X-rays (--10 keY): --80%
• Gamma rays (-- 1 MeV): --0.1%

B. Connection Structure ofthe Network

The USB readout interface [5] and Pixelman software
package [6] with web interface is used to read the data and to
control the measurement. Each device is connected to one of
three control computers according to its position in ATLAS
cavern (see schematics of the network on Fig. 3). All data are
stored locally as well as on the data-storage computer in the
ATLAS computer hall (USA15) from where they can be
visualized on-line over web interface [7].

Fig. 3. Current connection structure of the detector network. For those
devices close to the interaction point, radiation-hard (RR) LVDS I extenders
are used to improve their operational lifetime. Detectors on the cavern wall
are connected by commercial USB extenders (RS).

III. NEUTRON EFFICIENCY CALIBRATION

Detection efficiency for neutrons depends significantly on
the geometry of neutron convertors positioning above the
sensitive silicon area. Therefore, the efficiency calibration was
performed individually for all devices with set of known
neutron sources: thermal neutrons, 252Cf, 241AmBe, 14MeV

I LVDS stands for Low Voltage Differential Signaling logic.
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Particle Identification in 
the CMS Cavern electrons photons

alphas

Source Measurements

Example Frame
in CMS cavern

n

e

photons

e

2010

21/10/2011 Dorothea Pfeiffer - Medipix neutron camera in CMS  

11 

Saturation effects 

CMS cavern 

Acquisition time in 2010 was 60 s (dead time of 0.88 %) 
Although in 2011 acquisition time was reduced to 15 seconds (dead time of 
2.08 %), at luminosity >  1033  cm-2  s-1 the number of identified tracks 
decreases due to particle identification issues, and an even shorter acquisition 
time is required  

Example frame 

Pixels 55 x 55 um 

CMS cavern 

2011

•Main discriminant is shape of the cluster
•Scales with luminosity
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Saturation effects 

CMS cavern 

Acquisition time in 2010 was 60 s (dead time of 0.88 %) 
Although in 2011 acquisition time was reduced to 15 seconds (dead time of 
2.08 %), at luminosity >  1033  cm-2  s-1 the number of identified tracks 
decreases due to particle identification issues, and an even shorter acquisition 
time is required  

Example frame 

Pixels 55 x 55 um 

CMS cavern 
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Ratio measured to simulated within +/- 10 % for all 
particles, as it was in 2010 
Fast neutrons >20 MeV cannot be tagged with present 
algorithms for conversion layers 

21/10/2011 Dorothea Pfeiffer - Medipix neutron camera in CMS  
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Comparison with simulations 

Particle Identification in the CMS Cavern
•Using the spectra predicted from the simulations as input to the efficiency calculations, 
the flux at the edge of the CMS cavern can be measured
•Measurements agree very well with the simulations for all measured particle types
•Confirmation that radiation effects in the CMS experimental cavern are dominated by 
luminosity, not backgrounds
•Checked in 2010 and 2011 Data
•This is a nice validation of the simulations
•A similar device inside the electronics areas gives validation of the cavern shielding
•Other devices (LHC-RADMON, Passives, Proportional Counters) exist to provide other 
validation points
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Summary

•Beam monitoring is very important for experimental protection and optimisation of 
conditions

•Monitoring diagnostics to help reduce beam losses and increase number of 
collisions
•Also in terms of having a validation of the simulated radiation field 

•By example, an overview of how this is done for the CMS experiment at the LHC
•A glimpse of some of the early results on this
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