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Summary:
 Absolute Luminosity Measurements with GL/L < 2% is the task of the LHC
experiments.

 Absolute Luminosity Measurements with GL/L ~ 5% for luminosities above 1030

cm-2s-1 via a machine L-monitor and occasional cross calibrations to the LHC
experiments is the task of the machine community.

 Requirements for the Luminosity Monitor:

1) Available in all 4 IPs.

2) Sensitivity of Luminosity reading to variations of IP position (x*,y* < 1mm)
and angle at IP (x*',y*' < 10 Prad ?) has to be lower than 1%.

3) The dynamic range with "reasonable" acquisition times for 1% precision has
to cover 1028 cm-2s-1 to 1034 cm-2s-1.

4) In order to see structure along the batches, a minimum bandwidth of 132 kHz
is required. For the lower 2 decades of the dynamic range the bandwidth can
be much lower since the machine will operate using only 36 bunches.

 Concerning the two (three) presented proposals:

1) The SEM monitor will be difficult to make operational in the requested
dynamic range of 106. It is of no interest to the machine due to the severe
bandwidth limitation (~ 1kHz). The technological alternative of cold silicon
counters should be tried instead and studied rather rapidly.

2) The proposal of a scintillator hodoscope needs much more study. However, if
the studies on cold silicon counters prove to be promising, then the scintillator
proposal should not be followed up.

3) The LBL proposal with the comments below is supported by CERN and in
particular by the SL beam instrumentation group. This means that the
requested studies should be carried out, with beam tests performed over the
next two years.

 Items to be reviewed on the LBL proposal:

1) Simulations should be performed to investigate the collimation effect of D1 on
the TAS and TAN detectors when the position of the IP changes.

2) The position of the TAN should be reviewed with the aim of moving it 5m
closer to IP. This would allow for the optimisation of the light path of
Synchrotron Light Monitor.



3) Space should be reserved for instrumenting the TAS. The final decision of
whether to go ahead will be taken in 2002. It should be noted that only by
instrumenting both the TAN and TAS would it become possible to measure
the absolute position of the IP.

4) The front-end electronics and acquisition system should be reviewed, taking
into account the following points:

x The detector should be made independent of external machine timing.

x The requirement of a large dynamic range is more important than a high
bandwidth. The possibility of using a lower bandwidth for the lower 2
decades of the dynamic range should be investigated, since the machine
will operate at such luminosities using only 36 bunches.

x The running scenario for the detector is up to 20 years without access in a
highly radioactive zone. Any mechanical design, which weakens the
detector, has to be avoided. Hence if operation at 40MHz is pursued then
the subsequent design of the detector should not compromise its reliability.

The situation will be reviewed in spring 2002. By this time it is expected that the LBL
group will have completed its prototype testing of the TAN monitor. At the same time
the scintillator or cold silicon detector proposal will also be reviewed, allowing a final
decision on the LHC luminosity monitor to be made.



Introduction

Hermann Schmickler (SL/BI)



Workshop on Tools for LHC Luminosity Optimisation
CERN 15/16 April 1999, H. Schmickler CERN

Aims of the Workshop:

� Specify requirements for Luminosity Tuning Tools

� Review "existing" beam instruments and their potential

� Specify requirements for a luminosity monitor

� Like: aperture, placement, time resolution, number of IPs …

� Discussion of LBL proposal for TAS and TAN instrumentation

� Why a presentation of TOTEM in this context?

� an integral part of the TOTEM experiment is a L-monitor

� can it do the above job?

� Presentation of alternative (cryogenic) technology



Absolute Luminosity Calibration
(TOTEM)

Werner Kienzle (EP/DI)

See LHC Technical Proposal
CERN/LHCC 99-7
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Outline

• Acceptable luminosity degradation

• Luminosity formula and variations

• Sensitivity to beam offset

• Beam-beam considerations

• Measuring beam motion at IP

This being a quick first order view of the subject.

JBJ, LHC Luminosity mini workshop, CERN, 15 April 1999 page 2
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Acceptable luminosity degradation

• We must justify a investment of 2 billion SF

• Get and keep nominal luminosity

L
Lo

> 0.98 (1)

(forgetting the decay with time)

JBJ, LHC Luminosity mini workshop, CERN, 15 April 1999 page 3
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Luminosity of two identical round gaussian beams

Lo = kbfrNb1Nb2
1

4πσ4

∫ ∞

−∞

∫ ∞

−∞
e
− x2

2σ2 − y2

2σ2 (2)

which integrates to

Lo =
kbfrNb1Nb2

4πσ2
=

kbfrNb1Nb2

4πεβ
(3)

with

• kb the number of bunches

• fr the revolution frequency

• Nb the nb of protons/bunch

• σ the beam size at the crossing point (IP)

• ε,β the emittance and the beta function at the IP

JBJ, LHC Luminosity mini workshop, CERN, 15 April 1999 page 4
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Intensity variations

• Bad for integrated luminosity => keep δNb
Nb

< 2%

• Affects beam-beam tune shift

ξhead−on =
Nbro

4πεn
ξlong−range =

Nbro

2π

β(s)

γd2
(4)

• ξlong−range dominant

• 10% variations ofNb acceptable beam-beam-wise

• Opposite IP1/IP5 ensures equal luminosity (Ni/Nj collide together at both

locations)

JBJ, LHC Luminosity mini workshop, CERN, 15 April 1999 page 5
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Emittance variations vs. luminosity

For small beam size differences

L ∼ 1√
σx1σx2σy1σy2

(5)

As most likelyσx1,2 = σy1,2 (residual coupling), we can write

L ∼ 1

(ε1ε2)1/4
(6)

Therefore

| LLo
| < 2% <=>

δε1,2

ε
< 4% one beam (7)

| LLo
| < 2% <=>

δε1,2

ε
< 2% both beams (8)

Beam-Beam:

Only ξhead−on depends onε, so δε
ε

∼ 10% would be acceptable

JBJ, LHC Luminosity mini workshop, CERN, 15 April 1999 page 6
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Luminosity loss with beam offset at IP

Apply a radial relative radial offsetδr: in Eq. (2)

x2 + y2− > (x − δr)2 + y2

L(δr)

Lo
=

1

πσ4

∫ ∞

−∞

∫ ∞

−∞
e
− 1

σ2 (x2+y2−xδr+δ2
r/2)

(9)

no primitive, integrate numerically

JBJ, LHC Luminosity mini workshop, CERN, 15 April 1999 page 7
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Luminosity loss with beam offset at IP, continued

1D displacement relative to average orbit∆x,y = δr/2
√

2

With β = 0.5 m in collisionσ = 16 µm.

Then from the figure

L(δr)

Lo
= 2% <=> δr = 0.28σ <=> δx,y ≤ 0.1σ = 1.6µm (10)

L(δr)

Lo
= 5% <=> δr = 0.45σ <=> δx,y ≤ 0.1σ = 2.6µm (11)

The orbit default at the IP must be controlled to∼ 1µm

JBJ, LHC Luminosity mini workshop, CERN, 15 April 1999 page 9
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Beam offset and resonance excitation

• Whatever working point is used, the tune area will be crossed by 13th order

resonances

• With head-on beams, this resonance is not excited ( and marginally with large

separations )

• Observed at the SPS collider with slight separation at IP

• It is wise to control the separation below≈ 0.3σ

JBJ, LHC Luminosity mini workshop, CERN, 15 April 1999 page 10
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Coherent bunch oscillations

This would induce luminosity losses, but in the abscence of damping would also kill the

beam sooner or later (J.Gareyte). Therefore

• Either beam-beam does enough damping or

• The feedback must be used at high energy too

• => Not linked to luminosity or to luminosity controlled feed-back

• Therefore, no need of bunch by bunch luminosity measurement for this case

JBJ, LHC Luminosity mini workshop, CERN, 15 April 1999 page 11
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Intermediate Summary

A specification might be:

Control and measure

• Nb to ∼ 2% – Fast BCT’s ?

• εn to ∼ 2% – ?

• δx,y at IP to∼ 1 µm – Local measurements

JBJ, LHC Luminosity mini workshop, CERN, 15 April 1999 page 12
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Measuring the beam position at the IP

• Needδx,y ≈ 1µm, but alsoδ′x,y =
δx,y

β
= 10−6

0.5
≈ 2µrad

• ∆xmax = δx

√
βmax
βip

= 10 ×
√

s 4700
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Measuring the beam position at the IP - continued

• Most likely experiment might deliver the beam position every second to the

requested relative precision of 1 micron

• If not, instrument the TAS?

• But of course, we shall first collide

• ’during the first days’, can we envisage to have a movable screen, next to the TAS?

It would be used with pilot bunches or batches of adjusted intensity (see also next

slide).

JBJ, LHC Luminosity mini workshop, CERN, 15 April 1999 page 14
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Measuring the beam angle at the IP - continued

• Use a detector in the TAN, located at 150m away from the IP

• Need a spatial resolutionσT AN = lT ANδx′
IP = 1.5 · 105 × 2 · 10−6 ≈ 0.3 mm

• The shower of the neutral spot in the TAN has a width of 10-20 mm

• With width fluctuations ofσshower ∼ 10 mm , integratingnev = 106, we get

centroid fluctuations

σ(x, y) ≈ σshower

n
1/2
ev

≈ 0.01mm (12)

• Therefore limited by the segmentation of the detector

• With segments of 3mm the resolution shall be 0.3mm – DOABLE

• This detector could be used when using screens too

JBJ, LHC Luminosity mini workshop, CERN, 15 April 1999 page 15
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Measuring the beam at the IP - continued

• The neutrals fly straight

• No disturbance because of triplet defaults

• BPM’s in the triplet might be biased by radiation (aging, electrostatic) and by

multipacting

• Knowing the beam position and angle might even help to understand the alignment

( and therefore the aperture ) of the triplet

JBJ, LHC Luminosity mini workshop, CERN, 15 April 1999 page 16
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Summary

• The luminosity shall be measured/controlled to 1-2%

• The most critical parameter is the IP beam positions (x,x’,y,y’)

needδx = δy ≈ 1 µm andδx′ = δy′ ≈ 2 µrad

• We propose to use a detector in the TAN to measure (x’,y’)

• We shall ask the experiments to provide x and y

• We see at present no need for luminosity measurement at the bunch level

An exception might the understanding of PACMAN bunches - this would require a

time resolution of∼ 10 bunches or 250 ns.

JBJ, LHC Luminosity mini workshop, CERN, 15 April 1999 page 17



Experience from the ISR
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Experience from PETRA, LEP
and the SPS

Rüdiger Schmidt (LHC/ICP)



R.Schmidt lumimon meeting 15-4-99

Luminosity monitors for PETRA, SPS and LEP
…….a walk back in history

Rüdiger Schmidt, lumimon meeting 26 April 1999

� Some Requirements
� PETRA
� SPS
� LEP
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Requirements

� Measure the relative luminosity integrated over all bunch collisions
with an error of less than, say, 1%  in one second
• for optimising luminosity similar to the LEP luminosity scanning

� Acceptance and sensitivity of the monitors must be independent of the
beam positions and beam angles at the IP over the whole range of
possible displacements (citation UA1 Note 59, P.Gutierrez, A.Kernan)

� The acceptance and sensitivity of the monitors must be independent
of the beam sizes and beam divergence at the IP

� A drastic change in the background should not change the counting
rate in the monitors

� Measure the relative luminosity of individual bunch pairs with an error
of less than, say, 1% in 50 seconds (matches error of above)
• the measurement of individual bunch luminosity would allow simple

interpretation of results (see beam-beam workshop)

• such a measurement would be useful, also if it is much slower

• would it be sufficient to integrate over 10 bunches?



R.Schmidt lumimon meeting 15-4-99

PETRA

� Problem for e+e- colliders: event rate very low, for optimisation a high
rate is required
• Bhabha scattering in the order of some 10 Hz (at small angle, some mrad)

• wide angle events in the order of 1 Hz

� Single Bremsstrahlung rate of some 100 kHz: lets use it
• in 1/gamma cone with respect to beam axis

• was measured using the Polarisation monitor

• Problem A: very sensitive to beam parameters at IP (angle, divergence,
and position)

• Problem B: very sensitive to background from long straight section,
changes in vacuum pressure, scraping of tails, ...

• …turned out to be useless for any luminosity optimisation
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SPS proton antiproton collider

� Both beams were separated along most of the circumference with
electrostatic separators, therefore the luminosity had to be optimised
• without optimising, the beams would not meet

� Luminosity monitors built by E.Rossa and G.von Holtey, later taken
over by UA1 and UA2 (see slides)
• fast, efficient and simple, outside vacuum chamber, between 23 mrad and

40 mrad (about)

� To measure luminosity at IP without detector, a “quick and dirty”
detector was build and used to optimise the beam crossing in collision
point without experiment (see slides)

� Such type of monitors, positioned correctly, are likely to fulfil the
requirements for LHC luminosity monitoring
• not too high rate in order not to damage them

• high enough rate to get fast measurement (100 kHz - 1 MHz)

• fast photomultipliers, or other light detectors
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LEP small angle Bhabha detectors

� In order to have a sufficient rate for luminosity optimisation, a silicon strip
calorimeter was developed and inserted inside collimators, and were
positioned close to the beam (30 mm)

� The rate of Bhabha scattered particles was in the order of 40-80 Hz
� The background rate was in the order of up to some kHz after other collimators

were driven close to the beam to minimise background
� Coincidences between 2 Monitors, right and left from the IP, were measured
� By subtracting the accidental coincidences the luminosity could be measured
� The detector was not 100% available, but the monitors of the LEP experiments

could always used as back-up
� The spatial resolution of the detector was not used (until 1996)

• the detector and the electronics could have been therefore much simpler

• to keep the detector operating required at least one person full time

� This was the only way to get a high counting rate
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Conclusion

� Comparing those three - my preferred monitor was the SPS luminosity monitor
• fast luminosity detector at SPS was much simpler to build

• worked very reliably, very little follow up from machine people

• conceptually simple

• matched requirements formulated previously

� Luminosity measurement at PETRA and LEP much more difficult
• LEP: mainly due to complicated device and high background

• PETRA: very sensitive to beam manipulations, for operation SPS like counters were
used (H.C.Dehne)

� LHC: acceptance of monitors does not to be very high - counting rate of
100 kHz -1 MHz for maximum luminosity sufficient (less problems with radiation
dose)

� Calibration between IP’s possible since beam overlap can be measured in both
planes (monitor constant can be established)

� Measurement of absolute luminosity is a task for the LHC experiments
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Very fast luminosity monitor?    …..why yes

� Main task of any luminosity monitor is to measure the integrated luminosity, in order to
allow for an optimisation of the beam overlap - possibly the luminosity monitor
response should be independent of beam parameters over the whole range of
possible values

� Most arguments from yesterday and this morning (beam-beam workshop)
� The question is: do we need / prefer to measure the luminosity...

• for each bunch

• for sets of, say, 10 bunches (fast luminosity measurement, possibly any number in between)

� Into luminosity equation enter:   Np1, Np2, σ xp1 , σ xp2 , σ yp1 , σ yp1 , δx , δy , αcrossing

� Every bunch in the LHC is different - and bunches can be rather different from their
direct neighbours (see J.Jowetts slide on bunch classes)

• δx , δy  in the order of 0.1-0.2 σ
• in particular, δx and δy can be different  for adjacent bunches, to calculate offsets is not trivial,

but being developed (beam beam simulations) - does it matter? Not clear..

• should be measured for individual bunches, in order to understand LHC accelerator physics.
Such offsets could excite resonances, but it is likely that other effects will dominate.

• measurement of offsets nontrivial (should be done with a resolution of 1-2 µm). To achieve
such precision with BPMs some distance left and right, and then interpolate - not easy
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…..why yes

� Van der Meer type of scan in x and y direction gives:
• relative luminosity

• δx

• δy

• overlap integral in x direction (can be calculated sigma for both bunches known)

• overlap integral in y direction (can be calculated sigma for both bunches known)

� If bunch positions, currents, sizes are measured, the relative luminosity can
be used a an independent consistency check (remember of the time spend at
LEP for cross-calibrations of emittance measurement devices)

� My opinion: such “very fast” luminosity measurement is very desirable
• We do not need to perform such very fast luminosity measurement in a short time

(1 min or longer is sufficient)

� The very fast luminosity monitor should not replace the capability of
other instruments to measure bunch-by-bunch

� It will take some time that all other instruments will be commissioned in order
to give all information required (comment by J.Gareyte, 11:56 today)

� Finally: interest in measuring beam losses at collimators for individual
bunches (a very few fast beam loss monitors)



Experience from PEP-II

Witold Kozanecki (CEA-Saclay)





























LHC Instruments

Claude Bovet (SL/BI)
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Beam Size Measurements





















The proposed SEM Luminosity
Monitor

Sylvain Weisz (EST/LEA)



S.Weisz-15/04/99

Luminosity Monitors at LHC.

1)  Absolute measurement of Luminosity:

�� TOTEM (and ATLAS):
Simultaneous measurement of elastic and inelastic rates + Optical theorem
 ÎÎ Absolute VVtot (ÙÙ Luminosity) with 1-2% precision (at L ~ 1028 cm-2s-1).
 ÎÎ Calibration of a dedicated Luminosity counter.

�� Need for a monitor that covers 6 orders of magnitude:
          Propose to use a Secondary Emission Counter.
           ÎÎ Very simple and robust
           ÎÎ Radiation hard
           ÎÎ Lots of experience at CERN

R ~ 125mm

Luminosity monitor
Cu absorber (IP1-5)

r ~ 25mm

~ 19 metres

IP
Al foil





�� Specifications.

KK �� >a��a�@>a��a�@ ÎÎ a �a � charged tracks/inelastic events.

L = 1028         ÎÎ   ~ 104 charged tracks/second.

L = 1034         ÎÎ   ~ 1010 charged/s and dd 108 charged/cm2 at the inner edge.
                                                    ÎÎ  dd 1015 charged/cm2 after a year.
                                                          (ageing effects starts at ~ 1017 charged/cm2)

Signal: efficiency (~7%) uu Nb. foils (15?) = 1

 L = 1034        ÎÎ   Q ~ 1.6 uu 10-9  Coulomb/s

 L = 1028        ÎÎ   Q ~ 1.6 uu 10-15 Coulomb/s (Challenging!)

�� Possibility to switch to an ionisation chamber:
            Fill the SEC with Argon

                                     ÎÎ Gain ~ 5uu102 on the signal.

                                     ÎÎ Become much more sensitive to background.
                                            Ex: Low energy/highly ionising particles at large angle
                                                  from activation of the surrounding material.



1)  Relative measurement of Luminosity: Monitoring of Collision conditions.

�� Detector reading is fast:
              Existing SEC electronic can cycle at a few kHz.
              (Precision increases with signal strength)

                        ÎÎ Continuous measurement of beam-beam separation
                             and possibility of feedback systems.

              �� Monitors can be installed in all 4 experimental areas:
                            Un-calibrated detector: Optimisation and control of the beam crossings.

                            Calibrated detector:      Control of the absolute Luminosity.







3)  Development of a high sensitivity Secondary Emission Counter ( J. Bosser, G. Molinari and A.L. Perrot).

�� Modify SEC used on PS extracted beam:
               10 PPm Al (99% purity) foils, 5 mm spacing, 120 mm in ��,
               IVC 102 amplifier (Burr Brown) + AD 650 voltage to frequency converter (Analog Device).

�� Install shielding cylinder to act as a Faraday cup and tri-axial cabling:
               reduces background noise from pick-up and mass loops.

               ÎÎ Sensitivity limited by leakage current between Al foils: I~10-13 A.

�� Fill chamber with Argon to run in ionisation mode:
               first beam tests occurred in 98: study luminosity and voltage curve.

�� 2 SPS “high intensity” shifts and 4uu2 days periods at the PS (T11, <5 105 pps) expected in 99
   + new prototype with increased isolation between foils.





Summary

Luminosity range Collision Points Reading Frequency Bunch to bunch Luminosity
1028 to tt 1034 cm-2s-1 IR5 (&1-2-8)  KHz range No

                   ÎÎ Provides absolute luminosity to experiments once calibrated with TOTEM.

                   ÎÎ Stand alone detector able to run at any time.

                   ÎÎ Available to monitor the beam crossing conditions and to optimise the luminosity.



Scintillator counters to monitor beam crossing conditions.

Ionisation or SEC chambers are non directional, cannot be gated or used in coincidence, and they will be
sensitive to any kind of background.

Scintillator counters can be gated and would allow to increase the signal/background ratio.

However, scintillators deteriorate in a high radiation environment: rad. hard scintillators (co-polymer type)
can stand up to ~4u104 Gray.

Energy deposition simulation (DPMJET II + FLUKA, M. Huhtinen): absorbed dose along the cone K=3
(100 mrd), at the end of the CMS solenoid (~10 m from IP), is in the range 103-104 Gray.

We have dn/dK ~ 8 tracks/events at K=3: a 10u10 cm2 scintillator placed at the end of the CMS solenoid
would then count ~ 1% of the inelastic events.

Consider crowns of 16 scintillators on both sides of the IP:
x ORleft,, ORright count 16% of inelastic events: ~ 100 Hz at L=1028 cm-2s-1.
x (ORleft)AND(ORright) counts 2.5% of inelastic events: ~ 15 Hz at L=1028 cm-2s-1.

Single rates reach  ~ 6u106 Hz at L=1034 cm-2s-1: still ok, but pile-up effects must be carefully corrected off-
line.





Photomultiplier

Light guide

Scintillator ~10x10 cm2

100 mrd cone, ) ~ 2 m



Tleft - Tright

Count

IP Collisions

Single counts + background

Timing Curve



Longitudinal versus transverse scan in crossing plane.

Longitudinal adjustment of crossing point with independent RF for the 2 rings:

Momentum compaction factor at LHC: D = 
R
D  = 3.473u10-4.

The length of the closed orbit varies as: 
L
L''  = D u 

P
P'' .

For 'P/P = 10-4 ( well within aperture), we get 'L = 9.26 u 10-4 m per turn.
                     ~ 1.1 u 104 turns/second Î longitudinal bunch de-phasing of ~ 10 m/second.

Consider a swinging “RF scan” of amplitude 7.5 m (inter-bunch distance) at a rate of 1Hz:

Bunches are bound to collide in the crossing plane.

One is left with a transverse scan in the direction orthogonal to the crossing plane.
                                          Î similar situation to the ISR case with continuous beams.

With a bunch length of 7.5 cm, we will count ~1% of the coincidences expected when the beam crossing
conditions are optimal: 1500 to 150K counts/sec. for final luminosity of 1032 to 1034 cm-2s-1.

The final adjustment of the collision point in the crossing plane is obtained when the Tleft-Tright signal is
centered.
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Why instrument the IR absorbers ?

• The objective for instrumentation of the IR absorbers is to
provide LHC machine operations with a simple, reliable,
dedicated device for maximizing luminosity for all
operating scenarios
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A team has been assembled to address IR absorber instrumentation
issues:

- application to storage ring operation
- beam-beam interaction
- detector physics
- radiation effects
- signal processing and data acquisition
- hardware design

P. Datte J. Millaud
S. Krishnagopal (CAT, India) D. Nygren
E. Hoyer D. Plate
P.F. Manfredi W. Turner
N. Mokhov (FNAL)
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Schematic of components in IP1(5), v6.0

- Luminosity instrumentation would be located in the front quadrupole
(TAS) and neutral particle (TAN) absorbers

low-β quads (FNAL or KEK)

correction coils (CERN)

absorbers (LBNL)

IR feed boxes (LBNL)



brookhaven - fermilab - berkeley
US LHC ACCELERATOR PROJECT

Lumi Tools Mini Workshop
15-16 Apr. 1999

W.C. Turner
Concepts for IR Absorber Luminosity

Instrumentation
5

Schematic of TAN and TAS instrumentation

• Fast gas ionization sampling chambers are located near the shower maxima
inside the absorbers to take advantage of ;

– multiplication of the collected charge due to shower production and gas ionization
– increased sensitivity to the most energetic IP collision fragments, shielding from soft particles
– negligible impact on lattice space

n,�

~135m

TAS

IP

~20m

����,�

TAN

80m m x 80m m det area
8.1 < � < inf
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What can be measured with absorber instrumentation?

1. Luminosity
2. Beam-beam separation
3. RMS beam size
4. Beam-beam crossing angle
5. Transverse position of the IP

• Bunch by bunch measurements are feasible
• Measurement of beam-beam separation can be used in feed-
     back to bring the beams into collision and optimize L
• Items 1. to 3. can be accomplished with TAN only single 
     element detectors
• Items 4. and 5. require segmenting the detectors into 
     quadrants and instrumenting the TAS and TAN
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• An intentional transverse sweep of one beam introduces a time dependent
modulation of luminosity

- ε  = error offset amplitude
- d = intentional sweep amplitude

*2
*

00 ,);cos(
2
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Integration time(sec/turns)
L

cm-2s-1 01.0�
L
L� *1.0 ��� � rad��� 1� ** �� �

xa

1034 6.2x10-5/
0.7

1.0x10-3/
11

2.55x10-4/
2.9

3.8x10-3/
42.6

1028 62/
7.0x105

1.0x103/
1.1x107

2.55x102/
2.9x106

3.8x103/
4.26x107

• Integration times are sufficiently short to be practical even 
  for the lowest luminosity envisioned (TOTEM) 

– Bunch by bunch measurements increase the integration times by the 
   number of bunches (x2835 for L = 1034, x236 for TOTEM)

– The practical sweep frequency needed for beam-beam separation 
   measurements (1 Hz ?) will determine the integration time at the 
   highest luminosity
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Bringing the beams into initial collision
• One approach - start with a coarse grid map with successively finer mesh

followed by application of the beam sweeping method with successively
smaller radii

• An extreme example - TOTEM, L = 1028cm-2s-1

• Total integration time allowing for two iterations of each beam sweep =

approximately 45 min

Domain Grid size �L/L Integration time
(sec)

�� 44 ��� �2 10% 15.5
�� 22 ��� �1 5% 62.5

Sweep radius ��

1� NA 1� 10
.5� NA .5� 40
.2� NA .2� 250
.1� NA .1� 1000
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Layout of TAN ionization chamber
TAN inner absorber 
box

Multi plate ionization chambers
4ea 40mmx40mm

Beam tubes

370 mm
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Layout of TAS ionization chamber

Multi plate ionization chambers
4ea 40mmx40mm

Beam tube

TAS absorber

500 mm
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Parameters for an ionization chamber module:
Active area(1 quadrant) 40mm x 40mm

Plate gap 0.5 mm

No. of gaps 12
Capacitance/gap 28.3 pF

Gas Ar+N2(1%), 760 Torr

Elec gap transit time 21.7 nsec
Bunch freq/Rev freq 40.079 MHz/11.2455 kHz

Bunch structure 12x(3x81+2x8+38) = 3,564

Inel pp int/bunch xing@1034 20

mip per pp int 268
mip per bunch xing@1034 5.35x103

Electron/ion pairs/cm-mip 97

Ioniz e-/pp int 1.3x103(1 gap) 1.56x104(12 gaps)
Ioniz e-/bunch xing@ 1034 2.6x104(1 gap) 3.1x105(12 gaps)
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Dynamic range

• The magnitude of charge collected in a single pp interaction is
adequate for pulse shaping, digitizing and acquisition (see companion
presentation by Datte and Manfredi)

• If the data are accumulated bunch by bunch, the dynamic range
needed for front end electronics is a factor of ~ 40 to cover luminosity
from an arbitrarily low value up to 1034 cm2sec-1 bb

• The dynamic range increases linearly with the bunch accumulation
factor
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• Radiation deposition and activation have been studied in great detail
   with the MARS code

– power density ~ 3 W/kgm at ionization chambers
– power density < 10-5 W/kgm at front end electronics located on 
   the outer radius and at the back of the TAN

• Although the ionization chambers become activated there do not seem 
   to be difficulties with induced radiation background or radiation damage 
   to sensitive electronics

TAN power deposition 
(mW/gm)
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Backgrounds

• Backgrounds and systematic effects have been examined due to
1. beam gas collisions

2. beam-halo scraping

3. drift of the IP position
4. drift of crossing angle

5. ac modulation of the crossing angle at the beam sweeping frequency

6. activation of the Cu absorber and ionization chamber gas
7. electronic noise

• Items 4. and 5. contributed the largest backgrounds (to luminosity and
beam-beam separation respectively)

• In all cases the backgrounds have been estimated to be small
compared to the expected signals
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Estimated luminosity background rates are small compared to the pp
inelastic collision rate

Process Scaling Rate(sec-1)

pp inel. collisions ~L 8x108

beam gas collisions ~L1/2 3.5x104

(10-10Torr)

beam halo scraping ~L 8x104

(1:6,500 cleaning eff)

1µm slow drift of IP ~L 8x103

1µrad slow drift of ~L 1.2x106

xing angle
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Preliminary schedule

Activity FY98 FY99 FY00 FY01 FY02 FY03 FY04 FY05

Conceptual design

Prototype design and fab

Prototype tests

Final design

Fabrication

Ship

Installation
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Options for IR absorber instrumentation

• Instrument TAN only or TAN + TAS

• Instrument IPs 1 and 5 or IPs 1,2,5 and 8

• Single bunch (40 MHz) or multi-bunch bandwidth (~4 MHz)

• Quadrant or single element ionization chambers
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Summary

• Instrumentation of the IR absorbers is a potentially useful beam
operations tool for optimizing luminosity

• Gas ionization chambers are practical radiation hard devices that can
be engineered for high reliability

• Operational characteristics can be validated under LHC like
conditions in an SPS test beam with 25 nsec bunched protons
(H4 beamline)
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OutlineOutline

uu Properties of Si at cryogenic temperaturesProperties of Si at cryogenic temperatures
uu CCE of  heavily irradiated Si detectors at cryogenicCCE of  heavily irradiated Si detectors at cryogenic

temperatures (up to 2·10temperatures (up to 2·101515 n/cm n/cm2)2)

uu Neutralization of induced defects: the Lazarus effectNeutralization of induced defects: the Lazarus effect
uu Tracking efficiency and position resolution of anTracking efficiency and position resolution of an

irradiated DELPHI module (4*10irradiated DELPHI module (4*101414 n/cm n/cm22))
uu Beam monitoring and diagnosticBeam monitoring and diagnostic
uu Cold silicon for luminosity measurementsCold silicon for luminosity measurements
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Properties of Silicon atProperties of Silicon at
Cryogenic TemperaturesCryogenic Temperatures
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Why is the present
technology not sufficient ?

… and how can we improve
it ?
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Irradiated Si DetectorsIrradiated Si Detectors

uu Irradiated at room temperature at TRIGAIrradiated at room temperature at TRIGA
neutron reactor, JSI Slovenianeutron reactor, JSI Slovenia

uu Stored at room temperature and subjectedStored at room temperature and subjected
to thermal cycles, therefore stronglyto thermal cycles, therefore strongly
reverse annealed (RA)reverse annealed (RA)

uu Different materials and processes:Different materials and processes:
n Al/n+/n/p+/Al  1.8 kΩΩ cm
n Al/n+/n/p+/Al  2.7 kΩΩ cm
n Al/n+/n/p+/Al  4 kΩΩ cm
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CharacteristicsCharacteristics

300K I-V

0.0E+00

5.0E-06

1.0E-05

1.5E-05

2.0E-05

2.5E-05

3.0E-05

3.5E-05

4.0E-05

4.5E-05

5.0E-05

0 2 4 6 8 10 12

Voltage (V)

C
ur

re
nt

 (A
)

300K I-V

-1.2E-03

-1.0E-03

-8.0E-04

-6.0E-04

-4.0E-04

-2.0E-04

0.0E+00

-12 -10 -8 -6 -4 -2 0

Voltage (V)

C
ur

re
nt

 (A
)

77K I-V

-1.0E-06

-8.0E-07

-6.0E-07

-4.0E-07

-2.0E-07

0.0E+00

-250 -200 -150 -100 -50 0 50 100 150 200 250

Voltage (V)

C
ur

re
nt

 (A
)

1·1014 n cm-2

5·1014 n cm-2

2·1015  n cm-2



















Implications of the TAN
for the LHC Layout

Claude Fischer (SL/BI)



Synchrotron Light Monitor Considerations



















Summing Up

Hermann Schmickler (SL/BI)



Luminosity Related Measurements

Measured
Quantity

Measurement
Principle

Comments

Bunch Current
Bunch Current
Transformer

G I/I < 2% possible

Error on total current from DCCT < 1%

Emittance at
7TeV

Wire scanner for

I = 10% of Inom

Synchrontron light
monitor

G V /V < 2% between bunches not realistic;

most likely 5% ok.

For absolute calibration H proportional E

Tail studies require dynamic range > 105

EE *
k-modulation of
insertion quadrupoles –
measure change in tune

Evaluation of obtainable precision required

Beam-beam
deflection oo HH

With BPMs

Range of possible beam separation depends
on beam current.

Orbit difference for maximum kick (2.2V )
> 20P m in BPMs.

Expected resolution: few P m

Study possibility of zoom.

Miscrossing of
individual bunch
pairs

With LBL monitor?

BPMs ?

Require relative resolution between
bunches of 2P m (& 4P rad )

Beam Loss
BLMs in cleaning
section

40 MHz bandwidth; tail studies



The Luminosity Monitor

Absolute Luminosity Measurements with G L/L < 2% is the task of the LHC experiments

Absolute Luminosity Measurements with G L/L ~ 5% for luminosities above 10^30 via a
machine L-monitor and occasional cross calibrations to the LHC experiments is the task of
the machine community.

Requirements for the Luminosity Monitor:

 1) Available in all 4 Ips

 2) Sensitivity of Luminosity reading to variations of IP position (x*,y* < 1mm) and angle
at IP (x*',y*' < 10 P rad ?) has to be lower than 1%.

 3) The dynamic range with "reasonable" acquisition times for 1% precision has to cover
10^28 to 10^34. For the lower 2 decades of the dynamic range only a much reduced
bandwidth is required, as this will be produced with few bunches.

 4) The minimum bandwidth is 132 kHz to see a structure along the batches, a few MHz
seems adequate.

Concerning the two (three) presented proposals:

 1) The SEM monitor will be difficult to make operational in the requested dynamic
range of 10^6. It is of no interest to the machine due to the severe bandwidth
limitation. The technological alternative of cold silicon counters should be tried
instead and studied rather rapidly.

 2) The presented scintillator hodoscope needs much more studies. In case the studies on
cold silicon counters are promising, the scintillator proposal should not be followed.

 3) The LBL proposal with the comments below is supported by CERN and in particular
by the SL beam instrumentation group.
This means that the requested studies should be carried out, beam tests should be
done in the following two years.
The situation will be reviewed in spring 2002, after the expected completion of the
prototype tests
At that time also the scintillator proposal or the cold silicon detector will be
reviewed.



Items to be reviewed on the LBL proposal:

 1) Cleaning efficiency of the machine and related background due to charged particles
scraping the internal TAS & collimation effect of D1.

 2) Position of the TAN 5m towards the IP (Æ optimisation of light path of Synchrotron
Light Monitor)

 3) The running scenario for the detector is up to 20 years without access in a highly
radioactive zone. Any mechanical design, which weakens the detector, has to be
avoided.
Review plate thickness and distance (0.5 mm) versus bandwidth requirement.

 4) Do we have to instrument the TAS? Can this decision wait until 2002?

 5) Review front end electronics and acquisition system. Make it independent of external
machine timing. In case a compromise is needed, the requirement on large dynamic
range counts more than high bandwidth.


