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CDR design - requirements

Beam line from IP to main dump

Transport highly disrupted 14MW beam safely
to dump

Minimising the back scattering background to
the detector

Luminosity monitoring

* Separation of disrupted particles from
“beamstrahlung” photons (which can be used to
measure luminosity post-dump) with a series of
vertical bending magnets
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Post-collision beam

» Disrupted beam
* Coherent pairs
* From A. Ferrari et. al,

PRSTAB 12, 021001
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* Large spread of energies, 07 L - Colplus
opposite sign charge S
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Post-collision line conceptual
design (CDR)

Dump for wrong—sign
charged particles

Final dump

Beamstrahlung photons A
_——————— == B i -7 7
Z 7 7 Main (disrupted) beam ——

" Vertical bend

Interaction
Point

Vertical bend

* [A. Ferrari et. al, PRSTAB 12, 021001 (2009)]
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Requirements

* Separation ~12cm between disrupted beam and
beamsstrahlung photons at the main dump for luminosity
monitoring purposes

* Transport particles cleanly to main dump:

— Remove particles that do not fit within the window of the
main dump

* Electrons with energy less than 230 GeV
* Positrons with enery less than 1200 GeV

Deposited in an intermediate dump, peak power of ~1e5
W/m (water cooled)

— Avoid losses in magnets and beam pipes

— Protect magnets from radiation damage
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Problems with CDR design

* Magnet protection from radiation damage is
marginal

* Post-intermediate dump magnets sutfer from
scattered radiation from intermediate dump

* The radiation damage and resulting lifetime of
these magnets were calculated using BDSIM
(Geant4)
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C- shaped magnet

Coil insulation (epoxy
resin)

oil cables (copper) malls

Beam pipe (iron)
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C — shaped magnet fields

y [m]

y [m]
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2D magnetic
fields in Tesla
(Alexey
Vorozhtsov)
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Magnet lifetime study

* Updates to the Post Collision Line,
L. Deacon, IPAC 2012:

— Right: energy dep. In
magnet 5 (first
magnet after
intermediate dump)
coil insulation
material (W/cm?)

y [cm]

— Standard magnet
lifetime inadequate
(8 +/- 1 years with 1
litre cells with 0.5m
iron shield in front of
magnet)
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Solutions previously considered

Move the coils — field
quality?

Radiation hardened coils
(up to 10" Gy from 10’
Gy — see CERN 82-05)

Improve shielding —
intermediate dump?

Move magnets
downstream
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PCL first design

* Chicane + 50m drift +
main dump —— 000 0—0000
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PCL optics — iteration 2

* Second iteration —
final drift extended
by 210 metres

— Could we make
even better use of
the extra space
available?
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o
PCL optics —iteration 3 (current)

One magnet with B=0.7 tesla
instead of 8 magnets with

B:O'8 teSla s m MAD-X 5.00.08 21/05/13 13.40.15
-  apx 50008 210915 1340
=~ 0.11 - Y
* Magnet moved 20m o]
downsteam — more 005
separation from incoming e
beam line. 00
0.03 -
* Intermediate dump moved to 002
180 m 0'00—.0 50.  100. 150. 200. 250. 300. 350. 400.
s (m)
* Why bend back the beam -
Bend angle relatively small
(few mrad)?
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PCL optics —iteration 3 (current)

* Intermediate dump further
downstream ->
beamstrahlung photon

==

0.12 3 MAD-X 5.00.08 21/05/13 13.40.15
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o 0.10 A
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signal?
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New layout

Intermediate dump

Distance from IP = .47.5 m

> Main dump
Interactlon - ——— 300m
pomt - - - - - - — —_—— = =— — —
Mask

Mask between —>
vertical bending
magnets 315m

180 m

* Fewer, weaker magnets - 4m * 0.7 T instead of
32m*0.8 T

Cost and power consumption will be reduced significantly

* Intermediate dump moved downstream from 67m to 180m
* Beam pipe dimensions adjusted
* No magnets downstream of intermediate dump -> no radiation damage

problems
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New layout

Intermediate dump

Distance from IP = .47.5 m

Main dump

Interaction —_——— T ) 300m
point —)
Mask between —)

vertical bending
magnets 315m
180 m

* Back scatter to detector — photons, electrons, neutrons
scattered back to detector from intermediate dump

* Assuming time window of 150ns (bunch train) + ~100ns
(detector integration time) particles scattered back from
<40m could cause background to the detector

* So better to have magnet at 47.5m than 27.5m (old CDR
design)
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Simulation

| * Screenshot showing
y E the entire post-

_ agnet . . .
Beampipe collision line with
an electron track in
red

<« Intermediate
dump
Post dump - co

\ Main dump
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Simulation

* Magnet 1aand 1b
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Simulation

v viewer- 0 (OpenGLStoredX)

* Intermediate dump
(aperture shown)
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Simulation

* Main dump (water
shown) with e-m
shower

 Concrete around
main dump
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Effect on beamstrahlung signal

* Top: beamstrahlung T i
profile before 8 it
intermediate dump § oo
* Bottom: after intermediate
dump E H-1|5I || ‘-1‘0I I I-5I - lIJ - ‘5 10 1? ]
* FWHM =0.7 cm
.
* Attenuation ~ 0.03 % - 3
negligible
* Max attenuation ~ 0.07% ]
(max. kick due to vertical

offset in colliding

beams)
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Beam losses with new layout
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Conclusions

* Both the new and the old design succeed in:

— Separating the beamstrahlung photons from the
disrupted beam

— Dumping the opposite sign pairs in the intermediate
dump

* The new design also:

— Keeps beam losses to a minimum

* Protects beam line components from radiation
damage

— Fewer magnets
— Reduces detector background

— Significantly reduces the cost and power consumption
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Future work

* Radiation to incoming (BDS) beam line.
* Back scatter to detector.

* Study how acoustic vibrations from the main
dump atfect the final focus.

* Iterate with magnet design (M. Modena, A.
Bartalesi, CERN) — magnetic cross-talk with
incoming beam line.

* Luminosity monitoring.
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