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Background

Ultra-peripheral electromagnetic interactions in heavy nucleus-nucleus collisions:

Captures an electron from an e-e+ pair
Bound-Free (Cap pair)

Pair Production < AXZ + AXZ — AXZ + AXZ_l + e"'
(BFPP)

Electro-magnetic (Emits a neutron)
Dissociation < AXZ -+ AXZ — AXZ + A—1XZ +n
(EMD)

Thanks to M. Schaumann
(FCC Week 2019)

Change of magnetic rigidity (charge to mass ratio) results in secondary beams emerging
from IP




Background

Beam power proportional to luminosity and energy:

Table 2.8: Beam and machine parameters for operation with ions.

Unit Initial Nominal
Operation mode - Pb-Pb  p-Pb” | Pb-Pb  p-Pb”
Beam energy [TeV] 4100 50 4100 50
Centre-of-mass energy per nucleon pair [TeV] 39.4 62.8 394 62.8
No. of bunches - 2760 5400
Bunch spacing |ns] 100 50
No. of particles per bunch [108] 2 164 164
Transverse normalised emittance [um.rad] 1.5" 3.75" 1.5 375"
Stored energy per beam [MJ] 362 709
Stored energy per beam at injection [MJ] 24 47
(3-function at the IP [m] 1.1 0.3
Number of IPs in collision - lor2 lor2
Initial luminosity [10%em=2s71 | 34 2800 | 248 20400
| Peak luminosity” [10°'em ™ “s™ '] 80 13300 [ 320 53500
Integrated luminosityd (1 experiment) [nb_lz'run] 35 8000 110 29000
Integrated Iuminosityd (2 experiments) [nb_lfrun] 23 6000 65 18000
Total cross-section [b] 597 2 597 2
Peak BFPP beam power [kW] 19 0 75 0

P =oLE

Lipc =6 x10%” cm2 st
320 x 102" cm=2 st

LFCC

Ogppp = 344 x 1027 cm?
Ogvpy = 119 x 1027 cm?
Ogvpe = 37 % 1027 cm?

BFPP: 72 kW
EMD1: 25 kW
EMD2: 7.7 kW



mne o e Eseo Capturing Beams in the
Dispersion Suppressor
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Most interested in immediate elements

downstream from collimator
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BFPP Results — Dispersion Supressor

Guide value 1 — 2 kW per jaw!

Outer jaw: 43 kW

ool Most energy depositeeqd in | :
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BFPP Results — magnetic coils

« Scoring on coils with 3 mm
resolution

* Guide value for peak power density
on coils:
70 — 100 mW/cm3

* Results for single beam
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EMD1 Hits - TCLD.8

Primary beam, x = 0 mm Top View Side View
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Beam is split, as a result hits are smeared across surface.

(~93% of beam on this collimator)



EMD1 Hits - TCLD.8
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EMD1 Hits - TCLD.8

Fre,

v,

IR_00¥F

RIR_008
. . AIR 009 :

'S
o
o

pions and
protons

P
N
o
S

1)
o
1)

o,

o
>
wn

Power carried by species at aperture (W)

[=)] [e2)
o o
o o

¥ \ 'T g . ]

i i

fi P ' 3 ]

+—

| neutrons

. + Proton
- iproton
«  Neutron
+ Pion+
- Pion-

. —  Electron

+ Positron
+  Heavy

o : heavies

ol +', P ‘ gy /(A =2,3...207)

700 750 800 850 900 950 1000 1050 1100

: .6001,

i 1e-05

‘ z

1200 l \ 13000




EMD1 BFPP Comparison — TCLD.8
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I o e2-208 Il s2208BFPP [N Po 82207 Pb 82-206

Try capturing beams earlier in matching
section (more drift space for secondaries)
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I o e2-208 Il s2208BFPP [N Po 82207 Pb 82-206

Try capturing beams earlier in matching
section (more drift space for secondaries)
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Adding new collimators before long drifts “TCI.4, TCI.5, TCI.6”
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Adding new collimators before long drifts “TCl.4, TCI.5, TCI.6”
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New collimator - TCI

New “TCI” collimator

Active material:
Molybdenum graphite (MoGR)
p = 2.55 g/cm?3
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MoGR Power Load

Outer Jaw: 2.2 kW
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Peak power density in Coils (MoGR Matching Section Collimator)
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Matching Section Material Change
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Moving back to dispersion suppressor...
2 collimators, hits fully into tapering
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Back to DS...
2 collimators: Copper & Copper
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Back to DS...
2 collimators: MoGR and Copper
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Outlook
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: Combination of lower density material and higher
density material?
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Density of Copper-Diamond: 5.4 g/lcm3
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Thanks for listening




GeoViewer Red plot
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Plot #10
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