y FCC-EIC Joint & MDI Workshop 2022, 25/10/2022 H. Burkhardt

7 Beam Background Sources

reminder of the main background candidate processes
challenges / experience from other machines ( PETRA, LEP, HERA,LHC ...)

short of review what has been done for FCC

further work, software development

Background considerations have guided from the beginning the FCC-ee design,

and in particular the IR region

FCC MDI started ~2013 to some extend based on LEP + studies for CLIC and LHeC

Much has already been done, need + room for much more work
Acknowledgement :  FCC background related studies based on very fruitful broad collaboration, including
Manuela Boscolo, Mike Sullivan, Katsunobu Oide, Francesco Collamati, Roberto Kersevan, Emmanuel Perez, Marian

Liickhof, Andrea Latina, Roderik Bruce and more recently

Andrey Abramov, Andrea Ciarma, Kevin Andre — presenting today


https://indico.cern.ch/event/1186798

y Main single beam background processes

S/

Primary
e Synchrotron radiation, SR
 Beam gas

 Thermal photon

Secondary
10 - 100 keV photons : Compton, Rayleigh, specular reflection
> 100 keV nuclear - GDR, pair creation

e+, e- showers including nuclear component and muons



y Synchrotron radiation, basics FCC
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y remark on SR Monte Carlo generation FCC

S/

Early version, LEP Note 632 1990
Implementation in GEANT4 from May 2006 CERN-OPEN-2007-018 / CLLIC-Note-709

and other codes including MAD-X, also have standalone version
+ documentation in Physics Reference Manual
+ SR example code TestEm16

August 2014 SR generalized for long lived charged particles (p,ions) motivated by FCC-hh

Recently improved output with multi-threading - testem16-V11-06-00


https://cds.cern.ch/record/443490
http://cdsweb.cern.ch/record/1038899
https://geant4-userdoc.web.cern.ch/UsersGuides/PhysicsReferenceManual/html/electromagnetic/xray_production/InvSynFracInt.html
https://geant4-userdoc.web.cern.ch/Doxygen/examples_doc/html/ExampleTestEm16.html
https://iopscience.iop.org/article/10.1088/1742-6596/874/1/012004
https://gitlab.cern.ch/hbu/geant4-dev/-/commits/testem16-V11-06-00

y Photon shielding FCC
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Fluorescence was expected, well simulated with Geant,
and was mitigated for absorbers by surface coating

Reflection in principle known from textbooks
like Batterman and Bilderback in Handbook on Synchrotron Radiation Vol.3 Eds G.S.Brown, D.E.Moncton

came as a surprise in LEP, mitigated with COLH.QS6 at 120 m
not well measured at energies and very low angles relevant here
included (only) in SYNRAD+, recent Roberto Kersevan presentation


https://indico.cern.ch/event/1071912/contributions/4532584/attachments/2325867/3961795/FCC-ee_MDI_#34_11Oct2021.pdf

y single beam sources of e+, e- losses FCC
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Thermal vy : First described in 1987 by V. Telnov , main single beam lifetime limitation in LEP,

well measured and simulated using the algorithm described in SL/Note 93-73

spectrum softer then beam-gas, only small fraction lost in low angle lumi. monitors
FCC-week Brussels 2019



https://indico.cern.ch/event/656491/contributions/2947654/attachments/1630085/2599337/FCCWeek2018_Collamati_BeamGas.pdf
https://doi.org/10.1016/0168-9002(87)90093-3
https://cds.cern.ch/record/402586
https://doi.org/10.1016/0370-2693(90)90540-M
https://cds.cern.ch/record/703373
https://indico.cern.ch/event/727555/contributions/3452798/attachments/1867136/3070708/FCCee_Brussels_2019_06.pdf

y Single beam secondary muon backgrounds
NS/,
Collimating high energy e+, e— will generate muons, roughly at the 10-4 — 10-5 level
W 2002 / 2003 implemented in GEANT4
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Aloev, H.B. et al. , and Belgin Pilicer 2017 thesis

with up to 3.e15 e+, e- and lifetimes of ~ 200 minutes (FCC-ee-Z) we expect to lose
2.4ell e+, e— per second generating millions of muons / second

—> avoid collimation of e+, e- in line of sight to experiments

No problem in LEP where losses were collimated far from the experiments

the aperture limiting primary and secondary collimators were in a separate straight
section (LEP IRS)


https://inspirehep.net/literature/1425534
https://geant4-userdoc.web.cern.ch/UsersGuides/PhysicsReferenceManual/html/electromagnetic/gamma_incident/MuPgen.html
https://geant4-userdoc.web.cern.ch/UsersGuides/PhysicsReferenceManual/html/electromagnetic/electron_incident/AnnihiToMuPair.html

y Other background sources : collisions, machine FCC

S/

Collision particles processes :

Beamstrahlung : synchrotron radiation in field of opposite beam

Radiative Bhabha scattering also called beam-beam Bremsstrahlung the main e+e- loss process
Machine induced :

e Injection induced backgrounds

e Halo generation — launching to high amplitudes

Can be difficult to distinguish background types and origin of problems.
also seen in the LHC : enhanced backgrounds with collisions in non colliding bunches “afterglow”

btw : LHC backgrounds always interesting and good for new surprises ... LBS#115

Coupling between backgrounds
SR heating —> dynamic pressure rise —> enhanced beam-gas
Beam-beam, non-linear optics (high chromaticity.. ) enhanced halo generation

Halo enhanced SR in quadrupoles


https://indico.cern.ch/event/1206337/

y SR in collision or Beamstrahlung

S/

~ 400 kW at Z energy radiated forward lost in first downstream bends, <Ey > =2 MeV
studied with GUINEA-PIG

first estimates : FCC-ee Optics Design Meeting #105

upper limits - partially separated beams + radiation in IR magnets ~ 1.5 x higher

will require dedicate photon beam dump
as will be discussed on Thu 27/10

Beamstrahlung photon-photon collisions — pair-production visible in detectors
Estimated in CDR ( Table 7.1)

Emmanueal Perez M DI meeting#29,
Andrea Ciarma MDI meeting#31 + more today
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https://cds.cern.ch/record/331845
https://indico.cern.ch/event/854159/contributions/3592124/attachments/1924594/3185040/RadFromIP_2019_10.pdf
https://indico.cern.ch/event/957509/contributions/4027100/attachments/2110547/3550221/2020_09_28_MDI_backgrounds_summary.pdf
https://indico.cern.ch/event/1013039/

y Radiative Bhabha or Beam-Beam Bremsstrahlung (( FCC ‘)

S/

large cross section, several hundred millibarn (larger than pp)

~ completely dominating the lifetime with collisions
Ist process observed in e+e- collisions, 1963 with AJA @ LAL

similar process in ep, eN : electron proton/ion Bremsstahlung

very low g2, distance cutoff important
HERA : 10.1007/BF01553983  theory : Kotkin. Serbo

dominant
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Fig. 3. — Experimental arrangement for the

observation of vy-rays from the reactions

etL-e—— ette~+v and et-1-gas molecule—
- o7+ gas molecule |v.

Fast eventgenerator BBBrem by Ronald Kleiss + H.B. , 1994
based on Matrix element e+e- —> e+e-y with mass terms for scattering angles down to 0

excellent agreement with measurements at LEP
as documented in “Beam Lifetimes at LEP” EPAC94

and “Beam Lifetime and Beam Tails in LEP “ at e+ e- Factories '99

up to date C++ version made available as https://gitlab.cern.ch/hbu/bbbrem encouraged by Andrea Latina
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http://dx.doi.org/10.1007/BF02750550
https://link.springer.com/article/10.1007/BF01553983
https://journals.aps.org/prab/abstract/10.1103/PhysRevSTAB.7.101001
http://dx.doi.org/10.1016/0010-4655(94)90085-X
http://dx.doi.org/10.1016/0370-2693(93)91809-2
http://accelconf.web.cern.ch/AccelConf/e94/PDF/EPAC1994_1353.PDF
http://inspirehep.net/record/508390
https://gitlab.cern.ch/hbu/bbbrem

y Photon angle with respect to beam axis FCC

hh ee he
N/
E BBBrem Eb = 45. 6 GeV, Lorentz y = 89237 | hetd_g
70 - Entries 2.266896e+08
10 = — Mean 2.604
[ - Std Dev 2.946
106 == — Overflow 0
10° = ___—_
10 &=
10° &
10> &=
10 ==
1 B ] ] ] ] 1 1 1 | ] ] ] “ | I L1 1 1
1 10 ’

Ophoton / %(0

mean phOtOIl scattering angle ~ 2-3/ Y or ~ 20 - 30 prad depending on to which extend soft photons are included

less than the beam divergence ( 42.5, 35.4 urad hor/ver for FCC-ee Z for the CDR parameters )
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y Photon spectrum FCC
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Included in SAD, local losses estimated by Katsunobu Oide

presented in 103rd FCC-ee optics meeting in 150 W within first quad, 4 kW by 400 m downstream
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https://indico.cern.ch/event/845182/

y Challenges / experience ~CC

S/

Single beam backgrounds + SR in collisions (beamstrahlung) backgrounds will certainly be there

and can be simulated with some confidence

Experience :

real life backgrounds are often much higher than the unavoidable/predicted backgrounds
seen in LEP and in particular LEP1, issue for the HERA upgrade,

LHC RUNI Alice

Collimation of backgrounds close to IP essential — as last line of defense
Shielding not always helping (PETRA/TASSO Sn shield), going to lighter LHC structures

Minimize background production - minimal bending before IP, excellent vacuum

Continuous monitoring / study / analysis of backgrounds essential in close collaboration

machine + experiments



y LEP background observations ~FCC
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y non-Gaussian tails, LEP FCC

measured with loss monitors; scraping with aperture collimators
horizontal plane
reproduced by simulation

vertical plane, colliding beams
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Tails from : beam-beam, high chromaticity, particle scattering

Background spikes, enhanced synchrotron radiation from quadruples

H.B. 1. Reichel, G. Roy, Transverse beam tails due to inelastic scattering in LEP, PRSTAB. 3:091001, 2000; I. Reichel, CERN-Thesis-98-017
H.B. "Beam lifetime and beam tails in LEP.” Ref [6]

16


http://dx.doi.org/10.1103/PhysRevSTAB.3.091001
http://cds.cern.ch/record/366331
https://cds.cern.ch/record/402586

y On the to do list (for discussion) FCC

S/

GEANT4 high energy photon specular reflection
Exists in GEANT4 for optical photons, missing for high energy photons. Was important in LEP.
Plan try to look at gettting this implemented - at least in some rough approximation.
Have generally very positive experience from implementing code in GEANT4
but also know the overhead can be intimidating (example my last G4 commit )

There is also interest for different applications including gamma telescope satellites
Exists in SYNRAD++

Study of injection induced backgrounds
More realistic and detailed simulation in several areas:

imperfect machine, steering, dynamic aperture, coupling between sources ..

experience from other machines useful — good to collaborate also with EIC

BTW just checked : still have LEP optics and can run them using mad8 on my (intel) macs.
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https://gitlab.cern.ch/hbu/geant4-dev/-/commits/testem16-V11-06-00
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Xincm

LEP, example of background particle tracking G==
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plot from my simulation for the 1998 LEP background paper Ref [4]


http://mad8.web.cern.ch/mad8/
https://cds.cern.ch/record/186178
https://www-public.slac.stanford.edu/sciDoc/docMeta.aspx?slacPubNumber=slac-r-285
https://www.osti.gov/biblio/6137659
http://cds.cern.ch/record/703373
http://hbu.web.cern.ch/hbu/gesynrad.pdf
http://dx.doi.org/10.1016/0010-4655(94)90085-X

