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Forward physics options at the FCC
by Helmut Burkhardt (CERN)

Future Circular Collider Study, FCC http://fcc.web.cern.ch Indico / Projects / FCC

Goal

The Future Circular Collider study has an emphasis on proton-proton and electron-positron
(lepton) high-energy frontier machines. It is exploring the potential of hadron and lepton
circular colliders, performing an in-depth analysis of infrastructure and operation concepts and
considering the technology research and development programs that would be required to
build a future circular collider. A conceptual design report will be delivered before the end of
2018, in time for the next update of the European Strategy for Particle Physics.

Studies on the accelerator and machine-detector interface for 2 high luminosity

interaction regions are in progress, energy deposition studies well advanced

Here some early, highly preliminary brainstorming considerations on forward physics
options, as seen from the machine side
Was not studied so far for FCC --- some limited discussions in preparation of this talk

with Hadron Collider machine team, Daniel Schulte, Xavier Buffat et al.


http://fcc.web.cern.ch
https://indico.cern.ch/category/5153/
https://indico.cern.ch/category/5901/
https://indico.cern.ch/event/448985/

CERN-ACC-2015-132 of 21/10/2015
Baseline Parameters

100 TeV cm.s L=100km
Injection energy 3.3 TeV

Baseline, 25 ns option :
L =5e34 cm2s-! leveled

[ Ldt =250 fb’! per year and IP
#bun = 10600, 1.e11 / protons per bunch
en=12.2 pm

Non negligible SR:
2.4 MW per beam
Euit 4.3 keV (= SuperKEKB)

High luminosity IPs A, G :
*=1.1 m, x-ing angle +45.5 purad

IPs H,F not yet defined
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m= ArC (L=16km,R=13km)

== Mini-arc (L=3.2km,R=13km)
m= DS (L=0.4km,R=17.3km)

== Straight

Collimation 2.8 km
Extraction 1.4 km

Collimation 2.8 km
Extraction 1.4 km

Schematic collider layout. The straight insertions are

shown in red and the arcs in black;
the anticipated space for the dispersion suppressors
is indicated in green.


http://cds.cern.ch/record/2059230
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@) Extra IPs rFCC

LHC IP2,IP8 - magnet/optics very similar to high-lumi IP1 / IP5
More constraint by injection.

Extra IPs not yet studied in any detail for FCC
Potentially very interesting -- support from physics community ( you ) essential

Could potentially be used for an optimized lower luminosity, higher §* forward/diffractive IR
was also considered for the SSC  ( SSC-88 9/1986, D.E. Groom et al.)

FCC: extralP’s H,F
e Same 1.4 km length as high luminosity IPs A,G
¢ not constraint by injection

More dedicated lower luminosity IR :

¢ Integration of detectors in IR layout : early planning may allow for integration of forward detectors
in machine sections and better optimization for higher dispersion
in the dogleg . Forward physics instrumentation, Rainer Schicker, FCC hadron detector meeting 27/07/2015
or in the dispersion suppressor ( FP420 equivalent for FCC )

e Lower luminosity — less shielding and radiation

does not necessarily exclude lower [3*. Possible synergies with heavy ion mode


http://lss.fnal.gov/archive/other/ssc/ssc-88.pdf
https://indico.cern.ch/event/434709/

)Y Some principles, high vs low f3* rFCC

P* << L* low beta small beams at IP. 90° phase advance L/R and strong focusing triplet

high angular divergence

p* >>L* high beta large parallel beams, low angular divergence ~ no phase advance and focusing
LHC design numbers : %r?m]
L*=26.15 m (centre of 6.37 m long “Q1”’, MoxA.1R1 ) B o,gf- ,.

f*=0.55m design value of low *

FCC-numbers, fcc_ring_v4_baseline, roughly 2x the LHC
L*=46 m (centre of 20 m long “Q1”, moxc.1R )

f*=1m design value of low [3*



‘v Scaling, from LHC to FCC ' FCC

FCC: E, vy increases by factor 100/14 =7  in «/y by 2.7 scaling

Beam size at IP o* = \/P*e = \/B*en/y

vy
Angular beam divergence ¢’ = (/e /(* = \/5N/(v[5’*)
N? N?
Luminosity, round beams L = f — f 7 Y
A o? 4w Brepn
2
Minimum ¢ with RP at n, — tin = 2P Mo CN Ty Y
6*

Normalized emittance yve = ex=2.2 um constant in (lower energy) proton machines, determined by
injectors, similar for all proton machines. = Beams shrink when accelerated.

Difficulty to reach a certain minimum ¢ (i.e. Coulomb IR) increases ~ linear at constant ex with y
from B ~2km at LHC (yetto be reached) to ~ 14 km at FCC ?

In FCC, damping from SR+RF significant, opens up possibility to get significantly lower emittance
--- potentially very useful for dedicated runs



Low luminosity # No interference
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K"Y Principle of separation by crossing angle at higher
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Nominal LHC w/o parasitic collisions

Low p* (<L¥*)
beam size and separation increase o« As,
=> separation in units of ¢ about constant around IP
all parasitic crossings adding up with similar contribution

Instead high f3* :
beam size ~ constant = ¢*, separation in ¢ increases as ®As
where ® is the crossing angle, dominated by 1st parasitic crossing
100 ns bunch spacing 4x more separated than 25 ns, used for 90m LHC
and negligible contribution from next 200, 400 ns ...



Q"\w’ LHC, separation and crossing bumps at 90 m, IR1, IR5 ((FCC ))

IR1, ATLAS-ALFA IRS, CMS-TOTEM
Vertical crossing Horizontal crossing
Q123 Q4,56
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Shown for =+ 1 mm separation
+ 50 urad (half) crossing angle --- limited by corrector strength
(+ injector RF) to 100 ns spacing or 4x reduced #bunches
With sufficient corrector strength and aperture : 25 ns spacing in dedicated FCC IR



) Running scenarios FCC

Parasitic running in standard physics next to high luminosity IP, with tens of kilowatts of collision
debris will be difficult. Rather assume more dedicated lower luminosity IP.

Two scenarios sufficient ?

1

. Dedicated very high * operation for cross section measurements

Few bunches, no crossing angle. Few dedicated runs.

Roman pots very close (few sigma).

Minimize beam-beam (no collisions in other IPs, moderated bunch intensities) :

Profit from SR/RF radiation damping : exn=22umxexp(-t/t)

where T = 1 h. After ~ 4 hours at reduced equilibrium emittance, maybe as low as ~ 0.05 pm
* ~ few km could be sufficient, very high f* > 10 km may not be needed

at reduced bunch intensities, more bunches compatible with no crossing angle to get sufficient luminosity

to be checked and optimized : damping partition, beam-beam, bunch schemes, IBS

. Moderately high * ~ 100 m operation for forward / diffractive physics

( and minimum bias, proton vs / ion calibration .. ) with kind of “ALICE+TOTEM” IR and detectors
Design IP such that enough corrector strength and aperture available for sufficient crossing angle

and parallel separation to operate with full number of bunches with 25 ns spacing

Aim : compatible with standard physics --- no need for limited special runs

Roman pots at ~ 10 sigma ? (after some h in physics )
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D\ Concluding remarks

On a first brain-storming level

--- there appears to be very good potential for forward / diffractive physics at FCC

2 extra IRs not yet studied / assigned

Could profit a lot from :

e More dedicated interaction region

e More space and flexibility

®* Reduced emittance ( significant SR/RF damping )
¢ Potentially compatible with standard operation

® Detectors in higher dispersion sections (dogleg, DS)



Backup



FCC-detector Twin Solenoid + Dipole Magnet System

Matthias Mentink, Alexey Dudarev, Helder Filipe Pais Da Silva, Christophe Paul Berriaud, Gabriella Rolando,
Rosalinde Pots, Benoit Cure, Andrea Gaddi, Vyacheslav Klyukhin, Hubert Gerwig, Udo Wagner, and
Herman ten Kate

Presented by Werner Riegler in 7-th FCC-hh MDI meeting We have parametrized the

performance of this detector
for physics studies in the FCC
software framework.

We have provided the B-field
map and material description to
the FLUKA team for radiation
simulations.

Twin Solenoid m

Stored energy 53 GJ 2x15 GJ
Total mass 6 kt 0.5 kt
Peak field 65T 60 T
FCC Air core Twin solenoid and Dipoles S 2y L 20
Conductor 102 km 2x37 km

State of the art high stress / low mass design. Bore x Length 12mx20m 6mx6m
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https://indico.cern.ch/event/447424/

High Energy Hadron (> 20 MeV) Fluence Rate

Hadron Fluence, for a luminosity of 30*1 0% cm'zs'1, y=0
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Presented by Maria Ilaria Besana in 7-th FCC-hh MDI meeting

M.l. Besana, FCC-MDI meeting
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