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Highlights from Presentations Include…
• Sharing of Experience — VLHC, SSC, LHC, Tev, …
• Lattice and optics; scaling laws
• Energy deposition, beam loss, collimation/protection
• IR design and MDI requirement development
• Many recent computational tool developments
• Beam-beam limits and luminosity optimization
• Injection/extraction issues; injector 
• Beam screen development
• FCC-he investigations
• Many other topics…

5

4 
FCC-hh 
Daniel Schulte for the FCC-hh team 
Washington, March 2015 

Integrated Luminosity 

Ultimate example, 25ns, 
no luminosity levelling 
8fb-1/day 

Turn-around time 

Developing model including all relevant effects 
•  Iterations required 
 
⇒  Can reach >2fb-1 with baseline 

⇒  1250fb-1 per 5 year run 

⇒  Can reach >8fb-1 with ultimate for ξ=0.03 
⇒  5000fb-1 per 5 year run 

⇒  Beyond ultimate need shorter turn-around 

Talk by X. Buffat 
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Parameters and Preliminary Layout
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5 
FCC-hh 
Daniel Schulte for the FCC-hh team 
Washington, March 2015 

First layout developed 
 
•  Two high-luminosity 

experiments (A and G) 

•  Two other experiments (F 
and H) 

•  Two collimation lines 

•  Two injection and two 
extraction lines 

•  Insertion lengths are based 
on first order estimates, will 
be reviewed as optics 
designs are made 

Preliminary Layout 
 
 

3 
FCC-hh 
Daniel Schulte for the FCC-hh team 
Washington, March 2015 

Two main experiments 
Baseline also two other experiments 
 
Baseline 
•  Promise 
•  Goal 250fb-1 per year 

•  2fb-1 per day 
•  focus on 25ns spacing 

Ultimate 
•  reasonable hope 
•  goal 1000fb-1 per year 
•  more emphasis on 5ns 

Assume 5 year operation cycles 
•  3.5 year run 
•  0.75-1.0 year for stops, MDs etc. 
•  70% efficiency 
•  625-700 effective days per year 
 

Parameters and Luminosity Target 

Baseline Ultimate 

Luminosity [1034cm-2s-1] 5 20 

Bunch distance [ns] 25 (5) 

Background events/bx 170 (34) 680 (136) 

Bunch charge [1011] 1 (0.2) 

Norm. emitt. [µm] 2.2(0.44) 

RMS bunch length [cm] 8 

IP beta-function [m] 1.1 0.3 

IP beam size [µm] 6.8 (3) 3.5 (1.6) 

Max ξ for 2 IPs 0.01 
(0.02) 

0.03 

Crossing angle [σ�] 12 Crab. Cav. 

Turn-around time [h] 5 4 
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Modularity and the Need for “Space”

7

FCC#Week####24"Mar"2015""""""""""MJS Lessons#from#SSC#and#VLHC

The “10F” Lattice
• “holes”, and the role of modularity in the final layout

14

i.e.,#Version#10,#subTversion#F#(1993)

• “free space” created in arcs
‣ “missing” dipoles in cells

FCC#Week####24"Mar"2015""""""""""MJS Lessons#from#SSC#and#VLHC

Modularity and “free space”
• Modularity and “free space” became very useful 

when finalizing the exact locations of shafts, utilities 
and service buildings

15

5/24/00 VLHC/MT Wkshp  --  MJS

Highway

Railroad trackHalf-cell locations

Ideal access point

??

Final acquired property

M.	
  Syphers
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LHC Experience

8

FCC Meeting, 23rd – 27th March 2015, Washington DC Oliver Brüning, CERN 7 

3) Worries from previous Experiences 
Field Quality and Dynamic Aperture (factor 2 prediction)  
ÎExcellent DA thanks to sorting 
     and manet quality! 
ÎExcellent Agreement for LHC  
     (No noise from PC and RF? 
      Excellent knowledge of optic?) 

Profiting of development of distributed computing for long term tracking simulations  
             (e.g. LHC@Home)  

FCC Meeting, 23rd – 27th March 2015, Washington DC Oliver Brüning, CERN 23 

5) Lessons Learned from Commissioning & Run I 

Machine reproducibility is key for high efficiency of the  
cleaning insertions and for Machine Protection  

Snap back and dynamic effects under control thanks to detailed 
magnet measurements (no need for reference magnets)  
Î LHC achieved very good machine reproducibility and  
     stability! 

Losses in the Dispersion Suppressor: 
Î Integrate already @ design stage collimators into the  
      dispersion suppressor 

O.	
  Bruning
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Report on SPPC

9

    A candidate is 
QinHuangDao (秦皇岛) 

CEPC –SPPC Site Selection 

Y. F. Wang 

300 km from Beijing 
3 hours by car; 1 hour by high-speed train  

4 

Parameter Value Unit 
Circumference 54.36 km 
C.M. energy 70.6  TeV 
Dipole field 20 T 
Injection energy  2.1  TeV 
Number of IPs 2 (4) 
Peak luminosity per IP 1.2E+35 cm-2s-1 
Beta function at collision 0.75 m 
Circulating beam current  1.0  A 
Max beam-beam tune shift per IP 0.006 
Bunch separation 25 ns 
Bunch population 2.0E+11 
SR heat load @arc dipole (per aperture) 56.9  W/m 

SPPC main parameters 

7 

J.	
  Tang
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ARC CELL  

# dipoles B max [T] Length [m] 

4368 15.90 14.3 

# quadrupoles G max/min 
[T/m] 

Length [m] 

812* 356/-356.26 6.29 

# sextupoles G max/min 
[T/m2] 

Length [m] 

700 -7144.37/ 
3551.32 

0.5    
(fixed) 

• quadrupole length results from the optimization 

6 B. Dalena, FCC week 2015 

* the number of quadrupoles includes the quads in the dispersion suppressor 

FCC-hh Lattice Design

10

Some Lattice parameters 

10 

Parameter value 

BU [T m] 166667 

J 53289 

Jtransition 97 

D 0.0001 

E* [m] 1.1 

Natural chromaticity x/y -196./-197. 

Equilibrium emittance*  
[m rad] 1e-12 

Hnorm/EJ [m rad] 4.1e-11 

Transverse/Longitudinal 
Damping time** [h] 2/1 

B. Dalena, FCC week 2015 
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ARC CELL  

# dipoles B max [T] Length [m] 

4368 15.90 14.3 

# quadrupoles G max/min 
[T/m] 

Length [m] 

812* 356/-356.26 6.29 

# sextupoles G max/min 
[T/m2] 

Length [m] 

700 -7144.37/ 
3551.32 

0.5    
(fixed) 

• quadrupole length results from the optimization 

6 B. Dalena, FCC week 2015 

* the number of quadrupoles includes the quads in the dispersion suppressor 

B.	
  Dalena



FCC	
  Week	
  	
  	
  	
  27	
  Mar	
  2015	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  MJS FCC-­‐hh	
  Summary

7
Parameter Symbol Proportionality Scaling

phase advance per cell µ 1

collider cell length L

c

R

1/2

bend angle per cell � = L

c

/R R

�1/2

quad strength (1/f ) q 1/L

c

R

�1/2

dispersion D �L

c

1

beta � L

c

R

1/2

tunes Q

x

, Q
y

R/� R

1/2

Sands’s “curly H” H = D

2/� R

�1/2

partition numbers J

x

/J

y

/J✏ = 1/1/2 1

horizontal emittance ✏
x

H/(J
x

R) R

�3/2

fract. momentum spread ��

p
B R

�1/2

arc beam width-betatron �
x,�

p
�✏

x

R

�1/2

-synchrotron �
x,synch. D�� R

�1/2

sextupole strength S q/D R

�1/2

dynamic aperture x

max

q/S 1

relative dyn. aperture x

max/�
x

R

1/2

pretzel amplitude x

p

�
x

R

�1/2

Table: Constant dispersion scaling is the result of choosing cell length
L / R1/2. The entry “1” in the last column of the shaded “dispersion”
row, indicates that the dispersion is independent of R when the cell
length L

c

varies proportional to
p

R with the phase advance per cell µ
held constant.

Scaling of Optics Design

11

6 Empirical C vs. E Scaling of Radiation-Dominated Circular Colliders
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Figure: Dependence of circumference on beam energy, both for
GeV-scale electron colliders, and for TeV-scale proton colliders of
magnetic field 12T or 15T.

R.	
  Talman
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IR Design Studies and Machine-Detector Interface

12

FCC-DF-27-Jan-2014 10 

50 m 

18 m 

65m  

30m  

80m  

Q1    TAS TAS  Q1 

7.5m  7.5m  

L* > 40m 

L* >40m allows the the triplet (Q1-Q3) and the triplet shielding (TAS) to be ‘hidden’ 
in the tunnel  
 
Æ very comfortable situation for cavern infrastructure and ALARA related items.    

          FCC week 2015, Washington, 24 March 2015, Andrei A. Seryi, JAI                           21 

Beta* reach studies 

R. Martin, et al 

Re-matched triplet 

Checking beam 
stay clear 

Initial results for stay clear vs beta*  

A.	
  Seryi
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Beam Screen and Photon Absorber

13

Vacuum, Surfaces & Coatings Group 
Technology Department 17 

LHC-like BS solution 

36 

Beam Screen with absorber 
Configuration 

Copper layer:  
• 0.3mm,  
• k ~ 700 W/(m.K),  
• sy = 70 MPa 

Cooling tube: 
• Heat transfer coefficient: 150 W/(K.m2) 
• Refrigerant temperature: 40 K 

P506:  
• 1 mm,  
• k ~ 6 W/(m.K),  
• sy = 1200 Mpa,  
• E: 240 GPa 

Slotted BS solution asymmetric 

Continuous slot 

V-shaped SR abs. 

A combined BS, made up of a LHC-like BS with a continuous slot and an “external” SR power 
absorber is proposed. 

C. Garion 

Reinforcement ribs: 
• Every 200mm 

33 

FCC week, 24 March 2015 

Discretization 

24 March 2015  |  TU Darmstadt  |  Fachbereich 18  |  Institut Theorie Elektromagnetischer Felder  | Uwe Niedermayer  |  4 
 

GMSH (Geuzaine et al.) 
triangular  mesh 

Thilo Egenolf, TU Darmstadt 

Meshing the whole 
structure is required 
only for extremely 
low frequency! 
 
Otherwise: Surface 
Impedance Boundary 
Condition (SIBC) 

2D Simulations in the Frequency 
Domain 

24 March 2015  |  TU Darmstadt  |  Fachbereich 18  |  Institut Theorie Elektromagnetischer Felder  | Uwe Niedermayer  |  5 
 

f=100Hz f=1MHz 

Horizontal 

Vertical 

▪ BeamImpedance2D, PYTHON code using FEniCS finite element toolbox 
(U. Niedermayer et al., to appear in PRSTAB)  

Vacuum, Surfaces & Coatings Group 
Technology Department 18 

Vacuum study 

C. Garion 

Beam Screen with absorber 

Monte Carlo simulations of photon 
distribution 

A gas density of around 1015 molecules/m3 is expected after 1 day at nominal 
current and energy. 

FCC week, 24 March 2015 

C.	
  Garion,	
  
U.	
  Niedermayer,	
  
et	
  al.
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Heat Loads & Beam Instabilities

14

Heat loads for 50 TeV, 25 ns beam in 
arc components 

5.3.2015 7 

Threshold SEY quite low, but 
higher than in LHC with  
(72b + 9e)*25 ns: 1.1  

Heat load above threshold larger than 
in LHC: 1 W/m with 1.15e11 p+ 

Threshold SEY higher than in 
LHC with (72b + 9e)*25 ns: 1.3. 
Heat load above threshold 
higher than LHC: < 1W/m 

In field-free region heat load 
depends only on total yield.  
For Y > 0.1 , heat load is relatively 
high, without clear threshold 

FCC-hh TFB: 25 ns -100 km option 
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relative emittance 
increase at injection 

blow-up factor 

injection value 
energy E 3300 GeV 

emittance (norm) H 2.2 mm 

injection error ainj 1 mm @ b=185 m ? 

increase w/o FB ainj
2/(2V2) (4.32) 

max increase of H ('H/H)max 0.05 

blowup factor FH < 11.6 x10-3 

ms100dec  W
de-coherence time 
(needs determination) 

Damping time 

FCC versus LHC: 
• smaller injection error 
• slower de-coherence ? 
• but faster instability 

? 

4 turns 

? 

5 turns 

6.7 turns 

10 turns 

Æ develop feedback algorithms for fast damping 

W.	
  Hofle

K.	
  Ohmi
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FCC Collimation — Scaling from LHC

15

Maria Fiascaris FCC week 24/03/2015

FCC collimation: our initial approach
• Very good performance of the collimation system so far: solid solution to start with!

• First conceptual solution for the betatron collimation at the FCC: 
scaled-up system derived from the present one

13

Optics and insertion lengths scaled up by a factor 5

• insertion length ~ 2.7 km
• collimator gaps (in mm): 0.84 x LHC gaps

LHC  IR7 - betatron cleaning FCC IR2 - betatron cleaning

Maria Fiascaris FCC week 24/03/2015

Cleaning inefficiency

17

Cleaning inefficiency vs. radial amplitude
number of particles 
above amplitude Ai 

number of particles 
absorbed in coll. system

Cleaning inefficiency vs. Δp / p
(off-momentum halo population)

Δp/p: relative momentum loss of protons 
after interaction in the collimators

Performance of the system characterized by a global cleaning inefficiency
• depends on collimator settings
• no need for machine aperture model

At LHC η< ~10-3 for A=10 σ 
(minimum mechanical aperture) 

η ~ 7·10-4

power load ~ 8 kW  

η ~ 1.2·10-4

power load ~ 1.4 kW 

Arc acceptance 
if beam screen w =13 mm

and peak Dx = 2 m

Assumed 
triplet aperture

Power loads on cold elements will depend on longitudinal distribution of losses

TCSGs

Dump insertion alternatives 

 
 

 
• Asymmetric insertion optics 

• Avoid asynchronous dumps by accepting single kicker 
erratic 

• High segmentation of kicker system (200-300 modules) 
• Asymmetric optics 

• to reduce oscillation from single kicker failure 
(small hor beta)  

• to reduce kicker strength  and dilute beam at absorbers (high 
betas at septum) 

24/03/2015 FCC Injection and Extraction 13 

SSC like 
Septum is part of extraction bump 
Use field free channel of septum to extract 
Need strong, good field quality septum 

 

M.	
  Fiascaris
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Beam Collimation Systems

16

Ralph Aßmann  | FCC Week |  25.3.2015 |  Page 20 

The dog-leg solution for p and ions… 

Lower energy particles, 
e.g. due to single-

diffractive scattering 

Collimators 

Off-energy dump 

Intercept 11 MW 

Ralph Aßmann  | FCC Week |  25.3.2015 |  Page 34 

Beta Beat Impact: Triple Primary Collimation 

45 deg 45 deg 

Primary losses always 
at a primary collimator 

Primary collimators 

R.	
  Assmann

Ralph Aßmann  | FCC Week |  25.3.2015 |  Page 31 

x 

x’ 

beam 

Solution 2: Solve Problem Beta Beat (twice betatron 
phase advance) 
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Energy Deposition Modeling

17

FCC Week, Washington, DC, March 23-27, 2015 FCC-hh: Beam Loss, IP Debris & MDI -  N.V.  Mokhov 23 

Summary 
• IP collision debris: dominant at multi-TeV pp colliders; 

hard to deal with but manageable up to HL-LHC. 
Challenging at FCC-hh – especially in its Phase II - for 
inner triplet, neutral beam dump and beyond. The FCC-hh 
inner triplet based on large-aperture cos-theta Nb3Sn 
quads with a room for thick tungsten inserts is a solution 
with R&D on rad-hard insulation! 20-T HTS schemes also 
deserve consideration for IT quads 

• Machine-induced backgrounds: manageable for multi-TeV 
proton beams with appropriate multi-component 
collimation systems far from IP and in the IP vicinity 

• Full simulations for FCC-hh are needed in iterations with 
detector, IR lattice and magnet designers 

FCC Week, Washington, DC, March 23-27, 2015 FCC-hh: Beam Loss, IP Debris & MDI -  N.V.  Mokhov 7 

SyncRad Modeling in FCC-hh Arcs   

MARS15-modelled synchrotron photon emission: 
~30 W/m/aperture deposited by keV electrons in 
dipole beam-pipe  (slits in dipoles and photon 
absorbers in interconnect regions, see my talk at 
the magnet session) 

16-T dual-aperture Nb3Sn 
dipole with Ti-collar, in 1-m 
diameter cryostat envelope 
(A. Zlobin) 

M.	
  Besana

N.	
  Mokhov
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Setting the Beam-Beam “Limit”

18

FCC beam dynamics challenge – beam power 

2/11/2015 V.Shiltsev | FCC Beam-Beam Effects 03/24/2015 5 

8.4 GJ of stored beam energy (x20 LHC) FCC 

Summary 
• Beam-beam effects might appear “not bad” in FCC: 

– ξBB ~0.01 is “conservative”… visible SR damping… 
• But they can/will be worse than in the Tevatron, 

RHIC and LHC due to: 
– Enormous beam power Æ very low loss tolerances 
– Lower betatron frequencies Æ larger noises 
– Longer IRs and L* Æ more long-range beam-beam 

• We are at the very beginning of comprehensive 
beam studies: 
– “trustable” simulations checks vs LHC/RHIC realities 

• Counter-measures must be in the FCC design: 
– Compensation: e-lenses and e-wires 

2/11/2015 V.Shiltsev | FCC Beam-Beam Effects 03/24/2015 16 

V.	
  Shiltsev
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Luminosity Evolution; Heavy Ions

19

  

Ultimate configuration

Parameter Nominal Ultimate

Energy [TeV] 50

Length [km] 100 

Bunch intensity [p] 1011

Normalised emittance [μm] 2.2 

Nb. bunches 10'600

Target luminosity [cm-2s-1] 5·1034 2·1035

Bunch length [cm] 8 

ξ
tot

0.01 0.03

Turn around [h] 5 4

Number of IPs 2

β* [m] 1.1 0.3

Long-range beam-beam 
separation [σ]

12 Crab 
Cavity

BFPP1 Beam Power in Pb-Pb for FCC-hh 

J.M. Jowett, M. Schaumann, FCC Week 2015, Washington DC, 24 March 2015 25 

Countermeasures 
(e.g., DS collimators) 
have to be considered 
in initial lattice & 
hardware design. 

FCC-PbPb 

nominal LHC: P ≈ 26W 
→ already expected to cause operational problems and poaaible long-term damage 

4.1 PeV

BFPP1 Beam power:  1.7 kW (peak)cP L EV |

X.	
  Buffat

J.	
  Jowett

FCC-­‐eh
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Overall Parameter Optimization

20

PSR<10 W/m/beam peak               
tL > 2 tsr       

Int/cross < 60 

L units 1034 cm-2s-1

SSC

VLHC-­‐II

FCC

	
  LHC

VLHC-­‐I
Would	
  be	
  useful	
  
to	
  repeat	
  similar	
  
studies,	
  now	
  
almost	
  15	
  years	
  
later,	
  with	
  today’s	
  
“constraints”

P.	
  Bauer,	
  et	
  al.	
  (VLHC	
  Study,	
  c.	
  2003)
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A Short List of Key Issues for Further Study
• Optics and Layout
‣ Optics “module” development
‣ IR design; flat beam optics options; MDI issues 

• Parameter interdependencies and optimization
‣ Overall parameter optimization
‣ Luminosity leveling procedures, algorithms
‣ Collimation system strategies
‣ Corrector/adjustment system strategies
‣ Injection/extraction design
‣ Requirements pertinent to heavy ion operation

21
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A Short List of Key Issues for Further Study [2]
• Field quality, error analyses, adjustment systems
• Beam/environment interactions (beam screen, 

vacuum, impedances, etc.)
• Energy deposition and loss control/mitigation
‣ Noise, emittance growth, lifetime and loss rates
‣ Losses, energy deposition, protection
‣ Cleaning inefficiency; full system optimization
‣ Sacrificial protection for injection/extraction?
‣ True beam-beam limit

• Feedback systems and algorithms
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A Short List of Key Issues for Further Study [3]
• Beam instrumentation and diagnostics
• RF requirements
• Availability issues; turn-around time
• Sorting strategies, acceptance strategies
• …

• General Tool Development
‣ particle tracking, dynamic aperture, etc.
‣ optimization algorithms; design codes, …
‣ scripts, integrated models, visualization tools, …
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A Short List of Key Issues for Further Study [4]
• Possible beam experiments
‣ modeling code/calculation verifications, etc.

• Note:  Collider design requires close interplay and 
feedback between hardware R&D and beam physics 
studies

• Note:  Strongly encourage junior colleague 
participation in all AP studies
‣ it will be their collider
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Going Forward
• The U.S. has much to convey to the FCC studies, 

including accelerator physics and design optimization
‣ 25 years of 2-TeV collider operation (Tevatron)
‣ 10 years studying, designing, and (partially) 

constructing a ~90 km, 40 TeV collider project (SSC)
‣ >5 - year study of a 40-200 TeV-scale collider (VLHC)
‣ 10-15 years with LHC (LARP, in the least)

• Technology challenges should be the main thrust in the 
U.S., as well as Accelerator Physics efforts that will 
help to guide these future activities of the FCC
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Thank	
  you	
  for	
  your	
  participation!

… …


