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Beam-beam interactions 

ÅTransverse fields of ultra-relativistic bunch  
ðfocus the incoming beam (electric and magnetic force add) 

ðreduction of beam cross-section leads to more luminosity 
ÅHD  -  the luminosity enhancement factor 

ðbending of the trajectories leads to emission of 
beamstrahlung 

g 
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Parameters of ILC BDS 
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Hour-glass effect 

Size: (e b)1/2  

 Angles: (e/b)1/2  

S 

IP  
Size at IP:  L*  (e/b)1/2   

Beta at IP:   
L*  (e/b)1/2  = (e b* )1/2  

  =>  b* = L*2 /b 

Behavior of beta -function 
along the final drift:  
 
( b ) 1/2  = ( b* + S2 / b*) 1/2 

sz /b
* = 0.5 ; 1 ; 2 

Reduction of b*  below sz does 
not give further decrease of 
effective beam size ( usually) 
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Beam-beam: Travelling focus 

ÅSuggested by V.Balakin ð idea is to use beam-beam 
forces for additional focusing of the beam ð allows 
some gain of luminosity or overcome somewhat the 
hour-glass effect 

ÅFigure shows simulation of traveling focus. The arrows 
show the position of the focus point during collision 

ÅSo far not yet used experimentally 
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Beam-beam: Crabbed-waist 

ÅSuggested by P.Raimondi for Super-B factory 

ÅVertical waist has to be a function of X. In this case 
coupling produced by beam-beam is eliminated  

ÅExperimentally verified at DAFNE 
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Fields of flat bunch, qualitatively 

~sy 

~sx 

1/r 

const 

field 

y 

y 

x 

Using Gauss theorem  

( Ú E ds = 4pQ),  

the max field is  

E~ eN/(sx sz) 
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Disruption parameter 

ÅFor Gaussian transverse beam distribution, and for 
particle near the axis, the beam kick results in the final 
particle angle: 
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x x
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ÅòDisruption parameteró ð characterize focusing strength of the 
field of the bunch  (Dy ~ sz/fbeam) 

ÅD << 1 ð bunch acts as a thin lens 

ÅD >> 1 ð particle oscillate in the field of other bunch 
ðIf D is bigger than ~20, instability may take place 
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Beam-beam effects 
HD and instability 
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Beam-beam effects 
HD and instability 

LC parameters  
Dy~12 
 
Luminosity 
enhancement  
HD ~ 1.4 
 
Not much of an 
instability  
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Beam-beam effects 
HD and instability 

Nx2  
Dy~24  
 
Beam-beam  
instability is 
clearly 
pronounced 
 
Luminosity 
enhancement is 
compromised by 
higher 
sensitivity to 
initial offsets  
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Sensitivity to offset at IP 

ÅLuminosity (normalized) versus offset at IP for 
different disruption parameters 
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Beamstrahlung 

ÅSynchrotron radiation in field of opposite bunch 

ÅEstimate R of curvature as R ~ sz
2
 /(Dysy) 

ÅUsing formulas derived earlier, estimate wc and find that  
hwc/E ~gNre

2/(asxsz) and call it òUpsilonó 

 

 

 

ÅThe energy loss also can be estimated from earlier derived 
formulas: dE/E ~ gre

3 N2 / (sz sx
2 )  

ðThis estimation is very close to exact one 

ÅNumber of g per electron estimated ng/e ~ areN/sx  
ðwhich is usually around one g per e 

( )

25

6
e

avg

z x y

Nr g

as s s
  º

+
More accurate formula: 
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Classical and quantum regime 

ÅThe òupsilonó parameter, when it is <<1, has meaning 
of ratio of photon energy to beam energy 

ÅWhen Upsilon become ~1 and larger, the classical 
regime of synchrotron radiation is not applicable, and 
quantum SR formulas of Sokolov-Ternov should be 
used.  

ÅSpectrum of  
SR change é 
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Incoherent* production of pairs 

ÅBeamstrahling photons, particles 
of beams or virtual photons 
interact, and create e+e- pairs 

Breit-Wheeler 
process 
gg Ą e+e- 
 
Bethe-Heitler 
process 
eg Ą ee+e- 
 
 
Landau-Lifshitz 
process 
ee Ą eee+e- 
 

*) Coherent pairs are generated 
by photon in the field of opposite bunch. 
It is negligible for ILC parameters. 
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Deflection of pairs by beam 

ÅPairs are affected by the 
beam (focused or defocused)  

ÅDeflection angle and Pt 
correlate  

ÅMax angle estimated as 
(where Í is fractional 
energy): 
 
 
 

ÅBethe-Heitler pairs have 
hard edge, Landau-Lifshitz 
pairs are outside 
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Deflection of pairs by 
detector solenoid 

ÅPairs are curled by the 
solenoid field of detector 

ÅGeometry of vertex 
detector and vacuum 
chamber chosen in such a 
way that most of pairs (B-
H) do not hit the apertures 

ÅOnly small number (L-L) of 
pairs would hit the VX 
apertures 

Z(cm) 
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Use of anti-DID to direct pairs 

anti-DID case 

Anti-DID field can be used 
to direct most of pairs into 
extraction hole and thus 
improve somewhat the 
background conditions 

Pairs in IR region 
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Overview of beam-beam parameters (Dy, dE ,  ) 

ÅLuminosity per bunch crossing. HD ð 
luminosity enhancement 
 

ÅòDisruptionó ð characterize focusing 
strength of the field of the bunch  
(Dy ~ sz/fbeam) 
 

ÅEnergy loss during beam-beam collision 
due to synchrotron radiation 
 

ÅRatio of critical photon energy to beam 
energy (classic or quantum regime)  
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Beam-beam deflection 

Sub nm offsets at IP cause large well detectable offsets 
(micron scale) of the beam a few meters downstream   
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Beam-beam deflection 
allow to control collisions 
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Beam-Beam orbit feedback 

use strong beam-beam kick to keep beams colliding 
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ILC intratrain simulation  

[Glen White] 

ILC intratrain 
feedback (IP 
position and 
angle 
optimization), 
simulated with 
realistic errors in 
the linac and 
òbananaó 
bunches. 
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Optics for outgoing beam 

Extraction optics need to handle the beam with ~60% energy 

spread, and provides energy and polarization diagnostics 

100 

GeV 

250 

GeV 

ñlow Pò 

ñnominalò 

Beam spectra 
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Beam dump 

Å17MW power (for 1TeV CM)  

ÅRastering of the beam on 30cm double window 

Å6.5m water vessel; ~1m/s flow 

Å10atm pressure to prevent boiling  

ÅThree loop water system 

ÅCatalytic H2-O2 recombiner 

ÅFilters for 7Be 

ÅShielding 0.5m Fe & 1.5m concrete 
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Beam dump design updates 

D. Walz , J. Amann, et al, SLAC  

P. Satyamurthy, P. Rai, V. Tiwari, K. Kulkarni, 

BARC, Mumbai, India 

Temperature 

distribution across the 

cross-section of the 

End plate 

Maximum temperature variation as a function of time at z = 

2.9m ſ 8.1Xo  ( Maximum temperature = 1550C) 

Velocity 

contours 

(inlet 

velocity: 

2.17m/s, 

mass flux: 

19kg/m/s) 

Window temperature 

distribution just when the beam 

train completes energy 

deposition. (Max temp : 570C) 

From IPAC10 paper 
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Beam Delivery & 
MDI elements 

14mr IR 

Final Focus 
E-spectrometer 

polarimeter 

Diagnostics 

Tune-up dump 

Beam 

Switch 

Yard 

Sacrificial  

collimators 

Extraction with 

downstream diagnostics 

grid: 100m*1m 

Main dump 

Muon wall 

Tune-up & emergency 

Extraction 

IR Integration 

Final Doublet 

1TeV CM, single IR, two detectors, push-pull   

Collimation: b, E 

Å Very forward region 

ÅBeam-CAL 

ÅLumi-Cal 

ÅVertex 
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ILC BDS Optical Functions 
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BDS & MDI Configuration Evolution 
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Head on 

20mrad 

Å Evolution of BDS MDI configuration  

Å  Head on; small crossing angle; large crossing angle 

  

Å MDI & Detector performance were the major criteria for selection of more optimal 

configuration at every review or decision point 

 

1) Found unforeseen losses of beamstrahlung photons on extraction septum blade 

2) Identified issues with losses of extracted beam, and its SR; realized cost non-

effectiveness of the design 

Head on 

20mrad 

Head on 

20mrad 

2mrad 

G
D

E
 re

v
ie

w
s 

14mrad 

1) 
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Baseline Baseline Baseline 

BCR BCR 
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Evolution of ILC Detectors 
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LDC 

GLD 

SiD 

4th 

ILD validated 

SiD validated 

ILD 

Technical design of 

detectors and R&D for 

critical sub-systems 

Å Evolution, self-review and selection process 

are essential for meeting the challenging 

detector requirements motivated by physics 

Å Triggerless event collection (software 

event selection) 

Å Extremely precise vertexing 

Å Vertex, tracker, calorimeters integrated for 

optimal jet reconstruction 
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detector 

B 

may be 

accessible 

during run 

accessible 

during run Platform for electronic 

and services. Shielded. 

Moves with detector. 

Isolate vibrations. 

Concept of single IR with two detectors 

The concept is evolving 

and details being 

worked out 

detector 

A 
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Concept of detector systems connections 

fixed 

connections 

long flexible 

connections 

detector 
detector service platform 

or mounted on detector 

high V AC 

high P room T He 

supply & return 

chilled water  

for electronics 

low V DC for 

electronics 

4K LHe for solenoids 

2K LHe for FD 

high I DC for 

solenoids 

high I DC for FD 

gas for TPC 
fiber data I/O  

electronics I/O 

low V PS 

high I PS 

electronic racks 

4K cryo-system 

2K cryo-system 

gas system 

sub-detectors 

solenoid 

antisolenoid 

FD 

move together 
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IR integration 

(old location) 

Final doublet magnets 

are grouped into two 

cryostats, with warm 

space in between, to 

provide break point for 

push-pull 
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ÅInteraction region uses compact self-shielding SC magnets 

ÅIndependent adjustment of in- & out-going beamlines 

ÅForce-neutral anti-solenoid for local coupling correction  
 

Shield ON Shield OFF 
Intensity of color represents 
value of magnetic field. 

to be prototyped 

during EDR 

new force neutral antisolenoid 

          Actively 

shielded QD0 

BNL 
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cancellation of the external field with a shield coil has been 

successfully demonstrated at BNL 

BNL prototype of self shielded quad 

prototype of sextupole-octupole magnet 

Coil integrated quench heater  

IR magnets 
prototypes at 

BNL 

winding process 
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ÅDetailed engineering design of 
IR magnets and their 
integration has started Service 

cryostat & cryo 

connections 

BNL 
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Present concept of cryo connection 

B.Parker, et al 
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photos courtesy CERN colleagues 

Detector assembly 

ÅCMS detector assembled 
on surface in parallel with 
underground work, 
lowered down with rented 
crane 
ÅAdopted this method for 

ILC, to save 2-2.5 years 
that allows to fit into 7 
years of construction 
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250mSv/h 

Shielding the IR hall 

Self-shielding of GLD Shielding the ñ4thñ 

with walls 
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Pacman design 

John Amann 

Pac Man Open 

Pac Man Closed 

Beam Line Support Here 

CMS shield opened 

Considered tentative versions 

SLD pacman open 
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Example of system where initially 
different designs converged on a 
single compatible solution:  
CMS-Inspired Hinged PacMan 
w/ Cut-outs for ILD Pillar and Plugs 

SiD ILD 

M.Oriunno, H.Yamaoka, A.Herve, et. al 
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Moving the 
detector 

Air-pads at CMS ï move 2000k pieces 

5000 ton Hilman roller module 

Is detector (compatible with on-

surface assembly) rigid enough 

itself to avoid distortions during 

move? 

 

Concept of the platform to move ILC 

detector 
A.Herve, H.Gerwig, at al 
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Moving the detector 
Air-pads at CMS ï move 2000k 

Concept of the platform, A.Herve, H.Gerwig 

J.Amann 
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Example of MDI issues: moving detectors 

CMS platform ð proof of principle for ILC 

Detector motion system with 

or without an intermediate platform 

Detector and beamline shielding elements 
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Configuration of IR tunnels and halls 

Alain Herve et al 
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All detectors without / with platform 
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Half Platform w/ Pocket Storage 

A.Herve, M.Oriunno, K,Sinram, T.Markiewicz, et al 
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Preliminary  
ANSYS analysis of Platform 

ÅFirst look of platform stability look rather promising: 
resonance frequencies are rather large (e.g. 58Hz) 
and additional vibration is only several nm  

Normal mode, 58 Hz 
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Detector stability analysis (SiD) 

ÅFirst analysis shows 
possibilities for optimization 
ðe.g. tolerance to fringe field => 

detector mass => resonance 
frequency 

Global FE Model 

First vertical motion 

mode, 10.42 Hz 
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M.Oriunno 

Free vibration modes of SiD 
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QD0 supports in ILD and SiD 
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Hiroshi Yamaoka, 

KEK 

Stability studies at BELLE 



BDS: 58 

CMS top of Yoke measurement 

 PSD of the signals Vertical direction 

Geophones 

PSD of the signals Beam direction 

Cooling system OFF Detector vibrations and QD0 support   

Alain Herve (ETH Zurich) 
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Longer L* Ą Simplified MDI? 

ÅIf doubled L* is feasible and acceptable then the MDI may be simplified 
tremendously  

» and cost is reduced ð do not need two extra sets of QD0 

Å An option of later upgrade for shorter L* may always be considered 
Å Has to be studied further 
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Doubled L* perhaps necessary for CLIC, where 
the FD stability requirement is ~0.1 nm 

Discussed at CLIC08 
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CLIC BDS & L* 

IPAC10 
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New concept of CLIC push-pull 
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New Low P parameter set 
  Nom. RDR Low P RDR new Low P new Low P new Low P new Low P 

Case ID 1 2 3 30 4 5 

E CM (GeV) 500 500 500 500 500 500 

N 2.0E+10 2.0E+10 2.0E+10 2.0E+10 2.0E+10 2.0E+10 

nb 2625 1320 1320 1320 1105 1320 

F (Hz) 5 5 5 5 5 5 

Pb (MW) 10.5 5.3 5.3 5.3 4.4 5.3 

geX  (m) 1.0E-05 1.0E-05 1.0E-05 1.0E-05 1.0E-05 1.0E-05 

geY (m) 4.0E-08 3.6E-08 3.6E-08 3.6E-08 3.0E-08 3.0E-08 

bx (m) 2.0E-02 1.1E-02 1.1E-02 1.1E-02 7.0E-03 1.5E-02 

by (m) 4.0E-04 2.0E-04 2.0E-04 1.0E-04 1.0E-04 1.0E-04 

Travelling focus No No Yes Yes Yes Yes 

Z-distribution * Gauss Gauss Gauss Flat Flat Flat 

sx (m) 6.39E-07 4.74E-07 4.74E-07 4.74E-07 3.78E-07 5.54E-07 

sy (m) 5.7E-09 3.8E-09 3.8E-09 2.7E-09 2.5E-09 2.5E-09 

sz (m) 3.0E-04 2.0E-04 3.0E-04 3.0E-04 5.0E-04 2.0E-04 

Guinea-Pig  dE/E 0.023 0.045 0.036 0.036 0.039 0.038 

Guinea-Pig L (cm-2s-1) 2.02E+34 1.86E+34 1.92E+34 1.98E+34 2.00E+34 2.02E+34 

Guinea-Pig Lumi in 1% 1.50E+34 1.09E+34 1.18E+34 1.17E+34 1.06E+34 1.24E+34 

*for flat z distribution the full bunch length is sz*2*31/2 

Travelling focus allows 

to lengthen the bunch 

 

Thus, beamstrahlung 

energy spread is reduced 

 

Focusing during collision 

is aided by focusing of 

the opposite bunch 

 

Focal point during 

collision moves to 

coincide with the head of 

the opposite bunch 
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Beam-beam: Travelling focus 

Å Suggested by V.Balakin in ~1991 ð idea is to use beam-beam forces for 
additional focusing of the beam ð allows some gain of luminosity or 
overcome somewhat the hour-glass effect 

Å Figure shows simulation of traveling focus. The arrows show the position of 
the focus point during collision 

Å So far not yet used experimentally 
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Case 4: even Low P, TRAV_FOCUS, FLAT_Z Collision with travelling focus  
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L
,E

3
4 

E CM 

1/E 

0.5/E 

0.25/E 

0.5/E 

SB2009 Lumi 

Actual luminosity 

Rate at IP = 2.5Hz, 

Rate in the linac = 

5Hz (every other 

pulse is at 

150GeV/beam, for 

e+ production) 

 

Low luminosity 

at this energy 

reduces the 

physics reach 
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L
,E

3
4 

E CM 

1/E 

0.5/E 

0.25/E 

0.5/E 

SB2009 Lumi 

Actual luminosity 

Recover L due to tighter 

focusing & TF 

Degradation due to 

collimation depth 
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ÅThe travelling focus can be created in two ways.  

ÅThe first way is to have small uncompensated chromaticity and 
coherent E-z energy shift dE/dz along the bunch. One has to 
satisfy dE k L*

eff = sz where k is the relative uncompensated 
chromaticity. The dE needs to be 2-3 times the incoherent 
spread in the bunch. Thus, the following set may be used: 
dE=0.3%, k=1.5%, L*

eff =6m. 

ÅIt is clear that additional energy spread affect the physics. 
Therefore, second method is considered: 
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Å The second way to create a travelling focus is to use a transverse deflecting 
cavity giving a z-x correlation in one of the FF sextupoles and thus a z-
correlated focusing 

Å The cavity would be located about 100m upstream of the final doublet, at 
the p/2 betatron phase from the FD 

Å The needed strength of the travelling focus cavity can be compared to the 
strength of  the normal crab cavity (which is located just upstream of the 
FD):  
ðUtrav.cav./Ucrab.cav. = hFD R12

cc/ (L*
eff qc R12

trav).  
ð Here hFD is dispersion in the FD, qc full crossing angle, R12

trav and R12
cc are 

transfer matrix elements from travelling focus transverse cavity to FD, and from 
the crab cavity to IP correspondingly.  

Å For typical parameters hFD =0.15m, qc =14mrad. R12
cc =10m, R12

trav =100m, 
L*

eff =6m one can conclude that the needed strength of the travelling focus 
transverse cavity is about 20% of the nominal crab cavity.  
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Å One option would be to have a separate FD 

optimized for lower E, and then exchange it before 

going to nominal E 

Å Other option to be studied is to build a universal 

FD, that can be reconfigured for lower E 

configuration (may require splitting QD0 coil and 

placing sextupoles in the middle)  

FD optimized for lower energy will allow 

increasing the collimation depth by ~10% in Y 

and by ~30% in X  (Very tentative!) 

FD for low E 

Nominal FD & SR trajectories 

FD for 1/2E & SR 

trajectories 
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SB2009 Lumi 

Linac  rate 10Hz 

(IP rate 5Hz)  

and special FD 

Linac  & IP rates 

are 8Hz 
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ATF2 

Test facilities: ESA & ATF2 

ESA: machine-detector tests; 

energy spectrometer; collimator 

wake-fields, etc. 

ATF2: prototype FF, develop 

tuning, diagnostics, etc.  
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BDS beam tests at ESA 

Study:  

BPM energy spectrometer 

Synch Stripe energy spectrometer 

Collimator design, wakefields 

IP BPMs/kickersðbackground studies 

EMI (electro-magnetic interference) 

Bunch length diagnostics 
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Collimator Wakefield study at ESA 

ÅSpoilers of different 
shape investigated at 
ESA (N.Watson et al) 

ÅTheory, 3d modeling 
and measurements 
are so far within a 
factor of ~2 
agreement 
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ATF and 
ATF2 
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Accelerator Test Facility, KEK 
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ATF2 goals 
(A) Small beam size 

Obtain sy ~ 35nm 
Maintain for long time 

(B) Stabilization of beam center  
  Down to < 2nm by nano-BPM  
  Bunch-to-bunch feedback of ILC-like train 

ATF2 ð 
model 
of ILC 
BDS 

Scaled down model of ILC final 
focus (local chromatic correction) 
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ATF collaboration & ATF2 facility 
Å ATF2 will prototype FF, 
Å help development tuning 

methods, instrumentation (laser 
wires, fast feedback, submicron 
resolution BPMs),  

Å help to learn achieving small size 
& stability reliably,  

Å potentially able to test stability of 
FD magnetic center.  

Å ATF2 is one of central elements of BDS EDR 
work, as it will address a large fraction of 
BDS technical cost risk.  

Å Constructed as ILC model, with in-kind 
contribution from partners and host 
country providing civil construction 

Å ATF2 commissioning will start in Autumn of 
2008 


