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topics

• LUMI’06 conclusions
• possible LHC+ bunch structures
• heat load & cooling capacity
• integrated luminosity
• 12.5 ns at lower bunch charge
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APD workshop APD workshop ‘‘LUMI 06LUMI 06’’ (70 participants)(70 participants)
Towards a Roadmap for the Upgrade of the Towards a Roadmap for the Upgrade of the 

LHC and GSI Accelerator ComplexLHC and GSI Accelerator Complex
IFIC, Valencia (Spain), 16IFIC, Valencia (Spain), 16--20 October 200620 October 2006

→→ strong synergy with USstrong synergy with US--LARP mini collaboration meeting 25LARP mini collaboration meeting 25--27 Oct. 2006 27 Oct. 2006 

IR scheme, beam parameters, injector upgrade IR scheme, beam parameters, injector upgrade 
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IR upgrade & beam parameters:
1) quadrupole 1st preferred over dipole 1st

2) pushed NbTi or Nb3Sn still pursued, or hybrid solution - new
3) slim magnets inside detector (“D0 and Q0”) – new
4) wire compensation almost established, electron lens – new
5) crab cavities: large angle rejected; small-angle – new
6) 12.5 ns strongly deprecated
7) e-cloud/pile-up compromise: 

25-ns w β*~10 cm, or 50-ns spacing long bunches – new
injector upgrade:
1) linac4/SPL & n.c. PS2 endorsed 
2) SPS enhancements
3) s.c. PS2+ challenged; e.g., e-cloud could be serious problem 

for injectors - new

LUMILUMI’’06 Conclusions06 Conclusions
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not so short bunches & 
near head-on collision

triplet magnetsD0 dipole

D0 dipole deep inside detector (e.g., ~3 m from IP)

Q0 doublet deep inside detector (7.5 or 13 m from IP)

short bunches & “minimum”
crossing angle & wire

wire
compensator

triplet magnets
Q0 doublet

triplet quads
much easier,
less Q’,
could be 
combined
with D0

less LR
collisions.
no geometric
lumi. loss

small-angle

crab cavity

Example IR Layouts
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bunch structures

25 ns

nominal & ultimate LHC

~12.5 ns

more & shorter bunches 

concerns:
e-cloud,
LRBB,
impedance
heating

50 ns

concerns:
event pile up
impedance

longer (&fewer) bunches

transitions by bunch merging or splitting;
new rf systems required for cases 1 and 3 

plus:
can use crab cavities
event pile up tolerable

plus:
no e-cloud?
less current 

25 ns
bigger & shorter OR 
more focused bunches 

concerns:
impedance heating,
LR compensation,
aberrations

plus:
limited e-cloud
limited pile up 
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electron cloud in the LHC

schematic of e- cloud build up in the arc beam pipe,
due to photoemission and secondary emission;
electrons transfer energy from beam to chamber
wall [Courtesy F. Ruggiero]
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1.261.820.031.822.08
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cooling 
remaining for e-
cloud
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Pcool
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local cooling 
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13.34 
(7.85)1.04 (0.6)

1.07 
(0.44)P [W/m]

simulated e-c
heat for SEY=1.4 
(1.3)

1.140.582.370.580.32
PSR + PIC 
[W/m]

total BS heat 
load w/o e-cloud

0.360.250.50.250.17
PSR
[W/m]

SR heat load 
4.6-20 K

1.87

12.5 ns

0.15

nominal

PIC
[W/m]

symbol

0.780.330.33
image current 
heat 

50 ns, long 25 ns, smaller β*ultimateparameter

zoom on heat load

* L. Tavian, LUMI’06 OKNot
feasible
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run time & integrated luminosity
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σσ collisions, gas scattering

intensity evolution for collisions only

intrabeam scattering (IBS) growth 

burn-off collision lifetime with σ~100 mbarn, nIP~2: 
Lpeak=1034 cm-2s-1 in 2808 bunches, Nb~1.15x1011: 

τ~45 h (luminosity lifetime 22 h)
Lpeak=1035 cm-2s-1 in 5616 bunches, Nb~1.7x1011: 

τ~14 h (luminosity lifetime 7 h)
τgas > 100 h (luminosity lifetime 50 h)
τIBS~105 h (horizontal emittance growth time; 

luminosity lifetime 210 h)

burn-off dominates over gas scattering and IBS
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effective 
decay 
time

smaller β* allows for lower beam current in LHC, but increases 
events/crossing & it reduces the beam & luminosity lifetimes
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2.32.42.70.910.46Leff [1034
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88
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15.0

45
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Trun,opt
[h]

τeff [h]

symbol

10.74.629effective beam 
decay time

7.34.612.0

34029644max. # events / 
crossing

50 ns, long 25 ns, smaller β*ultimateparameter

zoom on decay time & integrated luminosity
for various options
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could 12.5 ns at lower bunch charge be of interest?
e.g., if bunch charge is limited
or problem with high pile up

cooling
limit

Nb~3x1010, ~3 events/cross.,L~3x1033cm-2s-1
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could 12.5 ns become possible for smaller δmax ?

cooling
limit

3 values of
elastic e-
reflection R

No! Heat above cooling limit even at δmax=1.0, for any R

total heat, Nb=1.7x1011
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appendix

• luminosity formulae & constraints
• luminous region
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ε limited by arc aperture and field quality at injection
β∗ limited by final triplet aperture & crossing angle

& long-range beam-beam & collimation 
& chromatic correction (& beam lifetime)

θc limited by geometric luminosity loss & long-range 
collisions & triplet aperture & triplet field errors

nbNb ~ total current, limited by collimation, machine
protection, beam dump 

nb limited by electron cloud heating 
Nb limited by image-current heating & collimation &

pile-up events

there are many parameter constraints, for example
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luminosity reduction factor

nominal LHC

nominal crossing angle “at the edge”
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φ
πγε

+≈Δ pb
bb

rN
Q

ΔQbb < 0.01- 0.015 , beam-beam limit for 
hadron colliders (from           experience)SpSp

total beam-beam tune shift at two 
IPs with alternating crossing 

another important constraint is the (head-on) beam-beam 
tune shift
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for operation at the beam-beam limit
luminosity equation can be rewritten as

IR upgrade

injector upgrade

LHC +
injector
changes

LHC+
injector
changes
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σσ
rms length of luminous region

due to the crossing angle, colliding long 
bunches does not mean the events are spread 
out over a large area

3.52.52.14.34.5σl [cm]

50 ns25 ns, low β*12.5 nsultimatenominal

luminous region is largest for nominal LHC


