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Baseline Scenario for theBaseline Scenario for the
LHC Luminosity UpgradeLHC Luminosity Upgrade

Summary of CARE-HHH LHC-LUMI-06Summary of CARE-HHH LHC-LUMI-06

(concentrating on magnet-related issues)(concentrating on magnet-related issues)

Thanks to Frank Zimmermann, Walter Scandale and
Jean-Pierre Koutchouk for supplying essential material
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CARE-HHH APD workshop CARE-HHH APD workshop ‘‘LUMI 06LUMI 06’’
 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), 16-20 October 2006IFIC, Valencia (Spain), 16-20 October 2006

• about 70 participants
( including 13 from US-LARP and 2 from KEK)

• 53 presentations, 10 discussions, 4 posters

topics:topics:
•• interaction-region upgradeinteraction-region upgrade
•• beam parametersbeam parameters
•• intensity limitationsintensity limitations
•• injector upgradeinjector upgrade
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Walter Scandale: Walter Scandale: statusstatus of upgrade of upgrade
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The plans for a (× 10) luminosity upgrade assume:
• × 2 by increasing the bunch charge from 1.15 to 1.7 1011

• × 2 by doubling the number of bunches
• × 1.5 by reducing the bunch length ( harmonic RF system)
• × 1.5 with a stronger focusing

(Now excluded: large angle crab crossing, long bunches,
…)

Increasing the beam current is difficult in a collider):
• It couples with all limits (beam instabilities, heat load,
…)
• For the LHC, it increases hazards due to beam losses 

(collimation, machine protection)

• Experience shows that to improve luminosity is hard…

• Also NB: the present limit to ~ 40% of the nominal current
due the collimator impedance, which is related to the 

insertion quadrupole inner diameter.
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Per Grafstrom: ATLAS Perspective of Upgrade

•• Inner detector - high luminosity upgrade issuesInner detector - high luminosity upgrade issues

-  -  luminosity x 10 luminosity x 10 ⇒⇒  most sensors die in a couple of months  most sensors die in a couple of months
⇒⇒ 10 000 charged particles in  10 000 charged particles in ηη < 3.2 < 3.2

 The TRT will have occupancy close to 100% The TRT will have occupancy close to 100%

 ⇒⇒ need a complete replacement
i.e. a NEW Inner Detector !

• Need to reduce background
replace SS beam pipe with Al or Be beam pipe

•  There are potential slots for “slim” magnets inside ATLAS
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Jordan Nash: CMS Perspective of Upgrade

•• Roadmap for tracker/trigger upgradesRoadmap for tracker/trigger upgrades

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

New  Layers Concept New ROC/New Sensor Fabricate Install

Full Tracker Monte Carlo Concept New ROC/New Sensor Fabricate

• Upgrade to full new tracker in 8-10 years (for SLHC)

NB: Both experiments emphasize
“We want maximum annual integrated
luminosity at minimum peak luminosity”
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Jim Strait: LHC Upgrade from a US Perspective

• LHC program, including LHC upgrade, is high-priority
component of US HEP program.

• US participates in R&D towards upgrades of experiments
(ATLAS and CMS) and of LHC accelerator.

•  US contributions to accelerator upgrade focus on IR, in
particular on Nb3Sn magnet development.. Recent successes:
fields 10-12 T reached in different prototype magnets



T. Taylor, KEK, February 2007T. Taylor, KEK, February 2007

GianLuca Sabbi: Nb3Sn Quad Development in US
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GianLuca Sabbi: Nb3Sn Quad Development in US
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Tanaji Sen: IR Upgrade with Quadrupoles
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Tom Taylor & Ranko Ostojic: Nb3Sn & NbTi Hybrid IR

Present
layout

Proposed
layout
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With a triplet layout
with l* ~ 20 m, and for
magnets of up to 10 m
long, increasing the
bore D and decreasing
the Piwinski factor Fp
lead to a practical lower
limit for β* of  0.25 m.

Aperture requirement through
present  triplet with β* = 0.55 m
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Oliver Bruning & R. de Maria: Low-Gradient Triplets

Solution with Modular olution with Modular ‘‘TripletTriplet’’ Layout Layout

β-max < 15 km

QX1  100T/m
QX2   80 T/m
QX3  100T/m
QX4   80 T/m

 peak field: 9 T,
aperture: 180 mm,
(10%  margin)
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Tanaji Sen: US “Dipole First” Optics
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Riccardo de Maria: Dipole 1st Optics optimizing
Chromaticity and Dynamic Aperture
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Ramesh Gupta: Open Mid-plane Dipoles

Open Mid-Plane Designs using HTS

•  HTS in a hybrid design with Nb3Sn coils

•  Such magnets could operate at very high field
    (>16 T)

•  HTS would tolerate large energy deposition
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Nikolai Mokhov: Handling Collision Debris

Energy deposition design goal for Nb3Sn
quads is reached with W25Re liner
7.2 mm thick (+1.5 mm) in Q1 and 1 mm
thick (+1.5 mm) in the rest of triplet

High-Z Liner (Inner Absorber)
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Francesco  Broggi: Energy Deposition in Triplet
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Jean-Pierre Koutchouk: Insertions - Parametric Study
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Note that the crossing angle couples Note that the crossing angle couples ββ* and F* and F

The geometric loss factor F is important for luminosity;
Reducing β is more useful if F is acted upon too.
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Gain in luminosity
from ×1.8 to ×3
for quadrupole ID
70 → 130 mm.
The maximum of
130 mm is set by
the
•chromaticity
correction
•the internal
stresses for the
Nb3Sn

(Parameters used: ”Ultimate beam”  with 5616 × 1.7 1011

p and σs = 3.7 cm; l*=19m, Nb3Sn technology)
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Jean-Pierre Koutchouk: Insertions - Parametric Study
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Guido Sterbini: D0 and its Integrability

D0D1 D1TRIPLETSTRIPLETS D0

Courtesy of  M. Nessi, ‘Machine upgrade, ATLAS
considerations’, June 2006

vanishing crossing angle & early separation

Space (?) for D0 in expts
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Emanuele Laface: Q0 with l* = 13 m

Q0Q0
AA

Q0 BQ0 B Q1Q1
IP

13m

Magnet     Bore       Gradient
Q0 A   > 40 mm 165 T/m
Q0 B   > 40 mm 165 T/m
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Peter Wanderer: Direct-wind slim quadrupoles

   LHC Slim Quadrupole Specifications
Magnet   Length    Gradient    Diameter
  SQ1     ~ 3 m    ~ 118 T/m   > 32 mm
  SQ2   ~ 3.5 m   ~ 163 T/m   > 35 mm

It’s worth following up for LHC

Compare
ILC actively
shielded
QD0 coil
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ILC direct-wind quadrupoleILC direct-wind quadrupole

  The inner and outerThe inner and outer
coils are wound oncoils are wound on
separate tubes (notseparate tubes (not
shown) with a 5 mmshown) with a 5 mm
space left inside thespace left inside the
outer support tube forouter support tube for
He II cooling.  RunningHe II cooling.  Running
both coils at ~  700 Aboth coils at ~  700 A
gives 148 T/m from thegives 148 T/m from the
inner coil and - 8inner coil and - 8  T/mT/m
from the outer coil.from the outer coil.

  Net gradient = 140 T/m  Net gradient = 140 T/m
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Peter Limon: LHC Luminosity Upgrade Using Quads

List of R&D topics
Continue & expand Nb3Sn magnet R&D

Model quads, Long quadrupoles
More Nb3Sn magnet R&D
Even more aggressive Nb3Sn magnet R&D !

What else?
Much more work on energy deposition

cooling
support structure
alignment techniques
etc.

+ Lots of detector R&D
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Ezio Todesco: Scaling Laws for β* in LHC IR

Ex.: Ex.: l* l* = 23 m  = 23 m  ββ* * = 0.28 cm= 0.28 cm
NbNb-Ti: aperture 94 mm,-Ti: aperture 94 mm,

triplet length 30 m,triplet length 30 m,
gradient 160 T/mgradient 160 T/m

NbNb33Sn: aperture 81 mm,Sn: aperture 81 mm,
triplet length 20 m,triplet length 20 m,
gradient 275 T/mgradient 275 T/m

–– Solutions can be foundSolutions can be found
for both materialsfor both materials

–– Large aperture: is thisLarge aperture: is this
possible for Nbpossible for Nb33Sn ?Sn ?

–– Stresses, aberrationsStresses, aberrations ? ?
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Rama Calaga: Crab Cavities
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Laurent Tavian: LHC Cryogenic System Upgrade

Local cooling limitations

Scenario BS cooling loop 1.9 K cooling loop
[W/m/aperture] [W/m]

Nominal 1.5 0.40
Ultimate 1.7 0.44
Short-bunch 16 0.81
Long-bunch 1.6 0.45
Local limitation 2.4 * 0.9 **

“The Short-bunch scenario requires an increase of sector cooling capacity by a
factor 4 and shows local limitations in the beam screen cooling circuits.

- These two effects make this scenario not cryogenically feasible”

*: limited by the hydraulic impedance of the cooling channels and
calculated  for a supply pressure (header C) of 3 bar.
**: limited by the sub-cooling heat exchanger capacity
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•  Quadrupole-first preferred over dipole-first
•  Pushed NbTi or Nb3Sn still pursued, or hybrid solution -

    new
•  Slim magnets inside detector (“D0 and Q0”) – new
•  Wire compensation ~established; electron lens – new
•  Crab cavities: large angle rejected; small-angle – new
•  12.5-ns scenario seems to be impossible  (cryogenic load)
•  e-cloud/pile-up compromise: 25-ns & b*~8 cm, or

 50-ns spaced long bunches –
new

Outcome of LUMIOutcome of LUMI’’06 Part 106 Part 1
IR upgrade and beam parametersIR upgrade and beam parameters
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Roland Garoby: Limitations of the Injectors
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Michael Michael BenediktBenedikt: General Design Aspects for PS2: General Design Aspects for PS2

•• The PS2 is proposed as a replacement for the PS.  It is a presently aThe PS2 is proposed as a replacement for the PS.  It is a presently a
normal conducting synchrotron with an injection energy of around 4normal conducting synchrotron with an injection energy of around 4  GeVGeV
and a maximum energy of around 50and a maximum energy of around 50  GeVGeV, twice that of the present PS., twice that of the present PS.
Why?Why?

1.1. Assure reliabilityAssure reliability and availability of the injector chain for LHC. The and availability of the injector chain for LHC. The
present PS is the 50 year old: the frequency of breakdowns is increasing.present PS is the 50 year old: the frequency of breakdowns is increasing.

2.2. Improve the performanceImprove the performance of the injector chain  of the injector chain for LHCfor LHC. PS2 will allow. PS2 will allow
faster filling of the SPS, and produce LHC beams with greater brightness;faster filling of the SPS, and produce LHC beams with greater brightness;

3.3. Improve beam performance for non-LHCImprove beam performance for non-LHC  physicsphysics in range 20 to 450  in range 20 to 450 GeVGeV;;
4.4. The combination of cycling rate, size, beam density and extractionThe combination of cycling rate, size, beam density and extraction

energy will give PS2 nearly an order of magnitude energy will give PS2 nearly an order of magnitude more beam powermore beam power;;
5.5. Prepare for a long-term energy upgradePrepare for a long-term energy upgrade of the SPS and possibly the LHC. of the SPS and possibly the LHC.

The  higher PS2 extraction energy will reduce the energy swing requiredThe  higher PS2 extraction energy will reduce the energy swing required
from an SPS successor, allowing to approach 1 from an SPS successor, allowing to approach 1 TeVTeV at high energy. at high energy.
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6060400400kWkWMax. effective beam powerMax. effective beam power

1.2/2.41.2/2.4~ 2.5~ 2.5ssRepetition time (50 Repetition time (50 GeVGeV))

2.22.21.51.5T/sT/sMax ramp rateMax ramp rate

70701000/15001000/1500kJkJMax. stored energyMax. stored energy

3.3 x 103.3 x 1014141.2 x 101.2 x 101414ppppppMax. intensity FTMax. intensity FT

1.7 x 101.7 x 1011114.0 x 104.0 x 101111ppbppbMax. intensity LHC (25ns)Max. intensity LHC (25ns)

13/2513/25~ 50/75~ 50/75GeVGeVExtraction energy kineticExtraction energy kinetic

1.41.43.5 3.5 –– 4.0 4.0GeVGeVInjection energy kineticInjection energy kinetic

PSPSPS2/PS2+PS2/PS2+UnitUnitParameterParameter

•Twice average line density of PS
•Twice longer machine
•Twice extraction energy
•Identical acceleration time
•Shorter cycle time in some cases (LHC without double batch)
•Actual performance will depend on the level of the injector upgrade

In case of staged approach, i.e. PS2 before injector upgrade
- Line density limited to achievable PS density
- Increased cycling time because of double batch filling

from PS.
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Glyn Kirby: Superconducting  SPS
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Ralph Assmann: Collimation
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• Intensity limitations in the PSB, SPS are the injector bottlenecks
• The LINAC4 will help to cure the space-charge problem in the PSB
• PS2/PS2+ should be successor of PS:                                      

reliability & availability; better technology
• Optimum extraction energy, layout, etc. to be determined (for SPS 

intensity, ion acceleration, nu-physics)
• Measures needed to improve the SPS until its successor is provided
• Comparison PS2/PS2+ required (eventually launch SC magnet R&D - 

superferric and 3.5-4.5 T, 2 T/s rate)
• Superferric LER in SPS to be investigated
• Studies to be made on space-charge compensation (e-lens) ?
• Effect of e-cloud in the upgraded injector to be cross-checked

Outcome of LUMIOutcome of LUMI’’06 Part 206 Part 2
Tentative Conclusions on InjectorsTentative Conclusions on Injectors
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Thank you for your attentionThank you for your attention


