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CARE-HHH-APD Mini-Workshop IR'07, Frascati 7-9 November 07 

39 participants, about half of whom from CERN

Scope:

• upgrade of the LHC interaction region (IR), 

• experience with the upgraded DAFNE IR & plans for SuperB

Key topics: 

• IR-upgrade optics performance and limitations

• optimization of new LHC triplet magnets 

• US-LARP magnet strategy (Lucio’s challenge)

• heat deposition  

• early-separation dipoles

• detector-integrated quadrupoles

• crab cavities, wire compensators, crab-waist collisions 

Goals:

1) narrow down the possible LHC IR optics options and converge on magnet

parameters. 

2) identify ingredients for the two LHC upgrade phases

3) strengthen collaboration with DAFNE/SuperB studies and explore 

applicability of advanced IR concepts to LHC 

web site: http://care-hhh.web.cern.ch/CARE-HHH/IR07 (incl. link to INDICO)
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workshop programme
session 1 introduction (convener W. Scandale): M. Calvetti, C. Milardi, M. Biagini, 

W. Scandale, S. Peggs, E. Todesco, D. Tommasini

session 2 IR triplet magnets (convener J. Strait): P. Wanderer, G.L. Sabbi, G. 

Ambrosio, A. Zlobin, R. Ostojic

session 3 early separation (convener C. Milardi): J.-P. Koutchouk, P. Limon, G. 

Sterbini, W. Scandale, F. Zimmermann

session 4: optics (convener S. Peggs): M. Giovannozzi, R. De Maria, R. Tomas,

E. Laface, G. Robert-Demolaize

session 5 energy deposition (convener J.-P. Koutchouk): F. Broggi, E. Wildner

session 6 D0 and Q0 detector interference (convener P. Limon): M. Nessi, J. Nash, 

E. Tsesmelis, S. Peggs 

session 7 beam-beam compensation & crab cavities (convener F. Zimmermann): 

U .Dorda, C. Milardi, U. Dorda, R. Calaga, F. Zimmermann

session 8 crab waists, flat beams (convener M. Biagini): M. Zobov, E. Levitchev, P. 

Raimondi

session 9 final round table and conclusions (convener W. Scandale, F. 

Zimmermann)
42 talks in 3 days!



some presentation highlights
• S. Peggs, “News from LARP”

• A. Zlobin, “LARP Joint IR Studies”

• E. Todesco, “Design Issues in a 130 mm Aperture Triplet”

• G.L. Sabbi, “High Field Nb3Sn Magnets”

• D. Tommasini, “CERN Plans on High-Field Magnet Development”

• J.-P. Koutchouk, “New Results on the Early Separation Scheme”

• M. Giovannozzi, “Optics Issues for Phase-1 & 2 Upgrades”

• R. De Maria, “Phase-1 Optics: Merits and Challenges”

• R. Tomas, “IR Multipolar Correction for the LHC Upgrade”

• E. Wildner, “Are large-aperture NbTi magnets compatible with 1e35?”

• M. Nessi, “SLHC, ATLAS Considerations”

• J. Nash, “CMS Views on SLHC Upgrades”

• U. Dorda, “Beam-beam Issues for Phase 1 and Phase 2”

• R. Calaga, “Small Angle Crab Crossing”

• U. Dorda, “Wire Compensation Performance, MDs, Pulsed System”

• M. Zobov, “Crab Waist Collision Studies for e+/e- Factories”

+ 4 round-table discussions















IR’07   - November 7-9, 2007, 
Frascati (Italy) 

LARP Joint IR Studies

JIRS Mission and Tasks

JIRS are mostly concerned with the post-LQ magnet series:

QA quadrupole – accelerator quality magnet.

QB quadrupole – Phase 2 upgrade magnet.

“Slim” magnets in front of Inner Triplets.

The framework of JIRS is determined by The mission of LARP “Joint 
Interaction Region Studies” .

FY08-09 Joint IR Studies tasks and Task Leaders

3.3 Joint IR Studies – Alexander Zlobin (Fermilab)

3.3.1 Simulation

3.3.1.1 Operating Margins - Nicolai Mokhov (Fermilab)

3.3.1.2 Accelerator Quality & Tracking - Guillaume Robert-Demolaize (BNL)

3.3.2 Studies

3.3.2.1. Optics & Layout - John Johnstone (Fermilab)

3.3.2.2. Magnet Feasibility Studies - Peter Wanderer (BNL)

FY08 budget 320k$.



F. Borgnolutti, E. Todesco

CONCLUSIONS

We outlined the motivations to go for a 130 mm aperture in a Nb-Ti 
LHC triplet 

*=0.25 m with 3 s clearance for collimation

We discussed a conceptual design of the Nb-Ti magnet

Field quality, stresses, protection

We considered the possibility of replacing Q1-Q3 with Nb3Sn magnets

Not possible with the present 10 mm cable

With 15 mm cable could be viable, with margin and stresses within limits

Optics seems viable, should be validated by exact matching

It would give a more than a factor 2 in temperature margin (and would be 
the first test of Nb3Sn in operational conditions)





Ceramic wet winding

We  reached 12 Tesla in the gap,10.5 Tesla on the coils 

I max 1250 A (short sample) at 4.2 K with no training quenches

On going : mini dipole split coils

Courtesy Remo Maccaferri
D. Tommasini



1- Possible Layouts

1. Field integral of each dipole:
Depends on beta* and position: ~ 5 to 8 Tm for present scheme 

( positions 3 to 6 m)

2. Position of dipole center from IP

25 ns 50 ns

Full early separation 1.9 m 3.8 m

Partial

Early

Sep.

1LR @ 5s 5.6 m 11.25 m

2LRs @ 5s 9.4 m 18.8 m

J.-P. Koutchouk



5-Peak luminosity estimates

25 ns 50 ns

No early sep., 

beta*=25 cm

3.1 1.7

Full early sep.

Beta*=14 cm

9.8 4.9

Partial early sep.,

Beta*=14 cm

5.8 3.1

Ultimate bunch current, l*=23 m, beta*=14 cm

~7 , with electron lens 

& separation of 3 sig

With weak 

global 

crabbing

~+30% for l*=13m

J.-P. Koutchouk



5- Performance with leveling

Performance almost doubled 

versus Valencia scenarios & with 

constant luminosity; max pile-up 

reduced by 3 to 4

J.-P. Koutchouk



Performance rise depends on complexity. Statistical law by V. 

Shiltsev. Using/extending his approach yields:

Rise time of performance 

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
time

1

2

3

4

y
t

i
x

e
l

p
m
o

C


s
r

a
e

y


2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

TEV1b

TEV2a

ISR26

ISR31

SppS

HERA1

HERA2

RHIC

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

time

210
34

410
34

610
34

810
34

110
35

1.2 10
35

1.4 10
35

y
t
i

s
o

n
i

m
u
l


m

c
2
s
1


2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Luminosity profile over 15 years without upgrade

The strategy with beam current increase requires about 3 years

after Phase I (4 years without).

In the ISR, a comparable beta* decrease (/7) took a few weeks 

at reduced current; one year for the LHC at full current?

luminosity

complexity

J.-P. Koutchouk



Conclusion
If the modulation of the length of the luminous region is 

acceptable, the “native” luminosity leveling of the early 

separation scheme can suppress the fast luminosity decay with a 

small loss of integrated luminosity.

When combined with a beam current increase beyond 

“ultimate” and below or equal to the LPA scenario, the 

integrated luminosity can be boosted by almost a factor of 

two with respect to the present parameter lists with a 

significant decrease of peak pile-up (3 to 4).

The scheme offers similar performance for 25 or 50 ns spacing. Of 

course the pile-up and bunch charge increase at 50 ns spacing.

The electron lens and/or global crabbing are very useful both to 

extend the duration of constant luminosity and mitigate risks.

J.-P. Koutchouk



round-table discussion 

after sessions 1-3



phase-1 / phase-2 magnets: 

complementing synergy or divergent goals?
- need for Nb3Sn in phase-1? 

- Nb3Sn: better for increased beam losses, larger T margin,

available cooling capacity improved (D. Tommasini, A. Zlobin)

- experimental verification? some evidence 

- “not a good return on investment” (P. Limon)

- use phase-2 quad in phase-1? radiation survival

- be sure that it does not become a failure point! (J. Strait)

beta* in phase-1?
- beta*=0.25 m alone gives marginal return (~20% increase

in average luminosity) 

- “phase-1 is to find margins in case” (J.-P. Koutchouk)

- must be complemented by other improvements, e.g.

crab cavities, collimator upgrade, linac4 (R.O., W.S.)



Nb3Sn coils at CERN: how fast can this new finding 

become beneficial (if)? Should it be explored in parallel?

- no expoxy (D. Tommasini)

- mechanical, electrical, & thermal properties to be confirmed

- question perhaps premature

130-mm diameter quadrupoles in US: how fast ?

-(already discussed under point 1)

D0 / Q0 magnets: how to streamline the effort ?

- background studies by experiments needed (P. Limon), 

but very expensive, need reasonable starting point (J. Nash) 

- optimizing shielding for different parameters

- LARP involvement limited (S. Peggs)

- experiments in RHIC on #LR crossings, no final answer soon;

need to go in steps & converge with experiments towards

optimal solution (J.-P. Koutchouk, J. Nash) 

- magnets, support structures, heat load, > 6 m from IP (P.Limon)



mixed quadrupole triplet in competitive bid: efficient idea?

-“not competitive”, “perception is not reality” (S. Peggs)

- mandate of CERN LIUWG needs to be adjusted

- controversial reactions to challenge (E. Todesco)

- “LARP goal: only design, papers and prototype” (P. Limon)

- hybrid solution minimizes risk (D. Tommasini)

- spare NbTi quadrupoles will be available as backup (D.T.)

field quality in the mixed triplet

US-LARP strategy; locations and specs for QA magnets in LHC, 

success-oriented schedule, crab cavities in US LARP

crab cavity experience at KEKB

- KEKB is running with crab cavities (S. Peggs)

- they restore geometric luminosity and even increase beam-beam 

tune shift; beam current limited by unrelated problem (R. Calaga)

- would CERN be ready to install crab cavities in LHC? (S. Peggs)

- noise effect could be checked in any hadron storage ring (F.Z.)



experimental tests of various types of leveling? 

(BEAM’07 talks by Lebedev & Shiltsev)

- interpretation controversial

- experimental tests e.g. at RHIC (and LHC) would be useful

luminosity increase via current and/or beta*

- both may be needed

- historical experience: Tevatron and SPS increased 

luminosity with higher beam current

minimum acceptable luminosity lifetime? 

- 5 hours acceptable

- how fast may the experiments be turned on after establishing 
collisions?  

- statement from the experiments



off-momentum beta beating

- “acceptable for less-critical momentum cleaning”? 

(J.-P. Koutchouk)

- needs study of collimation performance

can we have larger aperture magnets without increasing the 
outer diameter?

- yes, already shown

do we need to upgrade the LHC IR cryoplants?

- only in point 4 for rf (R. Ostojic)





The path to Phase 1 layout - VI

• Apart on aperture, off-momentum beta-beating

has an impact on collimation performance.

• How to chose in which half of the machine the

beating has to be corrected?

08/11/2007 M. Giovannozzi – CARE-HHH-APD IR’07 27

Betatron

cleaning IR

Momentum 

cleaning IR

• Driving criterion:

avoid that a

secondary collimator

becomes a primary

one.

FOR the nominal LHC the

correction should be made

between IR5 and IR1.



The beneficial effect of flat beams - I

08/11/2007 M. Giovannozzi – CARE-HHH-APD IR’07 28



R. De Maria



R. De Maria



R. De Maria











CERN Layout

9.20m 7.80m 7.80m 9.20m

12.24m 14.20m 11.00m 14.75m

55 m

37 m

170/130mm 220/170mm 220/170mm 220/170mm

130mm 130mm 130mm 130mm

Q1          Q2          Q3          Q4

Q1                   Q2                 Q3                 Q4

Symmetric

Compact

Positive particle
+

IP1

IP1

FDDF

E. Wildner



CERN

Total heat loads

Comparison of Total heat loads

Upgrade Luminosity L=2*L0=2*10
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Nominal LHC: a=142.5 mrad

Upgrade LHC: a=220 mrad 

Good for comparison between cases only:

Magnet design not optimized for the scenarios

E. Wildner



CERN Implementation in model

1 cm MASK in 

tungsten
2cm LINER in 

stainless steel
Cables

Mask
LinerQ1

Q1 Q2
Q2

”Symmetric” layout

E. Wildner



CERN
Peaks, with mask and liner

 Mask 1cm in 
tungsten

 21.5 mW/cm3

to 13.6 mW/cm3

 -36 % decrease 
of the peak: 

 Liner 2cm in 
stainless steel

 -95% decrease 
of the peak

 21.5 mW/cm3 to 
1.1 mW/cm3

”Symmetric” layout

E. Wildner



CERN Peak of deposited energy with D0

Azimuth [degrees]

Power [mW/cm3]

Peak in second magnet, red with D0 on

Along axis

Power [mW/cm3]

E. Wildner



CERN
Summary 

 Scenarios overall similar: they all have high peak deposition

 “Compact 1” (large aperture) most favorable

 A liner of 2 cm reduces the deposited peak energy to 

~1 mW/cm3 along the magnets (checked case: “Symmetric”).

 For the option Q0 we may need some more optimization (larger 
apertures).

 We may improve even more by magnetic arrangements (like 
D0)

 Crossing angle has a limited impact (<15 %)

 Optimization for L= 1 E 35 cm-2s-1 seems a possibility 
(magnets)

 Backscattering to experiments?

E. Wildner
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Shielding details

M. Nessi



11/08/07 ATLAS & SLHC11/08/07 43ATLAS & SLHC

JF /JN region layout (future?)

Might be this could become a piece of the 
machine fully retractable inside th tunnel, when 
we need to move ATLAS (+5 m)

M. Nessi



11/08/07 ATLAS & SLHC11/08/07 44ATLAS & SLHC

Summary: Possible locations we were discussing

A

B

C

DAll are possible … but at some cost … our 
advice:

• stay out of A, if it is not strictly necessary

• B,C possible location of D0, but we need more 
calculations to avoid to damage the 
muon system

• D possible location of Q0 or D0, probably 
the least problematic one

• A new TAS can just be studied in the last 
2m of JF, very difficult elsewhere

M. Nessi



SLHC is about the physics!

• We should be led by getting the best 

physics out of an upgraded 

machine/detector

– Not by the highest peak luminosity

– Even largest integrated luminosity may not be 

the most important metric

– Issues

• Integrated luminosity

• Backgrounds

• Acceptance

• Pile-up

J. Nash



Some Physics themes

• Different physics channels require different 

conditions

• Three main directions

– Damn the torpedos - FULL Luminosity

– Lots of quality luminosity

• Luminosity leveling?

– Forward acceptance

• We won’t know which is the most important until 

we have first data from the LHC

– Important not to eliminate a physics opportunity until 

we are sure it makes sense to do so

J. Nash



Conclusions

• Without optics change, not much need for changes to the 
forward regions and shielding of CMS

– Tracker will be the major change

• Pile-up studies are underway

– Tools now developed, but still some time before we can make a 
definitive statement on how much pile-up we can withstand

• Changes to the IR can lead to rather costly changes to the 
CMS infrastructure

– May be possible to accommodate, but many unresolved issues

• Can we retain forward calorimeter acceptance

– Do we need to look at instrumenting D0?

– Do we need a new HF, new geometry? Very expensive - what happens to 
the new tracker?

• Can we build a magnet compatible with CMS operation (ie 
maintenance, backgrounds induced in the detector)

• What happens to the shielding/backgrounds if there are substantial 

changes to the forward region

J. Nash



round-table discussion 

after sessions 4-6

(chaired by S. Peggs)

















LPA scheme



R. Calaga



R. Calaga



R. Calaga









round-table discussion 

after session 7



long-range beam-beam is getting tougher but no 

show-stopper

wire compensator important for phase 1 and even before;

~2 sigma gain in aperture 

how many low-distance LR encounters can be accepted?

- beam energy, lattice, chromaticity, tunes,…

- experience/experiments at Tevatron, RHIC, SPS 

- reliable simulation tool 

- head-on important



can we open collimators to 9 sigma if dynamic aperture is at 

5-7 sigma? (→ Coll. Team)

wire successful at DAFNE (higher average luminosity);

good understanding; can compensate with octupole

SPS experiments at 37 and 55 GeV indicate threshold

dc wire does well, RF BBLR does even better

impact of crab cavities on collimation? (→ Coll. Team)

funding: - BBLR for LHC

- RF BBLR prototype

- crab cavity prototype – SBIR





Crabbed waist is realized with a sextupole in
phase with the IP in X and at /2 in Y

2sz

2sx


z

x

2sx/

2sz*

e-e+
Y

1. Large Piwinski’s angle F = tg()sz/sx

2. Vertical beta comparable with overlap area y sx/

3. Crab waist transformation y = xy’/(2)

Crab Waist in 3 Steps

1. P.Raimondi, 2° SuperB Workshop, 

March 2006

2. P.Raimondi, D.Shatilov, M.Zobov, 

physics/0702033



M. Zobov



Suppression of X-Y Resonances

ym

ym

y

y

Performing horizontal oscillations:

1. Particles see the same density and the same 

(minimum) vertical beta function

2. The vertical phase advance between the sextupole 

and the collision point remains the same (/2)

M. Zobov



0 0.2 0.4 0.6 0.8 1

0

0.2

0.4

0.6

0.8

1

0 0.2 0.4 0.6 0.8 1

0

0.2

0.4

0.6

0.8

1

X-Y Resonance Suppression

Typical case (KEKB, DAFNE etc.):

1. low Piwinski angle F < 1 

2. y comparable with sz

Crab Waist On:

1. large Piwinski angle F >> 1 

2. y comparable with sx/

Much higher luminosity!

M. Zobov



1. With the present DAFNE parameters (currents, bunch length 

etc.) a luminosity in excess of 1033 cm-2 s-1 is predicted

2. With 2A on 2A more than 2x1033 is possible

3. Beam-beam limit is well above the reacheable currents 

Weak-Strong Beam-Beam Simulation

for DAFNE UpgradeM. Zobov



Luminosity vs tunes scan

Crab On  0.6/ Crab Off
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M. Zobov





final round-table discussion 

and conclusions 



strategy for scenarios

leveling & large Piwinski angle – where, how, real 

test?

when & where trade off between experiments and 

accelerator?

strategy for magnets

strategy for wires

strategy for crab cavities 

strategy for crab waist in hadron colliders

questions in final round-table discussion
(animated by Walter and Frank)



strategy for scenarios

time to converge?!

triplet convergence should be easy, also longest 

lead time!

D0 or crab cavity for low beta* 

higher current in parallel 

decouple upgrade components?! 

wait for beam before optimizing phase 2 and 

even phase 1? “what will beam say?”

input to experiments should come now

“need to take risk”

“phase 2 only crab cavities?”



leveling & large Piwinski angle – when, where, 

real test?

RHIC?, LHC?

- orbit angle with D0

- crab voltage

beta*, could be done from the start

for experiments of interest only for phase 2; 

but angle leveling useful for raising beam current 

above bb limit

IP feedback will assist or perhaps not (RHIC)



strategy for magnets  - phase-1 hybrid option

cost, technicalities – power supplies,...?

large aperture D1 as standalone object could be 

another possibility, asynchronous with phase 1

definition of D1 for phase 2 today? dependence on 

optics solution; D1 also challenging

time scale; not trivial to make decision now

130 mm from collimator requirements

Nb3Sn options

financial aspects



strategy for wires

“install as soon as possible in LHC”

or rather 

“install as soon as beam current requires it”

paid from operations budget? 



strategy for crab cavities

local vs global

small angle vs large angle

“gain experience with small angle crab in phase 1, 

then could go to large angle in phase 2” 

need feedback from collimation 

global: most attractive to start with (cheapest, easy

to adjust and to go back) 

nicely fits to US program

inclusion in FP7?



strategy for crab waist in hadron colliders

could be useful in conjunction with higher brightness 

from injectors

* =15 cm x 30 cm flat optics with NbTi quadrupoles

perhaps a bit smaller with Nb3Sn

apply in large Piwinski angle regime?

combined with very low beta*

wait for DAFNE experience



thank you!


