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and had to be replaced. 

l LHC injected batch is 3.2 x 1013 proton
protons which will be ramped to 7 TeV (3

o How much beam can we lose ino How much beam can we lose in
at the different energies? Is the

o Do our protection devices prote

o WHAT ARE THE DAMAGE LIMo WHAT ARE THE DAMAGE LIM

s at 450 GeV. The full intensity is 3 x 10
360 MJ).

n the LHC before damaging equipmn the LHC before damaging equipm
re a SAFE BEAM LIMIT?

ect against beam loss?

MITS OF OUR EQUIPMENT?MITS OF OUR EQUIPMENT?



ots of metal in the LHC....

TT40 material damage test” was carried 

Experimental cross check of damage limits ofExperimental cross-check of damage limits of

TED –

6 cmm

Ti entran

our intensities: 

A=1.3x1012, B=2.6x1012, C=5.3x1012, D=7.9x1A 1.3x10 , B 2.6x10 , C 5.3x10 , D 7.9x1

Perpendicular impact

Damage = “clear sign of melting”

out 

f metals derived with FLUKA simulationsf metals derived with FLUKA simulations

– TT40

ScreenScreen

nce window
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Safe Beam Limit = Intensity where interlo

rom TT40 experiment: @ 450 GeV: safe

M i t t f i t it A i TMaximum temperature for intensity A in T
Cu melting point: 1083º C

limit energy dependent:limit energy dependent:                           
Scaling law from FLUKA                           
imulations 

e Beam Limite Beam Limit
1 x 1012 (450/E)1.7

F i lFor nominal em

ock inputs can be masked.

e limit = 1 x 1012 protons (intensity A)

TT40 i t 500º CTT40 experiment: ~ 500º C

                                                               
                                                               

i !!

1 x1010 @

ittance!!



Example: LHC secondary collimators

Allowable stress level: σs = 86 MPa

Studied worst case impact scenarios: injectionStudied worst case impact scenarios: injection

45

ANSYS

45

FLUKA result

Melting point of C ~ 3500º C Mechanical limMelting point of C ~ 3500  C. Mechanical lim

Example: TPSG in the SPS: absorber in fp

TPSG in LSS6: 3.5 m long sandwich of differe

Safety limit for material integrity: 305º C in one

n error 7 TeV asynchronous dump 7 TeV pre-fin error, 7 TeV asynchronous dump, 7 TeV pre-fi

50 GeV50 GeV

7 TeV7 TeV

mit already reached at 551º C Factor 7 below me
R. Assm

mit already reached at 551  C. Factor 7 below me

front of the extraction septa for fast extrap

ent materials (graphite, titanium, INCONEL)

e of the graphite blocks. 



Example:  LHC Secondary Collimator: TT

Considered accident case at injection:

o 2 4 MJ/mm2: 3 2 x 1013 protons @ 450 GeVo 2.4 MJ/mm2: 3.2 x 1013 protons @ 450 GeV

Graphite jaw survived as predicted

But: thermal shockwave in Cu support bar def
whole jaw: Cu reached 70º C

Now: → GlidCop® support bar instead of Cu

Example: TPSG in the SPS

TPSGs needed re-designing to survive stress
during impact

However: design had to be adjusted again

o Temperature rise 50 K → 250 bar pressure ris
cooling system of septa too high during impac

T40 robustness test

formed the                                                            

A. B

Revised design: temperature rise too high

ses                                                                         

T[
º C

]
se in water                                                                     
ct.

i



The tertiary collimators close to experime
queezed beams at 7 TeV.
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YES....
Safe Beam Intensity is required as “set-u
afely lost under all conditions!y

Set-up” intensity for collimator setting-up
machine protection constraints (masking)

Constraint #1: needs to be safe for slow losse

Constraint #2: needs to be measureable with 

o pilot intensity at 7 TeVp y

Proposal: change name from

Safe Beam Intensity/Flag → Set-up Beam

p” intensity, not as intensity which can b

p, optics measurements,...with relaxed 
)

es (BLMs will protect)

instrumentation 

m Intensity/Flag



Need to know the “REAL” damage levels 

set operational limits for equipment: e.g. Scre

o Already fairly well-known and agreedo Already fairly well known and agreed

set BLM thresholds to protect the element: e.g

design passive protection: masks and abs

Example: Transfer line collimation system

Damage level of magnets: coil > 100º C

Beam loss on the collimators heats up downs
magnets: FLUKA simulations

→ masks had to be introduced 

of equipment to:

eens, wire scanners

g. TCTs

sorbers

m

stream                                                                    



Protection devices in the LHC: similar situ

Injection protection: TDI – TCDD (mask) – D1

Dump protection: TCDQ – TCDQM (mask) – QDump protection: TCDQ – TCDQM (mask) – Q

HOW WELL DO WE KNOW THE DAMAG

I th f ll?Is there one for all?

4.5 K and 1.9 K magnets, MBs and triplets?

HC Project Note 141 (O. Bruning and J.

Damage level of superconducting magnet

Further down they state [required number of p

uation as in the LHC

 (superconducting)

Q4 (superconducting)Q4 (superconducting)

GE LEVELS OF SC MAGNETS?

B. Jeanneret), 1998

protons to be lost at one location to damage]:



This damage level for SC magnets has be
rotectionrotection... 

een used for designing the TDI-TCDD 



.and these levels also were used for thee dump protection design

During an asynchronouDuring an asynchronou
dump the Q4 is protect
damage by the TCDQ 



magn
According to the experts...

The only number available: 87 J/cc py

Is that number conservative?

p

A. Siemko: temperatures for components

1 ~ 180º C: Kapton1.  180  C: Kapton

2. ~ 220º C: SnAg solder material

o important for splices

o and cross-contact resistance of strands, strand

3. ~ 350º C: NbTi

o current carrying capacity starts degrading

o probably a more long term effect (days)

nets?

ilot @ 450 GeV: 360 J @

s of SC magnets to start degradation

ds are coated with SnAgg



Contacted people from the TEVATRON

‘We don't have and never had a damag
superconducting magnets specifically. 
slow and fast quench limits [ ]’N Mokhoslow and fast quench limits [...] N.Mokho

ge limit for the Tevatron 
We have the solid numbers for 

ovov



Would be useful to clarify whether or not 

If not our protection might not be adequate.

Simulations should be carried out to addrSimulations should be carried out to addr
oss!

Experimental verification? 

We might get some data from the LHC...clear

TT60 HiRadMat (High Power Beam Test FacTT60 HiRadMat (High Power Beam Test Fac

Proposal for HiRadMaProposal for HiRadMa

o Could we irradiate a COLD SC ma

87 J/cc is conservative.

ress energy deposition from transient beress energy deposition from transient be

rly not preferred solution

cility)?cility)?

at in TT60:at in TT60:

agnet there?

R.W. Assmann



Simulations with Geant4 by                      
M SapinskiM. Sapinski

Distributed losses due to small 
mpact angles:

Quench of MB in sector 23: impact p
angle: ~ 250 μrad, beam size: 1 mm

Energy deposition maxima in the
Energy

Energy deposition maxima in the 
old bore/beam screen. Point l

Injectio

                                                                

y deposition in the coils of a main dipole after be

ike losses on vacuum chamber:
on: 1 x 1012 p+: 150 J/cc > 87 J/cc Distributed los



rom the TT40 incident we know: holes a

~25cm long hole in chamber

25th of October 2004: MSE trip during high intensity L

s it possible to slice open an LHC SC ma

An LHC SSSAn LHC SSS

E.g. a hole long
He: cold mass

are “long”

10 cm

LHC extraction. Damage of QTRF pipe and magnet.

agnet and recreate a S34 incident?

g enough for:
→ beam vacuum → insulation vacuum



or the case studied on the previous slide
he energy deposition for the cold bore byhe energy deposition for the cold bore by
M. Sapinski

Distributed losses: (assuming 316LDistributed losses: (assuming 316L, 
onstant Cp): 

Melting point for 316L: 1398º C

mperature Rise Estimate over several m:p

Injection: 1 x 1012 p+ : ΔT ~  76 K

o 3.2 x 1013 p+ : ΔT ~  2100 K  

C lli i 1 1010 + ΔT 13 KCollision: 1 x 1010 p+ : ΔT ~  13 K

o 1 x 1012 p+ : ΔT ~  1050 K p

Preliminary numbers. Outcome very 
ensitive to impact angle inputensitive to impact angle, input 
istribution!!, aperture details,...

e 
yy 



Our “set-up” intensity limits derived from t
with damage limits derived through otherwith damage limits derived through other 

Not every equipment (RF cavities, injectio

Damage level of superconducting magnets?

Shock waves, dynamic effects, phase tra
stimate → experimental verification is

or some equipment (e.g. Tertiary Collim
afe. 

Plus: damaging potential depends very much 

ons?

By-product of our investigation: beam losBy product of our investigation: beam los

Very first result: during accidents with large be
holes of several m length could be drilled intoholes of several m length could be drilled into

More data soon from FLUKA studies using the

the damage experiment seem to be con
means (Note 141)means (Note 141).

on kickers,...) has been studied.

nsitions,...: damage levels are difficult to
s useful → HiRadMat.

ators at 7 TeV) our “set-up” intensity is N

on impact, emittance,...

s in SC magnetss in SC magnets

eam oscillations and large enough intensities sto
the cold bore S34 incident? the cold bore...S34 incident? 

e IR7 dispersion suppressor model with realistic



Should take conservative approach: AT 7
CONDITIONSCONDITIONS

But should not panic either: need to get to

mplications for operational strategy: 

AVOIDANCE 

o Make sure we stay within operational envelope

o Make every effort to prevent operational errors

o Thoroughly prepare and follow the commission

MINIMISE CONSEQUENCES

o Set up and use passive protection from very e

o Even if cleaning is no issue yet, use collimator

o Every new intensity/energy step: use pilot inte

o Minimise downtime: spares, He release valves

CONTINUOUS FOLLOW UP

7 TEV NO BEAM IS SAFE UNDER ALL

o 3 x 1014

e (I, E, emittance) 

s: RBAC, critical settings, SIS,...

ning procedures

early on

rs as passive protection

nsity first

s,...


