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Or, rather:

What integrated
luminosity could we
expect from CLIC?
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CLIC

A warning:

| will not answer such question!

Which is indeed a very complex one, hiding behind it a number of other questions:

* How long will it take to reach the nominal peak luminosity?

»  What will be the evolution of the peak luminosity during commissioning (and after)?

* How much machine-time will be taken for tuning to peak performance?

* How stable would be the machine, once tuned?

»  What will be the overall machine reliability?

* How many, and how long, will be the shut-down periods?

«  What will be the physics run scenarios (variable energy, specific running conditions...)?

... And — | fear — | don‘t know the answer to a single one among them.

However, | will attempt to give some hints, by using examples from the past, highlighting
similarities and differences between CLIC and other past/existing/planned projects and, overall,
trying to stimulate further reflections & studies.
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The ILC model (I)

From Barry’s talk:
« Luminosity > JLdt=500 fb-!in 4 years
* Integrated luminosity was (rightly) considered a design requirement for ILC

 Let's see how this is linked to peak luminosity, and to commissioning ramp-up
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The ILC model (1)

During “mature” operation period
[ntegrated Luminosity per vear

= Peak Luminosity x Seconds/year x HA > (1-MDj} x {1-SD} » (1-SU) = (1-MPS) »x (1-DT)
— 25 10%Mem 237 5 3014 < 107 s % 0.75 < 0.90 x 0.75 % 0.833 x 0.95 x 0.90
26 % 10% em™? =226 inverse femtobarns per year

I
b

[Ldt — L X 1.1 107 sec /year

HA is the Hardware Availability. This includes the recovery from a hardware problem. This is the only
thing has been studied in detail with the simulation. ;'10\'\']11111“- is allowed or 75% uptime.

MD is the fraction of time spent doing scheduled Machine Development. If there were no opportunistic
MD done, then scheduled MD would be abont 7% for the conventional et source and 12% for the
undulator source. The actual number varies from 2% to 11% depending on the accelerator variant.
This variation is due to the use of opportunistic MD and to the possibility of doing MD in two parts of
the ageelerator at once. The simulation produces an estimate of MD, but for this example, an average
uwi]l be used.

SD is the fraction of time in the long Shut Down. ;\]111[(1::&\'11 once every year gives 23% for this.

SU is the fraction of time Starting Up and Recovering from the long shutdown. Typically the lnminosity
ramps up gradually to the nominal value. Consider SU to he the fraction of a running year to get to
half the nominal luminosity and then if the ramp were linear (which it usually isn't) then the fractional
loss in luminosity is simply SU. For_this example a 1.5 month recovery from the 3 month shutdown
will be nsed giving SU = 1.5/9

MPS is the [raction of time lost to MPS trips (and recovery from them) and other similar very short outages.
For this v_\'zm]])i]l he used.

DT is the De-Tuning factor. It is the fraction by which the average non-zero luminosity is lower than
the peak luminosity, Contributors to this are non-optimmumn tuning due either to mistakes or to the
accelerator drifting away faster than feedbacks and operators can tune. For this ('Z‘Cu]]l[}l\'m be
used.
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The ILC model (lll)

1 year commissioning (not accounted for)

4 years of ramp up in performance (25%, 50%, 75% and 100% of the peak)

Integrated luminosity during this period ~ 500 fb"

Is it a reasonable model?

Can it be applied to CLIC?
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The LEP lesson (I)

Commissioning, ramp-up and nominal peak luminosity

The LEP collider at CERN was commissioned in 1989
and operated until the end of the year 2000. It performed
many years above design expectations. In particular it
was possible to push the instantancous luminosity a fac-
tor of 4 above its design value, at higher beam energies
than foreseen in the design.

The instantancous luminosity already reached 70% of
its design value in the second yvear of LEP operation.
This illustrates the sound design strategy for LEPI, the
great care in the accelerator construction, and the good
knowledge of the relevant accelerator physics for LEPI.
To surpass the design luminosity at LEP1 required four
yvears and an increased number of bunches, originally not
foreseen in the design.

The accelerator physics in the LEP2 regime of ultra-
strong radiation damping was not well known. As a re-
sult the design estimate of the luminosity turned out to
be too pessimistic. Taking profit of a much higher beam-
beam limit, strong focusing optics, and manipulations of
the damping partition numbers the design luminosity
was immediatelv surpassed

As it is true for all colliders, the final luminosity per-
formance was only possible due to many ideas and con-
cepts that were not foreseen in the original design.
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Proceedings of the Second Asian Particle Accelerator Conference, Beijing, China, 2001

LEP LUMINOSITY REVISITED: DESIGN AND REALITY

Ralph W. Assmann for the LEP team, CERN, Geneva, Switzerland
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Figure 1: Peak luminosity for each vear of LEP opera-

tion. The dashed lines indicate the design luminosities
for LEP1 (red bars) and LEP2 (blue bars).
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Figure 2: Average luminosity delivered per scheduled
day of physics for each year of LEP operation. The red
bars indicate LEP1 running, the blue bars LEP2 running.
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The LEP lesson (1)

Commissioning, ramp-up and nominal peak luminosity

{pb")
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Uptime:

4059 h =1.47 107 /
The LEP lesson (l11) R

Up-time, availability Compared to 1.1 107 sec /year (ILC)

. Additional factor 26% — 1.4 107 sec / year
LEP Operation 1999

Systems 45GeV | 96GeV  98GeV  100GeV  101GeV | fotal %
Beam Instrumentation 00 00 8.7 465 5,08 184 | 34
Separators 00 00 104 1.1 b75 178 | 33
Kickers 24 08 33 110 0.00 84 | 186
Computers & Interface 00 1.3 12 792 273 126 | 23
Power Converters 48 33 79 b62 07 24 | 42
RF 20 6.0 301 2680 6.7 M8 | 133
Vacuum 00 0.0 23 1368 24 38 434 81
Cooling 0.0 0.0 93 1095 075 21.0 | 39
Electricity 00 31 2.2 1.83 0.00 5.1 | 108
Cryogenics systems 00 180 46,0 5763 947 1M1 | 208
SPS 34 00 334 160 0.00 444 | 82
CPS 00 13 23 8.48 017 324 | 60 22 days
Storms and Interlock. 13 00 | 130 482 | B4 | 47 (12%)
Others | magnets , EDF/400KV network ... ) 0.0 0.5 116 3942 0.00 1.5 | 96

total 2 3 256 173 5 C| 539 Do 190 days

- (54%)

total time about 4600 hours
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The LEP lesson (V)

Up-time, availability

LEP Downtime 1999
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SLC - THE END GAME

R. Assmann, T. Barklow, M. Breidenbach, F.J. Decker, C. Field, L. Hendrickson, D.
McCormick, M. Minty, N. Phinney, P.Raimondi, M. Ross, J. Turner, T. Usher, M. Woodley, R.

T h e S LC | e S S O n Traller, F. Zimmermann, SLAC,Stanford, CA

Table 1: Design and achieved SLC beam parameters

Destom— —ehiayed  Units

The design of the Stanford Linear Collider (SLC)
called for a beam intensity far beyond what was

ey

Beam charge (7 2¢10 4.2e10 ¢ /bunch practically achievable. This was due to intrinsic
Rep. rate 1 _ _ Hz limitations in many subsystems and to a lack of
DR g, 3'08'? 3'08':’_ m rad understanding of the new physics of linear colliders. Real
DRe, 3.0e-5 3.0e-6 m rad progress in improving the SLC performance came from
FF e, 4.2e-5 S.5e-5 m rad precision, non-invasive diagnostics to measure and
FF e, 4.2e-5 I.0e-5 m rad monitor the beams and from new techniques to control the
IP o, 1.65 1.4 um emittance dilution and optimize the beams. A major
IP G, 1.65 0.7 um contribution to the success of the last 1997-98 SLC run
Pinch factor 22094 Y Hd came from several innovative ideas for improving the
Luminosity 6e30 3e30 emsec” performance of the Final Focus (FF).
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Another example: Tevatron

Collider Run Il Peak Luminosity
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Another example: Tevatron

Collider Run Il Integrated Luminosity
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The CLIC upgrades scenario
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The CLIC upgrades scenario
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The “LHC lesson”

Interconnection between magnets: LEP

LEPSHUT92_
HC 127

1/12/2005 R.Schmidt, Grimitz
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Interconnect between two superconducting
magnets

The reliability of
my systems is
entirely sufficient,
we do as best as
we can |
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Conclusions

This page was
intentionally left blank



