
Impact of minimal machineImpact of minimal machine 
on physics and calibrationp y

Gudrid Moortgat-Pick (IPPP)Gudrid Moortgat Pick (IPPP)
29/10/08

• RDR positron sourcep

• Calibration needs

• Physics

• Schemes

G. Moortgat-Pick 1



RDR Positron Source
• Positron source in RDR:

– K=0.92
– λU=11.5 mm
– L=147 m (200 m)
– E1st= 10 MeV

• Changes needed to do    
calibration at the Z-pole?

1st
– Eb= 150 GeV
– B =0 86 T

• How to optimize this option?

•Could we replace GigaZ viaBmax 0.86 T
– P(e+)~45%

•Could we replace GigaZ via 
calibration runs?

• Small positron polarization available
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Polarimetry+energy workshop@Zeuthen 4/08
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Calibration Needs
• How many Z’s are needed for calibration?

Experience from LEP2– Experience from LEP2
– After each annual shutdown:

10 pb/detector + couple of pb’s over the year
• Calibration needed after annual shutdown
• No Z-pole calibration needed after push-pull
• For calibration: large emittance low lumi tolerable (S 2)• For calibration: large emittance, low lumi tolerable (Scope 2)

• Lcal ?   About 7x1031 (Nick@Tesla)  vs. 7x1032 (Andrei S)
– Has still to be worked out

• But stable energy, since ΔALR / Δ√s ~ 0.2% / GeV
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Physics: Z-pole datays cs po e data
• Why do we need such data a.s.a.p.?y p

– Discrepancy between ALR and AFB

– most sensitive tests of the Standard Model via– ,most sensitive tests of the Standard Model via 
measurements of the ew observables as sin2θeff

We do need it already now !!!We do need it already now !!!
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ALR and sin2θeffLR eff
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Possible low lumi Z-data
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Physics gain with sin2θeff=3 x 10-5

• What are the important input quantities?

eff

What are the important input quantities?
– Mass of top: 

LHC

– only progress if Δexp ≤ Δ theo

ILC
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Strategygy
• Collect calibration data from several years

(maybe 5 y proposal)(maybe 5 y, proposal)
• Collect data from dedicated Z-pole runs with low lumi

(25 days / year)(25 days / year)
• ‘Full’ GigaZ would take about 5000 low lumi days (on basis of 

Lcal=7x1031)cal )
– Makes no sense to aim for that
– In case one had higher Lcal, one could think about that!g cal

• GigaZ after ILC physic runs is late anyway....2025? (personal 
comment)

• But already with such a fraction of the GigaZ 
accuracy we gain a lot in physics!
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Physics gain with sin2θeff=3 x 10-5

• Hints for new physics in worst case scenarios:
O l Hi @LHC– Only Higgs @LHC

– No hints for SUSY

• Deviations at 
Z-pole
– Hints for SUSY

• Powerful test!Powerful test!
– We should not                                                                             

miss this option
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Schemes for e+ production
• How to achieve the Z-pole energy with e- beam?
• Several possibilities:

Deceleration of e- beam after 150 GeV point– Deceleration of e- beam after 150 GeV point
Problem:

till t hi h f Z l li ht fi t i ith E d d• still to high for Z-pole: slight fine tuning with Eb needed
• some emittance dilution (probably ok)
• but large energy spread……. (probably not  ok for 

calibration)
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Undulator at 50 GeV
– Running of undulator at lower energy, Eb=50GeV

• E ~γ2 /(1+K2) / λ ~1 MeV (too low for pair production >2 MeV)• E1st~γ2 /(1+K2) / λU ~1 MeV     (too low for pair production, >2 MeV)
• Several solutions:
a) Take only higher harmonics e g from n=2 8a) Take only higher harmonics, e.g. from n 2,..,8
b) Use other K for calibration (assuming λU fixed)

K-> 0.3:  E1st ~2 MeV0 3 1st e
• Probably 7 x 1031 ok

– Higher emittance (beam sees full linac impedance) but forHigher emittance (beam sees full linac impedance) but for 
calibration probably ok

• If problems: bypass solutionp yp
– What is about energy spread in this case?

• 1.5% for 150 GeV ->  at 50 GeV ?
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How to reach the Z-pole?p
• Other possibility: p y

– use other e- source for undulator, but inject e- beam 
for calibration from DR after undulator ?for calibration from DR after undulator ? 

P b bl t h ff t b t h ld b t di dProbably too much effort, but should be studied 
……
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What’s with the 250 GeV option?
• If we use Eb=250 GeV, maybe choose E1st~25 MeV

R i t 50 G V l d t bl t b f– Running at 50 GeV leads to same problems at before
– E1st < 2 MeV, but taking either higher harmonics or 

h i K f t h ld kchanging K factor should work
– By-pass solution in case emittance problems occur

• Option discussed at TESLA times
– 2nd e+ source in remaining e- linac and 2nd undulator to g

get higher lumi 
• Believe for calibration first option should be fineBelieve for calibration first option should be fine

– Probably 7 x 10 31 ok
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Conclusion + Open issuesCo c us o Ope ssues
• Different schemes possible for e+@Z-pole

– Different options how to reach the Z-pole including by-pass, 
2nd source etc. should be studied

• Promising physics case for using low lumi Z-pole data
– Powerful tests now and…… GigaZ would be very late

• Would it be possible to cost and build ILC piece-wise? 
(but layout for 500, of course)(but ayout o 500, o cou se)
– Detectors at 500 position, but only drift lines after RF’s?  

Steps, e.g., 90 GeV, 350 GeV, 500 GeV?p , g , , ,
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