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RDR Positron Source

e Positron source in RDR:

e Small positron polarization available for physics!
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Outcome of polarimetry+energy workshop

* in more detail see executive summary, arXiv:0808.1638 (sent to GDE)

* Since baseline design provides small polarization

*Flipping of helicity is required or destroy polarization completely
(see talk of S. Riemann, source session)

* This polarization could be enhanced to ~45% (with bunch
compressor)

o CSnin ra
INIT TV

* ‘cheap’ and quick kicker system before pre-DR, moved to 400 MeV
(see talk of K. Moffet, source session)

» Polarimetry requirements (see talks of J. List, e.g. top session)
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Calibration Needs

How many Z's are needed for calibration?
— Experience from LEP2

Calibration needed after annual shutdown
— After each annual shutdown:
10 pb/detector + couple of pb’s over the year

No Z-pole calibration needed after push-pull

For calibration:
— large emittance, low lumi tolerable (Scope Document 2)

L., ? Estimates in the range of 7x10%' -- 7x10%

— Has still to be worked out
— Therefore requirements based on # of Z-events

LCWS08@Chicago G. Moortgat-Pick (IPPP, Durham)



Physics: Z-pole data

« Why do we need such data a.s.a.p.?
— Discrepancy between A and A

SLD: sin g = 0.23008 + 0.00026  (Aza(£)),
LEP: sin?fg = 023221 + 0.00020 (Apg(had)).

— most sensitive tests of the Standard Model via
measurements of the ew observables as sin”0

We do need it already now !!!
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A, » and sin®0,

¢ Accuracy in sin?@ g

- .
-y ¢ .

2(1 — 4sin*6el)

T 11— Asinlpe)

= precision in ALR directly transferred to sin?@

= GigaZ will provide A sin“@ .4 ~1.3 x 10°° (if Blondel scheme)

= only electron polarization at GigaZ: ~9.5 x 107>

= current value

= What could we gain with a 'fraction’ of GigaZ ?
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Strategy

Collect calibration data from several years

(maybe 5y, proposal ?)

Collect data from dedicated Z-pole runs with low lumi
(25 days / year)

‘Full’ GigaZ would take a few 10° low lumi days (on basis of
L =7x10%)

— Makes no sense to aim for that
— In case one had higher L _,;, one could think about that!
GigaZ after ILC physic runs is late anyway....20257? (personal

comment)

But already with such a fraction of the GigaZ
accuracy we gain a lot in physics!
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Physics gain vs. required precision

What are the important input quantities?

— Mass of top:

Heinemeyer, Hollik, Weber, Weiglein ‘08

current theoretical:
mtrinsic

A ;I;tr tu:;-dzwnu_l MeV

tr.tod P
A sin® 9”” P g 4T % 1070

parametric
dm;=1.2 GeV
M Aapag) =35 x 1073

AmPEs™ 11 MeV

Amber Ao 1, 6.3 MV

A sin? Hzgm“m’*:s 3.6 % 107°
. - i _
A sin? Hprm “hady 12 % 102

dmz=2.1 MeV

Amf M 2.5 MeV

A sin® EPW‘ Mo 1.4 % 1072

future parametric

orm;=1 GeV
LHC am:=0.1 GeV

Amir™™ ~ 6 MeV
A f{‘“mt 1 MeV

A sin? o Mt 3 x 10—2
A sin? E?pa'm Hree (), '3 wx 1072

N 5{;‘;&11=u1j =5 x 102

Aﬂzﬁam“mhad =~ 1 MeV

A
A sin? 9Pam “had o | 8 5 1072

ILC
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What is achievable with low lumi Z-data?

« Strategy:
— 10 pb-'/ detector after annual shutdown + couple of pb-' / year

— Collect Z-data for each calibration and dedicated low lumi runs on
the Z-pole
— About 0.6 fb"' needed (~ 100 days) to achieve|sin?0  ~3x 10

(in collaboration with J. List, K. Moenig, S. Riemann, R. Settles,...)

* Why is 3 x 10~ useful and best value for now?

— only progress if A, S A .,
- A

theo dOMinated by Am,
+ currently about Am,,,~1.2 GeV leading to A sin’f; ~ 3.5 x 10
» with exp. LHC Am,,,~1 GeV one ends up A sin?8 4~ 3 x 10

— No further gain as long as not Am,,,~0.1 GeV! ( ILC precision)

LCWS08@Chicago G. Moortgat-Pick (IPPP, Durham) 9



Possible low lumi Z-data: AA, ;(stat)

fﬁ No. of Z's fdws L.a | Plem) Plet) ANArr sin? f.g

6 pb=1 1.8 x 10° 1 90%% 0] 2.7 » 1072 3.4 104

90%% 409 | 3.3 % 1072 4.2 x 104

90%% 60% | 2.2 x 1073 2.8 % 104

| 24 pb=t 7.3 x 10° 4 90%% 0 1.5 102 1.9 = 102
90% 40% 1.6 > 1072 2.1 x 104

B 90%% 60% 1.1 x 1073 1.4 x 1074
60 pb=t 1.8 x 10° 10 90%% 0] 1.1 = 1073 1.4 104

Q0% A09% 1.0 %1072 1.3 % 1074

90%% 609% | 7.0 x 107 8.9 x 10°°

0.6 th—1! 18 = 10° 100 90%% 0 8.1 = 107 1.0 1074

90%% 40% | 3.3 x107% 4.2 x107°

L 90%% 60% | 2.2 x 107* 2.8 % 10—
0.9 fb—t 27 = 10° 150 90%% 0] 70 x107% 1.0 x 1074

90% 409 | 2.7 =« 107* 3.4 x 102

90%% 60% 1.8 < 10~* 2.3 < 10—°

[ 1.2fht 36 < 10° 200 90%% 0 7.0 % 107% 1.0 % 1074
90%% 409% | 2.3 =« 107+ 3.0 = 10—°

90%% 60% 1.6 = 107* 2.0 % 10—
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Physics gain with sin®0_=3 x 105

* Hints for new physics in worst case scenarios:
_ Only Higgs @LHC Heinemeyer, Hollik, Weber, Weiglein '07 + Power report

I I I I ik I I I
— No hints for SUSY ” .
R =41
S —————————— —
* Deviations at W
Z-pole w7
- @ - A .
. Samif [ 3PSta gt 4
— Hints for SUSY SRR :
1z .
* Powerful test! [ s S, 6 s
02312 [ dndan, imskalien & Jarghna M e I:h'_::l‘y'. Amaaic :."|'._I‘:.... W, i O, ;;“ ]
— We should not  mepoti s
miss this option [ mmmmmem ]
0 200 00 400 500 600 700 S0 900 1000
rni. [Gev]
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What'’s the role of polarization?

Derive the statistical uncertainty of A
If only polarized electrons:
A A determined by polarimeter uncertainty

Ar=1/P(e-) x [o -0oR] /[0, + O]
— Pure error propagation:
uncertainty depends on Ao, Aoy, AP/P

_ EnAarlarnn ctatictire ~ (an > 7 _ harl\.'.ﬁﬂ nh-
] Ul idal uc alallatl\la, \Y/ \GG L S ' ’ =TV 1INV,

main uncertainty from AP/P~ 0.5 % up to 0. 25%
— Since ‘only’ calibration and begin of ILC, we assume
AP/P = 0.5 %
— Higher P(e’) better, we assumed 90%
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Blondel Scheme

« Two polarized beams available
— Express A only by cross sections

g = ’-Tunpl:-l[l - RJ—PP‘F T ALE*.(_-IDIE'+ - PP—H:

[
Nopp+o—0_y—0 )04t —0_y+0__)

5 s &

V ICU-|--|- -I' J-|-— ‘I' fj_.|. ‘I' G-__j][:_g_|_+ ‘I‘ G_|__ ‘|‘ I':.r__|_ - G'__j]

‘ilLR —

— Pure error propagation:
uncertainty depends on Ao, Ag,g, Aoy, Aogg not on AP/P

— Only relative measurements wrt flipping polarization needed
AP /P =0.5 % should be sufficient

— Some calibration time in LL and RR required

assumed 10%, but that’s not the optimum (see later)
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Dependence of AA, .(stat) on P(e”)

. 6 y ;'ifh_l:g D_D'I]-E
e On basis of 10° Z’s 0.0013 |

0.0018 |

* P(e*) important Coota |

U.ooz

« Strictly speaking: 0001 |

L.oogs
P(e*)=60% desirable 0.0005 |
00004 o
0.0002 e e _

01 02 03 04 05 06 07 08 09 1
P+

=)

cf also Hawkings, Moenig, 1999 on basis of 10° Z-events, GigaZ studies

LCWS08@Chicago G. Moortgat-Pick (IPPP, Durham) 14



Dependence of AA, n(staty on L,, and L _

- What is the optimum time

. i AA 0.0018
running in (++) and (--) el
R |
mode? —
e Assume P(e*)=40% 0.0012 |
» Best value at about 000t
m ] . Im F Y V.V, D'DDDB i
(L, -L.. )L =25% o |
» But does not significantly 0.0004 -
reduce the uncertainty! — | |
_ _ 0001 0.01 0.1 1
* Higher P(e+) more effective (CD +£070) Ly
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Schemes for e* production

 Several possibilities to achieve the Z-pole:

— Deceleration of e- beam after 150 GeV point
» still to high for Z-pole: slight fine tuning with E, needed

« some emittance dilution but larger energy spread
(probably ok)

— Running of undulator at lower energy, E,=50GeV
* dependence on higher harmonics, K value tuning useful
* lower lumi but ok for calibration (estimated 7x10%! ok)
 Larger emittance (but ok for calibration)
* [ff problems: bypass solution

LCWS08@Chicago G. Moortgat-Pick (IPPP, Durham)
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How to reach the Z-pole?

 Other possibility:
— use other e- source for undulator, but inject e- beam
for calibration from DR after undulator ?

— probably too much effort, but should be studied ......
« What about undulator at 250 GeV option? (‘minimal

machine’ approach)

— Running at 50 GeV and same as before (higher harm,
K-value)

— Bypass solution, etc.
So no showstopper (also for high energy physics run)...
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Conclusion

* Promising physics case for using low lumi Z-pole data

— Large physics gain in ew prec. Physics, A g Vs A, worst case
scenarios, etc (see forthcoming paper)

— Powerful tests at an early stage and (GigaZ comes late, but could be
further motivated by these low lumi data)

— Polarized e- and e+, helicity flipping and polarimeters needed (see
other talks of Jenny, Sabine and Ken)

 Different schemes possible for e+@Z-pole, optimization
needed

« We should not miss this opportunity!
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