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1. Synchrotron radiation loss

Accordingto the formula (1), the synchrotrorradiationlossscalesasE** R?, oncev Yc. However,in orderto compensatéor
thefalling crosssections ! 1‘ E?, we needto increasel ! E?, whichrequiresV. ! E accordingo Eq. (2) if f. is keptconstant.
Therefore the overall synchrotronlossscalesasE®* R? to maintainthe sameeventratefor annihilationprocesses. Of course,
onecould havechoserto increasaherepetitionrate . | E2, but thatwould requirethe numberof bunchedo increaseasE?, and
the synchrotrorradiationlossasE®* R2. Thereforejncreasinghe numberof electronsn the beamis more benefitial (if it is

possibleto maintainthe beamstableis an entirely differentmanner). Using R = 27km for E = 10C GeV (Vs = 200 GeV for
LEP-II), we scaleit upto R = 27km* K2 TeV+200GeWVI®? = 850(km. Thisis clearlyimpractical.

Thereis currentlyonly one known way to overcomethis problemin designinghigherenergye* e~ colliders. You makeit

completelylinear, with two beamscolliding head-onfrom two LINACs (LINear ACcelerators). This is the conceptbehindthe
ILC (InternationaLinearCollider).
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2. ag from J/y decay

Accordingto the PDG particlelisting, the branchingfractionsof /¢y decaysare

inclusivehadronic:  87.7" 0.5%

amongwhich virtual photoncontributionis 13.50" 0.30%

nt nT: 5.93" 0.06%
Separatingout the g g ¢ contribution (non-virtual-photorpiece),we find 74.2" 0.6% (assumedincorrelatedsaussiarerror,
which maynotbetoo conservative.)Takingtheratioto nt nT, wefind
Hey-gggl
CHey—-p* p L
ordercorrectionss actuallymuchbiggerthanthis error barwhich we ignore. (Actually at this energy,a is morelike 1+134,
which changegheresultvery little.) Thisresultis notcrazy(butalittle low), comparedo Fig. 9.2in lan Hinchliffe's reviewon
QCDin PDG,http://pdg.Ibl.gov/2007/reviews/qcdrpp.pdf

=12.5" 0.1€. Equatingit to the lowestorderprediction,we find a, = 0.205" 0.001. Theerrordueto the higher

As a crosscheck,we canseeif the hadronicwidth throughthe virtual photonagreeswith the lowestorderformula. We find
Hey—>qql
THey—-u* uL
that we ignorethe higherorder QCD corrections. We seethatthereare 10-20%errorsbecausave ignoredthe higherorder

corrections.

2 2 2
= 2.28 which shouldbe comparedo N.d2M+ | -M+ | Z-MN= 2, which is in & reasonably goodagreemengiven
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3. J/y line shape

The crosssectioninto g g g final stateis given by the Breit-Wignerformulabecausehereis no interferencewhile thatinto ¢ ¢

final stateinterfersbetweertheresonantndvirtual photoncontributions. The Breit-Wignercontributionis

2J+1 4n m? T2 127 m? T2
SBw = - Bin Bout = === —————— Bin Bout-
RS +1LR S, +1L g2 |s—m2|\3|+m2 r2 $ Is—mzl\ﬁ+m2 2

The caseof thent nT final statehastheinterferenceandthe crosssectionis
. 2
S = 4na? = &s
3s s—m*+imT
To fix X, we dropthe non-resonanpieceandrequireit givesthe Breit-Wignerformula,
4ra? £ 5 127 m? 2
zr - =T "™ B.B
3s =N T2 S ls—nNm? T2 n Pout
andhence(usings Yam?),
a?x*m?=9GB,.B,,
or
axlm= 3GB;
Havingfixed x, the crosssectionto theq ¢ final stateis
4ra? g 3ml By 1 Byq
= + —_— =
S 3s = @ s—m>+imT By




86
PlotB
s 10°

1
m->3096.916, ' > 93.4, a-
137

9s, 3096.916° - 10x3096.916 93.4, 3096.916° + 10x3096.916 x 93.4=F

7.4107°
6.1107°
5.u107°
4.1107°
3.u107°
2.u107°
1.u107°

I

AbsB1 +

3mGB

1

2
Bqq

a

¢+ Bil

s-m?+ImG By

-0.0594, By » 0.1350>,

PlotB0.389 10°

1
m->3096.916, I' > 93.4, a-
137

9s, 3096.916° - 10 % 3096.916 93.4, 3096.916° + 10 x 3096.916 x 93.4=F

40000

30000

20000

10000

8.u10°

9.1 108

1.u10’

L1107 12107

2

s 10

AbsB

r Bil

F Bggg Bil * .

s-m?’+ImG

-0.0594, Bgg » 0.1350, Bggg » 0.877 - 0.1350>,

8. 10°

9.1 108

1.u107

1L.1p10”  1.2p107

HW1.nb | 3



a4

HW1.nb

86.8 3mGB 1
PlotB AbsB

s10°® a

2
Bggg
F

s-m?+ImG By

1
‘m->3096.916, ' - 93.4, a- , By
137

9s, 3096.916° - 10x3096.916 93.4, 3096.916° + 10x3096.916 x 93.4=F

40000

30000

20000

10000

-0.0594, Byg » 0.1350, Bggg » 0.877 - 0.1350>,

8.1 108 9.110° Lp10”  1.1p107
Show@s, %%D
40000
30000

20000

10000

8.u10° 9.1 108 1.u107

1L.1pn10"  1.2p107



HW1.nb | 5

86.8 3mGB, 1 2By 86.8 3mGB, 1 2 Bggg
PlotB AbsB1 + F —+ AbsB F

s10® a s-m2+ImG B g10° a s-m+ImG B

1
:m->3096.916, I' > 93.4, a - , Bl - 0.0594, Bgg - 0.1350, Byyy » 0.877 - 0.1350>,
137

9s, 3096.916° - 10x3096.916 93.4, 3096.916° + 10x3096.916 x 93.4=F

40000 [
30000 -
20000 [
10000 [
\F\‘i S S HOY R N S s el
8.u10° 9.1 108 1.u107 1L1pn10”  1.2p107
PlotBNIntegrateB
2 2
1 (s -t */y/s2 86.8 3mGB; 1 Bqq 86.8 3mGB; 1
g (V3 )/2/* AbsB1 + F — =+ AbsB F
V2p s s10° a s-m’+ImG Bi s10° a s-m+1ImG
Bggg

1
+.:m->3096.916, I » 93.4, a - , Bl —0.0594, Bgg - 0.1350, Bggg - 0.877 - 0.1350> « .
137

By
80 0.90<, 9s, Ht - 10L%, Ht + 10L2=F, 8t, 15462, 1551 % 2<F

83u10°F
8.28 109}
8.26 109}
8.24p 109}

8.22p10°

1 1 1 1 1 1 1 1 1 1 1 1
3094 3096 3098 3100 3102



