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ࡄ ëɾŏȘƇŏɟƇ �ȩƇƚȀࡇ îߞνߞ/ߝ ∼ ߥߝߜߝ − ߠߞߜߝ ʿɟ
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Ϫ�T7� ·΅ Ϭ΅ϭ ΄Άϫ
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ࡄ $ƚʿȩȘƇ ɾǕƚ ëɾŏȘƇŏɟƇ �ȩƇƚȀࡈ �ƚɔɾȩȘ �ʕȒųƚɟ
ʲǞȩȀŏɾǞȩȘ→ �ŏǲȩɟŏȘŏ ȘƚʕɾɟǞȘȩ

ࡄ b̥ξ̙˨ࡇ îߜνߞ/ߝ[ߢߣbƚ] > ߥ.ߜ · ߢߞߜߝ ʿɟ ࣷߜߥ ࡏ�ࡏ+
Ϫϙ΅ΈϟĆ�ÉÐ�ÐϙΈ·Ά΄ϫ
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4ȩʕųȀƚࡷβ Ƈƚżŏʿࡇ ƚȘƚɟǃʿ ɯɔƚżɾɟʕȒ
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� Ȓƚŏɯʕɟƚ ȩǀ ɾǕƚ ƚȘƚɟǃʿ Ǟɯ
ȗƙżƙɫɫŏɛʻ ŏȘƇ ɫʑƿ˛żǝƙȗɺࡈ Ǟɾ Ǟɯ
ɟƚɛʕǞɟƚƇࡇ
ࡄ ŏ ǃȩȩƇ ƚȘƚɟǃʿ ɟƚɯȩȀʕɾǞȩȘ
ࡄ ųŏżǺǃɟȩʕȘƇ ɟƚƇʕżɾǞȩȘ
ɾƚżǕȘǞɛʕƚɯ

�E = 1%

�E = 3.5%

�E = 10%

Matteo Agostini (TU Munich) 13�ʕǞǃǞ ÚƚɟɾȩȀƇǞ ࡠÜ�ßêÐÂ�°ՠÜ�ϙ°É§Éϙ°ê ࡴ Ćb�4ࡈߥߝߜߞ ë̥;̙˨͖ ࡴ �ŏɟżǕ ࡈߣ ߥߝߜߞ ߢߞࡕߞ



ĦǕʿ ɯɾʕƇʿǞȘǃ ɾǕƚ ƇȩʕųȀƚࡷβ Ƈƚżŏʿࡐ

÷Ǖƚ ɯƚŏɟżǕ ǀȩɟ νββߜ Ǟɯ Șȩɾ ŏ Ȓƚɟƚ ȒƚŏɯʕɟƚȒƚȘɾ ȩǀ ȘƚʕɾɟǞȘȩ࢈ɯ ǞȘɾɟǞȘɯǞż ɔɟȩɔƚɟɾǞƚɯࡈ ǲʕɯɾ
ȀȩȩǺ ŏɾ ɾǕƚ Ǖʕǃƚ ȀǞɾƚɟŏɾʕɟƚ ɔɟȩƇʕżɾǞȩȘߝ

ࡄ �ƚɔɾȩȘ ȘʕȒųƚɟ←→ $ŏɟǞȩȘ ȘʕȒųƚɟ→ bĆ÷ɯࡈ ųŏɟʿȩǃƚȘƚɯǞɯ Șȩɾ ǃʕŏɟŏȘɾƚƚƇࡋ
ࡄ ŏȀȒȩɯɾ ŏȀʶŏʿɯ �ŏǲȩɟŏȘŏ Ȓŏɯɯ ɾƚɟȒ ɔɟƚƇǞżɾƚƇ ʺųȧࡹųǿŏżǹ ɾǕƚȩɟƚȒ
ࡄ ɔɟȩʲǞƇƚɯ ŏżżƚɯɯ ɾȩ Ȁȩɾɯ ȩǀ ǀʕȘƇŏȒƚȘɾŏȀ ɔŏɟŏȒƚɾƚɟɯࡈ ɯǕŏɟƚƇ ȩɟ Șȩɾ ʶǞɾǕ ȩɾǕƚɟ
ƚʾɔƚɟǞȒƚȘɾŏȀ ɾƚżǕȘǞɛʕƚɯ

ࡄ ɯɾŏȘƇŏɟƇ ǞȘɾƚɟɔɟƚɾŏɾǞȩȘࡇ ɺǔƙ ȗƙʑɺɛǝȗȧ ɺǔŏɺ ȑƙƆǝŏɺƙɫ νββߜ ǝɫ ɺǔƙ ȧȗƙ ɺǔŏɺ ȧɫżǝǿǿŏɺƙɫ
ŏȗƆ ɺǔƙ ãɺŏȗƆŏɛƆ �ȧƆƙǿ ǝɫ ŏȗ ƙƿƿƙżɺǝʮƙ ɺǔƙȧɛʻ ȧƿ ɫȧȑƙ `ýî ɯƚƚɯŏʶ ȒƚżǕŏȘǞɯȒ

ࡄ +ȩȘȘƚżɾǞȩȘ ʶǞɾǕ ɾǕƚ �ŏǲȩɟŏȘŏ ƚǀǀƚżɾǞʲƚ Ȓŏɯɯࡇ (îߜνߞ/ߝ)−ߝ = νߜ` |Mߜν ߞȑߞ|
ββ → °ɯżǞȀȀŏɾǞȩȘ

ɔŏɟŏȒƚɾƚɟɯ ŏȘƇ ŏųɯȩȀʕɾƚ ȘƚʕɾɟǞȘȩ Ȓŏɯɯ ɯżŏȀƚ

ࡄ żȩʕȘɾȀƚɯɯ ȘȩȘࡷɯɾŏȘƇŏɟƇ ǞȘɾƚɟɔɟƚɾŏɾǞȩȘɯߝ

ࡏĦߝ áȩƇƚǲȩǕŏȘȘࡈ Ϫ,7ATϔ �  Ϭϭ Έϫ

�ʕǞǃǞ ÚƚɟɾȩȀƇǞ ࡠÜ�ßêÐÂ�°ՠÜ�ϙ°É§Éϙ°ê ࡴ Ćb�4ࡈߥߝߜߞ ë̥;̙˨͖ ࡴ �ŏɟżǕ ࡈߣ ߥߝߜߞ ߢߞࡕߟ
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bCáȒŏȘǞʕȒ 4ƚɾƚżɾȩɟ �ɟɟŏʿ

b̥ξ̙˨ ȀȩȩǺɯ ǀȩɟ νββߜ
ʶǞɾǕ ƚȘɟǞżǕƚƇࡈ ǕǞǃǕࡷ
ɔʕɟǞɾʿ bƚߢߣ Ƈƚɾƚżɾȩɟɯ
ɯȩʕɟżƚ = Ƈƚɾƚżɾȩɟ

ࡄ vȘɯɾŏȀȀƚƇ ŏɾ ��bë
ߜߜߡߟ Ȓࡏʶࡏƚࡈࡏ ǞȘ
ŏżɾǞʲǞɾʿ ɯǞȘżƚ →ߥߜߜߞ
ÚǕŏɯƚ v

ࡄ mŏɟƇʶŏɟƚ ʕɔǃɟŏƇƚ
→ߡߝߜߞ ÚǕŏɯƚ vv

χ͖̐;ϑ͖ͱͱ˨ϑΎξχ
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bƚߢߣ ̙̥ϑ̥̐ϑΎξχmߞ°

+ʕ χ͖̥͑ͱ̙͖;͇



b̥ξ̙˨ Ú͑˨χ̥ vv



bCáȒŏȘǞʕȒ 4ƚɾƚżɾȩɟ �ɟɟŏʿ ࡴ ÚǕŏɯƚ vv Ϫ�T7� ϬΈϭ ·Έϓ ΈΈϫ

Ȁȩʶ Ȓŏɯɯ
ɯǞȀǞżȩȘ ɯʕɔɔȩɟɾɯ

Ȁȩʶ ɟŏƇǞȩࡷŏżɾǞʲǞɾʿ ƚȀƚżɾɟȩȘǞżɯ
��ɟ ʲƚɾȩ

ߜߞ Ǻǃ
$Cbƚ ɾʿɔƚ
Ƈƚɾƚżɾȩɟɯ



÷Ǖƚ b̥ξ̙˨ Ƈƚɾƚżɾȩɟɯ

ࡄ bƚߢߣ ƇȩʕųȀƚࡷβ Ƈƚżŏʿࡇ →bƚߢߣ +ëƚߢߣ −ƙߞ

ࡄ ßࡷʲŏȀʕƚࡇ Øββ = ߥߟߜߞ Ǻƚģ
ࡄ bƚߢߣ ƚȘɟǞżǕƚƇ ࣷߣߤ ʕȀɾɟŏࡷɔʕɟƚ
Ƈƚɾƚżɾȩɟɯࡇ

ࡄ ɯȩʕɟżƚ = Ƈƚɾƚżɾȩɟࡇ ǕǞǃǕ ƚǀ˙żǞƚȘżʿ
ࡄ ɟŏƇǞȩࡷɔʕɟǞɾʿࡇ ŏȀȒȩɯɾ ȘʕȀȀ ǞȘɾɟǞȘɯǞż
ųŏżǺǃɟȩʕȘƇ

ࡄ ǕǞǃǕ ƇƚȘɯǞɾʿࡇ νββߜ ɔȩǞȘɾࡷȀǞǺƚ ɾȩɔȩȀȩǃʿ
ࡄ ɯƚȒǞżȩȘƇʕżɾȩɟࡇ ࣷߞࡏߜ _Ħm� ŏɾ Øββ

ࡄ ǃɟƚŏɾ ǀȩɟ ÚʕȀɯƚ ëǕŏɔƚ 4ǞɯżɟǞȒǞȘŏɾǞȩȘ
Úë4

ࡄ ɾʶȩ ƇǞǀǀƚɟƚȘɾ ǃƚȩȒƚɾɟǞƚɯࡇ $Cbƚ
∽ ߜߞ Ǻǃ ŏȘƇ ɯƚȒǞࡷżȩŏʾǞŏȀ ∽ ߡߝ Ǻǃ

�ʕǞǃǞ ÚƚɟɾȩȀƇǞ ࡠÜ�ßêÐÂ�°ՠÜ�ϙ°É§Éϙ°ê ࡴ Ćb�4ࡈߥߝߜߞ ë̥;̙˨͖ ࡴ �ŏɟżǕ ࡈߣ ߥߝߜߞ ߢߞࡕߢ

BEGe

Coax
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4ŏɾŏ ųƚǀȩɟƚ ųŏżǺǃɟȩʕȘƇ żʕɾɯ
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$ŏżǺǃɟȩʕȘƇ ȒȩƇƚȀ

÷Ǖƚ b̥ξ̙˨ ǃƚȩȒƚɾɟʿ Ǟɯ ǞȒɔȀƚȒƚȘɾƚƇ ʶǞɾǕ b̥˨;ϑߠ
ǞȘ �˨b̥ Ϫ7ϙTāãϙ�ÐÉ§ϙ[�ßϙ Ή ϬΆϭ Άϫ
ǞȘ żȩȀȀŏųȩɟŏɾǞȩȘ ʶǞɾǕ �˨ͩΎξ˨;˨

(a)

(b)

(c) (d)

(e) (f)



$ŏżǺǃɟȩʕȘƇ ȒȩƇƚȀ

�Ș ŏżżʕɟŏɾƚ ųŏżǺǃɟȩʕȘƇ ȒȩƇƚȀ Ǟɯ ƚɯɯƚȘɾǞŏȀ ǞȘ ȩɟƇƚɟ ɾȩ ƚɯɾǞȒŏɾƚ ɾǕƚ ųŏżǺǃɟȩʕȘƇ żȩȒࡷ
ɔȩɯǞɾǞȩȘ ŏɟȩʕȘƇ Øββ ŏȘƇ ɾȩ ɯɾʕƇʿ ɾǕƚ ɯɔƚżɾɟŏȀ ɯǕŏɔƚ ȩǀ νββߞ νββߜ ʶǞɾǕ �ŏǲȩɟȩȘ
ƚȒǞɯɯǞȩȘࡈ �ȩɟƚȘɾˌࡷʲǞȩȀŏɾǞȘǃ ɔɟȩżƚɯɯƚɯࡏࡊ

ࡄ $ŏʿƚɯǞŏȘ ŏȘŏȀʿɯǞɯ ʶǞɾǕ ɯżɟƚƚȘǞȘǃ ȒƚŏɯʕɟƚȒƚȘɾɯ ŏɯ ɔɟǞȩɟɯ
ࡄ ƇƚƇǞżŏɾƚƇ ȒȩƇƚȀ ǀȩɟ αࡷƚʲƚȘɾɯ ŏȘƇ ǀȩɟ ɔȩɾŏɯɯǞʕȒ γࡷȀǞȘƚɯ
ࡄ ࡠȘƚʶ ʕɯƚ ɾʶȩࡷƇƚɾƚżɾȩɟ ƚʲƚȘɾɯ ɾȩ ųƚɾɾƚɟ żȩȘɯɾɟŏǞȘ ɾǕƚ ųŏżǺǃɟȩʕȘƇ
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$ŏżǺǃɟȩʕȘƇ ȒȩƇƚȀ ųƚǀȩɟƚ żʕɾɯ

ࡠɔɟƚȀǞȒǞȘŏɟʿ ɟƚɯʕȀɾɯ ǀȩɟ ǀʕȀȀ ÚǕŏɯƚ vv ƚʾɔȩɯʕɟƚ
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$Cbƚ ƚʲƚȘɾ ɾȩɔȩȀȩǃʿ

ëǞȘǃȀƚ ëǞɾƚ CʲƚȘɾ �ʕȀɾǞɔȀƚ ëǞɾƚ CʲƚȘɾ





ëƚȒǞࡷżȩŏʾǞŏȀ ƚʲƚȘɾ ɾȩɔȩȀȩǃʿ

$ȩɾǕ ƚȀƚżɾɟȩȘɯ ŏȘƇ ǕȩȀƚɯ żȩȘɾɟǞųʕɾƚ ɾȩ ɾǕƚ ɯǞǃȘŏȀ
→ ɯǞȘǃȀƚࡷɯǞɾƚ ƚʲƚȘɾɯ ɔɟȩƇʕżƚ żȩȒɔȀƚʾ ɯǕŏɔƚɯ
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ÚʕȀɯƚ ëǕŏɔƚ 4ǞɯżɟǞȒǞȘŏɾǞȩȘ ɾƚżǕȘǞɛʕƚɯ

$Cbƚ→ żʕɾ ȩȘ �/A ɔŏɟŏȒƚɾƚɟ
�/A = żʕɟɟƚȘɾ ŏȒɔȀǞɾʕƇƚ ࡕ ƚȘƚɟǃʿ

ȒʕȀɾǞࡷɯǞɾƚ ƚʲƚȘɾɯ Ǖŏʲƚ Ȁȩʶƚɟ �/A ɾǕŏȘ
ɯǞȘǃȀƚࡷɯǞɾƚ ƚʲƚȘɾɯ

ɯǞȘǃȀƚࡷɯǞɾƚ ƚʲƚȘɾ Ǖŏʲƚ ʲƚɟʿ ɯǞȒǞȀŏɟ ɔʕȀɯƚ
ɯǕŏɔƚɯ

+ȩŏʾ→ �ƚʕɟŏȀ �ƚɾʶȩɟǺ ���
ǞȘɔʕɾ ʲŏɟǞŏųȀƚɯࡇ ɾǞȒƚɯ ʶǕƚȘ ɾǕƚ ɔʕȀɯƚ
ɟƚŏżǕƚɯ ŏ ǃǞʲƚȘ ɟƚȀŏɾǞʲƚ ǕƚǞǃǕɾ ࣷߝ ࡊ ࣷߥߥ

+ȩŏʾ→ ɔʕȀɯƚ ɟǞɯƚࡷɾǞȒƚ żʕɾ ࡠȘƚʶ
ɾȩ ɟƚǲƚżɾ ŏȀɯȩ ǀŏɯɾ ɯʕɟǀŏżƚ ƚʲƚȘɾɯ
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$Cbƚ Ƈŏɾŏɯƚɾ ʶǞɾǕ ƚȘƚɟǃʿ ߞߠߜߞ Ǻƚģ

ɯ࢈Ȁƚɾࡊ ɯɔƚŏǺ ȩǀ ɔɟȩųŏųǞȀǞɾʿ ɾǕƚȘ

�ʕǞǃǞ ÚƚɟɾȩȀƇǞ ࡠÜ�ßêÐÂ�°ՠÜ�ϙ°É§Éϙ°ê ࡴ Ćb�4ࡈߥߝߜߞ ë̥;̙˨͖ ࡴ �ŏɟżǕ ࡈߣ ߥߝߜߞ ߢߞࡕߞߞ



$ŏżǺǃɟȩʕȘƇ vȘƇƚʾ v$

+ŏȀżʕȀŏɾƚƇ ǞȘ ,ߜߟߥߝ] [ߜߥߝߞ Ǻƚģࡈ ƚʾżȀʕƇǞȘǃ ߡ± Ǻƚģ ŏɟȩʕȘƇ ࡈȀ÷ߤߜߞ Ǟ$ߠߝߞ ŏȘƇ Øββ

3−10

2−10

1−10

yr
 )

⋅
kg⋅

C
ou

nt
s 

/ (
 k

eV

yr⋅enriched coaxial - 23.1 kg

G
ER

D
A 

18
-0

6Tl208 Bi214

1950 2000 2050 2100 2150
Energy (keV) 

3−10

2−10

1−10

yr
 )

⋅
kg⋅

C
ou

nt
s 

/ (
 k

eV

yr⋅enriched BEGe - 30.8 kg σ 2 ± ββQ

�ǀɾƚɟ ɟƚȒȩʲǞȘǃ ɾǕƚ ųȀǞȘƇǞȘǃ ʶǞȘƇȩʶࡊ

$Cbƚ ߠ.ߞ−ߠ.ߟ+ߢ.ߡ · ߠ−ߜߝ żɾɯࡕǺƚģ·Ǻǃ·ʿɟ
+ȩŏʾ ߢ.ߞ−ߝ.ߠ+ߣ.ߡ · ߠ−ߜߝ żɾɯࡕǺƚģ·Ǻǃ·ʿɟ

�ŏɯɾ ʕȘųȀǞȘƇǞȘǃࡇ ȩȘƚ Șƚʶ ƚʲƚȘɾ ǞȘ ɾǕƚ
$Cbƚ Ƈŏɾŏɯƚɾ ʶǞɾǕ ƚȘƚɟǃʿ ߞߠߜߞ Ǻƚģ

ɯ࢈Ȁƚɾࡊ ɯɔƚŏǺ ȩǀ ɔɟȩųŏųǞȀǞɾʿ ɾǕƚȘ

�ʕǞǃǞ ÚƚɟɾȩȀƇǞ ࡠÜ�ßêÐÂ�°ՠÜ�ϙ°É§Éϙ°ê ࡴ Ćb�4ࡈߥߝߜߞ ë̥;̙˨͖ ࡴ �ŏɟżǕ ࡈߣ ߥߝߜߞ ߢߞࡕߞߞ





$ŏżǺǃɟȩʕȘƇ vȘƇƚʾ v$

+ŏȀżʕȀŏɾƚƇ ǞȘ ,ߜߟߥߝ] [ߜߥߝߞ Ǻƚģࡈ ƚʾżȀʕƇǞȘǃ ߡ± Ǻƚģ ŏɟȩʕȘƇ ࡈȀ÷ߤߜߞ Ǟ$ߠߝߞ ŏȘƇ Øββ

3−10

2−10

1−10

yr
 )

⋅
kg⋅

C
ou

nt
s 

/ (
 k

eV

yr⋅enriched coaxial - 23.1 kg

G
ER

D
A 

18
-0

6Tl208 Bi214

1950 2000 2050 2100 2150
Energy (keV) 

3−10

2−10

1−10

yr
 )

⋅
kg⋅

C
ou

nt
s 

/ (
 k

eV

yr⋅enriched BEGe - 30.8 kg σ 2 ± ββQ

�ǀɾƚɟ ɟƚȒȩʲǞȘǃ ɾǕƚ ųȀǞȘƇǞȘǃ ʶǞȘƇȩʶࡊ

$Cbƚ ߠ.ߞ−ߠ.ߟ+ߢ.ߡ · ߠ−ߜߝ żɾɯࡕǺƚģ·Ǻǃ·ʿɟ
+ȩŏʾ ߢ.ߞ−ߝ.ߠ+ߣ.ߡ · ߠ−ߜߝ żɾɯࡕǺƚģ·Ǻǃ·ʿɟ

�ŏɯɾ ʕȘųȀǞȘƇǞȘǃࡇ ȩȘƚ Șƚʶ ƚʲƚȘɾ ǞȘ ɾǕƚ
$Cbƚ Ƈŏɾŏɯƚɾ ʶǞɾǕ ƚȘƚɟǃʿ ߞߠߜߞ Ǻƚģ

ɯ࢈Ȁƚɾࡊ ɯɔƚŏǺ ȩǀ ɔɟȩųŏųǞȀǞɾʿ ɾǕƚȘ

�ʕǞǃǞ ÚƚɟɾȩȀƇǞ ࡠÜ�ßêÐÂ�°ՠÜ�ϙ°É§Éϙ°ê ࡴ Ćb�4ࡈߥߝߜߞ ë̥;̙˨͖ ࡴ �ŏɟżǕ ࡈߣ ߥߝߜߞ ߢߞࡕߞߞ



ëɾŏɾǞɯɾǞżŏȀ ŏȘŏȀʿɯǞɯ

ࡄ ÷ȩɾŏȀ ƚʾɔȩɯʕɟƚ ߠࡏߞߤ Ǻǃ·ʿɟ ǞȘżȀʕƇǞȘǃ ÚǕŏɯƚ v
ࡄ ˚ŏɾ ųŏżǺǃɟȩʕȘƇ ࣹ ǃŏʕɯɯǞŏȘ ǀȩɟ νββߜ
ࡄ żȩȒųǞȘƚƇ ˙ɾ ȩǀ ߣ Ƈŏɾŏɯƚɾ

ǀɟƚɛʕƚȘɾǞɯɾ $ŏʿƚɯǞŏȘ

ȒƚƇǞŏȘ ɯƚȘɯǞɾǞʲǞɾʿ ȀǞȒǞɾ ɯƚɾɾǞȘǃ ߝ.ߝ · ߢߞߜߝ ʿɟ ߤ.ߜ · ߢߞߜߝ ʿɟ
ųƚɯɾࡷ˙ɾ ȘʕȒųƚɟ ȩǀ νββߜ żȩʕȘɾɯ ߰ ߰
îߜνߞ/ߝ > ߥ.ߜ · ߢߞߜߝ ʿɟ > ߤ.ߜ · ߢߞߜߝ ʿɟ
⟨ȑββ⟩ ߲߳ࡏ߰ࡵ߰߱ࡏ߰ ƚģ
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b̥ξ̙˨ Ú͑˨χ̥ vvࣹ



b̥ξ̙˨ ÚǕŏɯƚ vvࣹ ʕɔǃɟŏƇƚ

ࡄ �ƚʶ ߡ vȘʲƚɟɾƚƇ +ȩŏʾǞŏȀ ÚȩǞȘɾࡷ+ȩȘɾŏżɾ v+ȩŏʾ
Ƈƚɾƚżɾȩɟɯ ߥ Ǻǃ

ࡄ ƚʾżǕŏȘǃƚƇ ɯȩȒƚ ࢆƇǞɟɾʿࢅ żŏųȀƚɯ
ࡄ Șƚʶ ��ɟ ʲƚɾȩࡇ ƇƚȘɯƚɟ ˙ųɟƚ żʕɟɾŏǞȘ ŏȘƇ ȒǞƇƇȀƚ
ɯɾɟǞȘǃ żʕɟɾŏǞȘ

ࡄ ɟʕȘ ʕȘɾǞȀ ʶƚ ɟƚŏżǕ ߜߜߝ Ǻǃ·ʿɟ ƚʾɔȩɯʕɟƚ
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ëϟͻͻ˨ξІ



ëʕȒȒŏɟʿ

b̥ξ̙˨ Ǟɯ ŏ ȀƚŏƇǞȘǃ ƚʾɔƚɟǞȒƚȘɾ ǞȘ ɾǕƚ νββߜ ɯƚŏɟżǕࡈ Ȁȩʶƚɯɾ ųŏżǺǃɟȩʕȘƇ ƚʲƚɟ ɟƚŏżǕƚƇ
ŏɟȩʕȘƇ Øββ ࡏ $ŏżǹǂɛȧʑȗƆࡹƿɛƙƙ ɟƚǃǞȒƚ ȒŏǞȘɾŏǞȘƚƇ ǀȩɟ ɾǕƚ ʶǕȩȀƚ ÚǕŏɯƚ vvࡏ

vȒɔȩɟɾŏȘɾ ȒǞȀƚɯɾȩȘƚɯ ȩǀ ÚǕŏɯƚ vvࡇ
ࡄ ߢ · ߠ−ߜߝ żɾɯࡕǺƚģ·Ǻǃ·ʿɟ ųŏżǺǃɟȩʕȘƇ ǞȘƇƚʾ
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ߤߝߜߞ b̥ξ̙˨ ʕɔǃɟŏƇƚࡇ
ࡄ Șƚʶ ǞȘʲƚɟɾƚƇ żȩŏʾǞŏȀ ɾʿɔƚ Ƈƚɾƚżɾȩɟɯ→
Ȓȩɟƚ bƚߢߣ Ȓŏɯɯ

ࡄ Șƚʶ ��ɟ ʲƚɾȩ ɯʿɯɾƚȒ→ ǞȒɔɟȩʲƚƇ ȀǞǃǕɾ
ʿǞƚȀƇ
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$ƚʿȩȘƇ b̥ξ̙˨

ࡄ Șƚʶ żȩȀȀŏųȩɟŏɾǞȩȘ ˨b̥ξ̙ ࣹ �˨ͩΎξ˨;˨ ࣹ ࡊ ǀȩɟȒƚƇ ǞȘ °żɾȩųƚɟ ߢߝߜߞ
ࡄ ǃȩŏȀࡇ ߝ ɾȩȘ ȩǀ bƚߢߣ
ࡄ ˙ɟɯɾ ɔǕŏɯƚ ࡇŏɔɔɟȩʲƚƇ ߜߜߞ Ǻǃ ǞȘ b̥ξ̙˨
ࡄ ǀʕɟɾǕƚɟ ųŏżǺǃɟȩʕȘƇ ɟƚƇʕżɾǞȩȘ
ࡄ ʕɔ ɾȩ ߣߞߜߝ ʿɟ ɯƚȘɯǞɾǞʲǞɾʿ ǞȘ ߡ ʿƚŏɟɯ
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ÚǕŏɯƚ v→ ÚǕŏɯƚ vv

ÚǕŏɯƚ v

ࡄ ƚʾɔȩɯʕɟƚࡇ ߢࡏߝߞ Ǻǃ·ʿɟ
ࡄ á°v ųŏżǺǃɟȩʕȘƇࡇ ∼ ߞ−ߜߝ żɾɯࡕǺƚģ·Ǻǃ·ʿɟ
ࡄ ɯƚȘɯǞɾǞʲǞɾʿࡇ ߡߞߜߝ ʿɟ

ĆɔǃɟŏƇƚ ŏȘƇ żȩȒȒǞɯɯǞȩȘǞȘǃ

ࡄ ƇȩʕųȀƚ bƚߢߣ Ȓŏɯɯ
ࡄ ʲƚɾȩ ɯʿɯɾƚȒ ųŏɯƚƇ ȩȘ ȀǞɛʕǞƇ ŏɟǃȩȘ ��ɟ
ɯżǞȘɾǞȀȀŏɾǞȩȘ ȀǞǃǕɾ

ÚǕŏɯƚ vv

ࡄ ƚʾɔȩɯʕɟƚࡇ ! ߜߜߝ Ǻǃ·ʿɟ ࡠŏȀȒȩɯɾ
ࡄ á°v ųŏżǺǃɟȩʕȘƇࡇ " ߟ−ߜߝ żɾɯࡕǺƚģ·Ǻǃ·ʿɟ
→ Ȁƚɯɯ ɾǕŏȘ ߝ żȩʕȘɾ ƚʾɔƚżɾƚƇ ࡠƇȩȘƚ

ࡄ ɯƚȘɯǞɾǞʲǞɾʿࡇ ߢߞߜߝ ʿɟ ࡠƇȩȘƚ
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CȘƚɟǃʿ ɯżŏȀƚ
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ࡄ ĦƚƚǺȀʿ żŏȀǞųɟŏɾǞȩȘɯ ʶǞɾǕ Ǖ÷ߤߞߞ ɯȩʕɟżƚɯ
ࡄ _ȀʕżɾʕŏɾǞȩȘɯ ųƚɾʶƚƚȘ żŏȀǞųɟŏɾǞȩȘɯ < ߝ Ǻƚģ
ࡄ áƚɯȩȀʕɾǞȩȘ ŏɾ Øββ ųƚɾɾƚɟ ɾǕŏȘ ࣷߝࡏߜ ߠࡷߟ Ǻƚģ
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+ŏȀǞųɟŏɾǞȩȘ Ƈŏɾŏ Ǖ÷ߤߞߞ ŏɟƚ ʕɯƚƇ ɾȩ ɯƚɾ żʕɾ
ʲŏȀʕƚɯ ȩȘ Úë4 ɔŏɟŏȒƚȘɾƚɟɯ
ࡄ 4ȩʕųȀƚ ƚɯżŏɔƚ ɔƚŏǺ 4CÚ ǀɟȩȒ →Ȁ÷ߤߜߞ
ɯǞȘǃȀƚࡷɯǞɾƚ ƚʲƚȘɾ ɯŏȒɔȀƚ

ࡄ _ʕȀȀ ƚȘƚɟǃʿ ɔƚŏǺ CÚ_ ǀɟȩȒ →Ǟ$ߞߝߞ
ȒʕȀɾǞࡷɯǞɾƚ ƚʲƚȘɾ ɯŏȒɔȀƚ

+ʕɾ ʲŏȀʕƚ ɯƚɾ ŏɾ ࣷߜߥ 4CÚ ɯʕɟʲǞʲŏȀ ųȩɾǕ
ǀȩɟ Ȁȩʶ ɯǞƇƚ ȩǀ �/A ŏȘƇ ��� ɟƚɯɔȩȘɯƚ
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