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Ïðåöèçèîííûå èçìåðåíèÿ ìàññû τ -ëåïòîíà

Ñ.È. Ýéäåëüìàí(Êîëëàáîðàöèè ÊÅÄ� è Belle)Èíñòèòóò ÿäåðíîé �èçèêè èì. �.È.Áóäêåðà ÑÎ �ÀÍ,Íîâîñèáèðñê
Ïëàí1. Ëåïòîííàÿ óíèâåðñàëüíîñòü è mτ2. Èçìåðåíèÿ ÊÅÄ�, Belle è BaBar3. Ëåïòîííàÿ óíèâåðñàëüíîñòü è áðàí÷èíãè4. Âûâîäû
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Ââåäåíèå

• τ -ëåïòîí � îäèí èç 6 �óíäàìåíòàëüíûõ ëåïòîíîâ(e−, µ−, τ−, νe, νµ, ντ )
• Ýòî òÿæåëûé ëåïòîí (mτ ∼ 1.8 �ýÂ), ðàñïàäàþùèéñÿ êàêâ ëåïòîíû, òàê è àäðîíû: â PDG ñâûøå 200 ðàñïàäîâ τ
• τ � ÷èñòàÿ ëàáîðàòîðèÿ, â íà÷àëüíîì ñîñòîÿíèè íåò àäðîíîâ,â êîíå÷íîì ìàëî: 85.36% � 1, 14.56% � 3, 10−3 � 5 ÷àñòèö

• Belle è BaBar íàêîïèëè ñîòíè ìèëëèîíîâ τ+τ−-ïàð:(ñå÷åíèå ðîæäåíèÿ σ(e+e− → τ+τ−)=0.92 íá)
• τ -ëåïòîíû � âàæíûé èíñòðóìåíò íà LHC

Ñ.Ýéäåëüìàí, ÈßÔ p.2/35
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Äåòåêòîð ÊÅÄ�
1) Va
uum 
hamber, 2) Vertex dete
tor,3) Drift 
hamber, 4) Aerogel 
ounters,5) ToF�
ounters, 6) LKr 
alorimeter,7) Super
ondu
ting 
oil, 8) Magnet yoke,9) Muon tubes, 10) CsI 
alorimeter,11) Compensation solenoid,12) VEPP�4M quadrupole
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Îáùàÿ ñõåìà ÂÝÏÏ-4Ì

• √
s = 2 − 11 �ýÂ

• L = 2 · 1030 ñì−2 ñ−1 ïðè 3.6 �ýÂ

• Ôèçè÷åñêàÿ ïðîãðàììà:Èçìåðåíèå R,2 ìåòîäà ïðåöèçèîííîãîèçìåðåíèÿ ýíåðãèè ïó÷êîâ,ïîçâîëÿþùèå òî÷íî èçìåðÿòüìàññû D, J/ψ, ψ′,

Γee, B(J/ψ → ηcγ),

γγ-�èçèêà

Ñ.Ýéäåëüìàí, ÈßÔ p.4/35
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PEP-II è äåòåêòîð BaBar

•PEP-II: 3.1 GeV e+ × 9.0 GeV e−

•Lmax = 1.21 × 1034cm−2s−1

•Continuous inje
tion → 0.91 fb−1/day
•

R

Ldt ≈ 516 fb−1 Turned o� in April 2008
•BaBar � 600 physi
ists from 75 Institutes in 10 
ountries

• Sil. vertex tra
ker

• Drift 
hamber

• DIRC
• CsI(Tl) 
alorimeter

• µKL RPC

Ñ.Ýéäåëüìàí, ÈßÔ p.5/35
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KEKB è äåòåêòîð Belle

•KEKB: 3.5 GeV e+ × 8.0 GeV e−

•Lmax = 2.11 × 1034cm−2s−1

•Continuous inje
tion → 1.52 fb−1/day
•

R

Ldt ≈ 1014 fb−1 Turned o� in June 2010

•Belle � 370 physi
ists from 60 Institutes in 15 
ountries

• Sil.VD: 3(4) layers DSSD

• CDC : small 
ells He+ C2H6

• TOF 
ounters

• Aerogel CC:n = 1.015 ∼ 1.030

• CsI(Tl) 16 X0

• SC solenoid 1.5 T
• µKL dete
tion 14-15 layers RPC+Fe

Ñ.Ýéäåëüìàí, ÈßÔ p.6/35
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Ëåïòîííàÿ óíèâåðñàëüíîñòü â ëåïòîííûõ ðàñïàäàõ � I
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Ëåïòîííàÿ óíèâåðñàëüíîñòü â ëåïòîííûõ ðàñïàäàõ � II

r =
(Gτ

Gµ

)2

=
(G(τ− → e−ντ ν̄e)

G(µ− → e−νµν̄e)

)2

= (
mµ

mτ
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)B(τ → eντ ν̄e)
Fcor(mµ,me)
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Ïîïðàâêà µ τ

f(m2
e/m

2
L) 0.9998 1.0000

FW(mL) 1.0000 1.0003

Frad(mL) 0.9958 0.9957Âñåãî 0.99558 0.99597Ëåïòîííàÿ óíèâåðñàëüíîñòü ⇒ r = 1
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Ïðîâåðêà ëåïòîííîé óíèâåðñàëüíîñòè â ëåïòîííûõ ðàñïàäàõ

r =
(

Gτ

Gµ

)2

=
(

G(τ−
→e−ντ ν̄e)

G(µ−→e−νµν̄e)

)2

= (
mµ

mτ
)5(

tµ
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)B(τ− → e−ντ ν̄e)

Fcor(mµ,me)
Fcor(mτ ,me)r tτ , �ñ B(τ− → e−ντ ν̄e), % mτ , ÌýÂ Êîììåíò.

0.9405 305.6 ± 6.0 17.93 ± 0.26 1784.1+2.7
−3.6 PDG, 1992

±0.0249 ±0.0185 ±0.0136 +0.0071
−0.0095 −2.4σ

0.9999 291.0 ± 1.5 17.83 ± 0.08 1777.0+0.30
−0.27 PDG, 1996

±0.0069 ±0.0052 ±0.0045 ±0.0008 −0.01σ

1.0020 290.6 ± 1.1 17.84 ± 0.06 1776.99+0.29
−0.26 PDG, 2004

±0.0051 ±0.0038 ±0.0034 ±0.0008 +0.4σ

Ñ.Ýéäåëüìàí, ÈßÔ p.9/35
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Äâà ìåòîäà èçìåðåíèÿ mτ

• Çàâèñèìîñòü σ(e+e− → τ+τ−) îò ýíåðãèè âáëèçè ïîðîãà,

σ(e+e− → τ+τ−) = 86.85 (íá)/s(�ýÂ2) √1 − 4m2
τ/s (1 + 2m2

τ/s)

• Âïåðâûå íà DELCO â 1978
• Ñðåäíåìèðîâîå çíà÷åíèå îïðåäåëÿåòñÿ äåòåêòîðîì BES (1996),êîòîðûé óëó÷øèë òî÷íîñòü íà ïîðÿäîê
• Ïñåâäîìàññà, âîññòàíîâëåíèå èíâàðèàíòíîé ìàññûâñåõ àäðîíîâ â àäðîííûõ ðàñïàäàõ τ
• Âïåðâûå íà ARGUS â 1992
• Òî÷íîñòü óëó÷øåíà â ∼ 5 ðàç íà Belle, 2007 è BaBaR, 2009

Ñ.Ýéäåëüìàí, ÈßÔ p.10/35
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Èñòîðèÿ èçìåðåíèé mτ

mτ , �ýÂ Nev �ðóïïà √
s, �ýÂ Ìåòîä

1783+3
−4 692 DELCO, 1978 3.1 − 7.4 σ

1776.3 ± 2.4 ± 1.4 11k ARGUS, 1992 9.4 − 10.6 Ï/ì

1776.96+0.18
−0.21

+0.25
−0.17 65 BES, 1996 3.54 − 3.57 σ

1778.2 ± 0.8 ± 1.2 98.5k CLEO, 1997 10.6 Ï/ì

1775.1 ± 1.6 ± 1.0 13.3k OPAL, 2000 ∼ 90 Ï/ì

1776.99+0.29
−0.26 � PDG, 2006 �

Ñ.Ýéäåëüìàí, ÈßÔ p.11/35
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Èçìåðåíèå ýíåðãèè íà ÂÝÏÏ-4Ì è ÊÅÄ�Äâà ìåòîäà - ðåçîíàíñíàÿ äåïîëÿðèçàöèÿ (�Ä) è îáðàòíûé Êîìïòîí (ÎÊ�)

• �åçîíàíñíàÿ äåïîëÿðèçàöèÿ ïðåäëîæåíà â ÈßÔ â 1975,

Ω/ω = 1 + γ · µ′/µ0,
Ω � ÷àñòîòà ïðåöåññèè ñïèíà, ω � ÷àñòîòà îáðàùåíèÿ,

µ′(µ0) � àíîìàëüíàÿ (íîðìàëüíàÿ) ÷àñòü ì.ì.ý.
• Òî÷íîñòü ìãíîâåííîãî èçìåðåíèÿ ∼ 10−6,äîëãîñðî÷íàÿ (0.5 − 1.7) · 10−5 (8-30 êýÂ)
• Îáðàòíûé Êîìïòîí ïðåäëîæåí íà BESSY â 1997,ýíåðãèÿ îïðåäåëÿåòñÿ êðàåì ñïåêòðà �îòîíîâ,ìîæíî ïðèìåíÿòü ïðè íàáîðå ñòàòèñòèêè
• Äàåò òî÷íîñòü 50-70 êýÂ íà ïîðîãå ðîæäåíèÿ τ

Ñ.Ýéäåëüìàí, ÈßÔ p.12/35
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Òèïè÷íûé çàõîä ñ �Ä íà ÂÝÏÏ-4Ì
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Òèïè÷íûé êðàé ñïåêòðà ÎÊ� íà ÂÝÏÏ-4Ì
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Ïîâåäåíèå ýíåðãèè ïó÷êà íà ÂÝÏÏ-4Ì
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Ïðè íàáîðå ñòàòèñòèêè E èçìåðÿåòñÿ ïî ÎÊ� è èíòåðïîëÿöèåé

Ñ.Ýéäåëüìàí, ÈßÔ p.15/35
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σ(e+e− → τ+τ−) âáëèçè ïîðîãà

Ebeam- mτ , MeV

σ ττ
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′√1 − x),

Fc(β)=(πα/β)/(1−exp (−πα/β)), β=(1−(2mτ/W )2)1/2Òî÷êè � Born, ëèíèè � Coulomb, FSR è VP,ïóíêòèð � ISR, íåïð. � ðàçáðîñ ýíåðãèè ïó÷êîâ

Ñ.Ýéäåëüìàí, ÈßÔ p.16/35
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mτ íà ÊÅÄ�: Íàáëþäàåìîå σ(e+e− → τ+τ−)

Ebeam-1776.96, MeV
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mτ íà ÊÅÄ�: èòîãè ñêàíèðîâàíèÿ â 2006Òî÷êà < E >, ÌýÂ R

Ldt, íá−1 Nττ σobs
ττ , ïá1 1771.945 ± 0.160 668 0 0.0+2.8

−0.02 1776.408 ± 0.086 1382 1 0.7+1.7
−0.63 1776.896 ± 0.045 1605 6 3.7+2.2
−1.54 1777.419 ± 0.061 1288 4 3.1+2.5
−1.55 1782.103 ± 0.060 283 4 14.1+11.3
−6.86 1792.457 ± 0.102 233 3 12.9+12.5
−7.17 1837.994 ± 0.092 305 14 45.8+16.0
−12.28 1843.040 ± 0.065 807 79 97.9 ± 11.09 1888.521 ± 0.228 967 49 50.7 ± 7.2Âñåãî Áåç ψ(2S) 6731 81

mτ = 1776.81+0.25
−0.23 ± 0.15 ÌýÂ/c2

Ñ.Ýéäåëüìàí, ÈßÔ p.18/35
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mτ íà ÊÅÄ�: 2008�2009 (ïðåäâàð.)

�îä 2006 2008

∫

Ldt, ïá−1 6.7 8.5

Nev íà ïîðîãå 11 26

mτ , ÌýÂ 1776.81+0.25
−0.23 ± 0.15 1776.69+0.17

−0.19 ± 0.15ÊÅÄ�, 2007: Â.Â. Àíàøèí è äð., Ïèñüìà â ÆÝÒÔ 85, 347 (2007)KEDR, 2009: A.G. Shamov et al., Nu
l. Phys. B (Pro
. Suppl.) 189, 21 (2009)

Ñ.Ýéäåëüìàí, ÈßÔ p.19/35
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mτ íà ÊÅÄ�: ñèñòåìàòèêà

Èñòî÷íèê σ, êýÂ/c2Ýíåðãèÿ ïó÷êà 35Ý��åêòèâíîñòü ðåãèñòðàöèè 120Òî÷íîñòü ðàçáðîñà ýíåðãèè 20Çàâèñèìîñòü �îíà îò ýíåðãèè 20Ñâåòèìîñòü 80Èçìåíåíèå ðàçáðîñà ýíåðãèè 10Ñå÷åíèå 30Âñåãî 150�àáîòà íàä ñèñòåìàòèêîé ïðîäîëæàåòñÿ

Ñ.Ýéäåëüìàí, ÈßÔ p.20/35



Ñàíêò-Ïåòåðáóðã, ÔÔÊ10 6-10 äåêàáðÿ, 2010

mτ íà Belle è BaBar � IÂ ìåòîäå ïñåâäîìàññû èñïîëüçóåòñÿ

Mp � ìàêñèìàëüíàÿ èíâ. ìàññà àäðîíîâ ðàñïàäà

M2
τ ≥M2

p = M2
h + 2(Ebeam − Eh)(Eh − |~ph|)
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f(Mp) ∼ (p1 + p2Mp) tan−1 (Mp − p3)/p4 + p5 + p6Mp�àçìàçûâàíèå êðàÿ ñïåêòðà è õâîñò � ISR/FSR è ðàçðåøåíèå

Ñ.Ýéäåëüìàí, ÈßÔ p.21/35
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mτ íà Belle è BaBar � II

È BaBar, è Belle � τ− → π−π+π−ντ +
.
,áîëüøîé áðàí÷èíã ∼ 9%è õîðîøàÿ ñòàòèñòèêà âáëèçè êðàÿ

Ñ.Ýéäåëüìàí, ÈßÔ p.22/35
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mτ íà Belle è BaBar � IIIÈòîãè èçìåðåíèÿ íà Belle è BaBar�ðóïïà BaBar Belle

∫

Ldt, �á−1 423 414

Nττ , 106 388 380

Nev, 105 682 580

Mτ , ÌýÂ 1776.68 ± 0.12 ± 0.41 1776.61 ± 0.13 ± 0.35BaBar: B. Aubert et al., Phys. Rev. D 80, 092005 (2009)Belle: K. Belous et al., Phys. Rev. Lett. 99, 011801 (2007)

Ñ.Ýéäåëüìàí, ÈßÔ p.23/35
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Ñèñòåìàòèêà mτ íà Belle è BaBarÈñòî÷íèê BaBar BelleÝíåðãèÿ ïó÷êîâ è âîññòàíîâëåíèå |p| 0.40 0.26Ìîäåëèðîâàíèå (τ → 3πντ ) 0.05 0.02ÌÊ ñòàòèñòèêà 0.05 0.14Äèàïàçîí ïîäãîíêè 0.05 0.04Ïàðàìåòðèçàöèÿ 0.03 0.18�àçðåøåíèå ïî èìïóëüñó Ïðåíåáð. 0.02Ôîí Ïðåíåáð. 0.01Âñåãî 0.41 0.35Belle K. Belous et al., Phys. Rev. Lett. 99, 011801 (2007)BaBar B. Aubert et al., Phys. Rev. D 80, 092005 (2009)

Ñ.Ýéäåëüìàí, ÈßÔ p.24/35
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Òåñò CPT ïî mτ+ è mτ− � IÂ ìåòîäå ïñåâäîìàññû mτ+ è mτ− èçìåðÿþòñÿ îòäåëüíîè ìîæíî îïðåäåëèòü ∆m = mτ+�mτ−
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Òåñò CPT ïî mτ+ è mτ− � II

�ðóïïà OPAL, 2000 Belle, 2007 BaBar, 2009

Nτ+τ− , 106 0.16 380 388

∆m, ÌýÂ 0.0 ± 3.2 0.05 ± 0.27 −0.61 ± 0.24

∆m/mτ , 10
−4 0.0 ± 18.0 0.3 ± 1.5 −3.4 ± 1.4

∆m/mτ , 10
−4 90%CL < 30.0 < 2.8 < 5.5Âåðîÿòíîñòü �ëóêòóàöèè íà BaBar 1.2%

Ñ.Ýéäåëüìàí, ÈßÔ p.26/35
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Ïðîãðåññ èçìåðåíèé mτ � I�ðóïïà mτ , ÌýÂBES, 1996 1776.96+0.18+0.25
−0.21−0.17PDG, 2006 1776.99+0.29

−0.26KEDR, 2007 1776.81+0.25
−0.23 ± 0.15Belle, 2006 1776.61 ± 0.13 ± 0.35PDG, 2008 1776.84 ± 0.17BaBar, 2008 1776.68 ± 0.12 ± 0.41PDG, 2010 1776.82 ± 0.16KEDR, 2009 1776.69+0.17
−0.19 ± 0.15

Ñ.Ýéäåëüìàí, ÈßÔ p.27/35
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Ïðîãðåññ èçìåðåíèé mτ � II
ARGUS 1992

BES 1996

CLEO 1997

OPAL 2000

KEDR 2007

KEDR

BABAR 2008

BELLE 2007

mτ - 1777,  MeV

1

2

3

4

5

6

7

8

-4 -3 -2 -1 0 1 2 3

Ñ.Ýéäåëüìàí, ÈßÔ p.28/35
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Íóæíî ëè óòî÷íåíèå mτ?

• Ìàññû ëåïòîíîâ � �óíäàìåíòàëüíûå êîíñòàíòûè äîëæíû áûòü èçìåðåíû ñ âûñîêîé òî÷íîñòüþ×àñòèöà Ìàññà, ÌýÂ σm/m

e 0.510998910± 0.000000013 2.5 · 10−8

µ 105.6583668± 0.0000038 3.6 · 10−8

τ 1776.82 ± 0.16 9.0 · 10−5

• Â òåñòû ëåïòîííîé óíèâåðñàëüíîñòè âõîäèò m5
l , â òåñòû Íîâîé Ôèçèêè � m2

l

• ÊÝÄ ÷ëåí â (g − 2)µ ÷óâñòâ. ê mτ ÷åðåç 2-ïåòë. ÷ëåí
• �îðìóëà Êîéäå, 1981 (÷èñòàÿ íóìåðîëîãèÿ?)

(
√
me +

√
mµ +

√
mτ )2

(me +mµ +mτ )
= 1.4999973+0.0000395

−0.0000304

Ñ.Ýéäåëüìàí, ÈßÔ p.29/35
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Ëåïòîííàÿ óíèâåðñàëüíîñòü è áðàí÷èíãè � IÒðè íåäàâíèõ èçìåðåíèÿ BaBar (467 �á−1):Îòíîøåíèå BaBar PDG-08

B(τ− → µ−ν̄µντ )/B(τ− → e−ν̄eντ ) 0.9796 ± 0.0016 ± 0.0036 0.9725 ± 0.0039

B(τ− → π−ντ )/B(τ− → e−ν̄eντ ) 0.5945 ± 0.0014 ± 0.0061 0.6076 ± 0.0061

B(τ− → K−ντ )/B(τ− → e−ν̄eντ ) 0.03882 ± 0.00032 ± 0.00057 0.0384 ± 0.0013�àñïàä e−ν̄eντ µ−ν̄µντ π−ντ K−ντ

Nev, 103 884 731 369 25

„

Gµ

Ge

«2

=
B(τ− → µ−ν̄µντ )

B(τ− → e−ν̄eντ )

f(m2
e/m

2
τ )

f(m2
µ/m2

τ )
,ãäå f(x) = 1 − 8x+ 8x3 − x4 − 12x2 log x, mν = 0.

|Gµ/Ge| = 1.0036 ± 0.0029,B. Aubert et al., Phys. Rev. Lett. 105, 051602 (2010)

Ñ.Ýéäåëüìàí, ÈßÔ p.30/35
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Ëåïòîííàÿ óíèâåðñàëüíîñòü è áðàí÷èíãè � II

(

Gτ

Gµ

)2

=
B(τ− → π−ντ )

B(π− → µ−ν̄µ)

2mπm
2
µτπ

δτ−→π−ν/π−→µ−νm3
τττ

(

1 −m2
µ/m

2
π

1 −m2
π/m

2
τ

)2

,

(

Gτ

Gµ

)2

=
B(τ− → K−ντ )

B(K− → µ−ν̄µ)

2mkm
2
µτK

δτ−→K−ν/K−→µ−νm3
τττ

(

1 −m2
µ/m

2
K

1 −m2
K/m

2
τ

)2

,ãäå ðàä. ïîïðàâêè
δτ−→π−ν/π−→µ−ν = 1.0016 ± 0.0014 è δτ−→K−ν/K−→µ−ν = 1.0090 ± 0.0022.

|Gτ/Gµ| = 0.9859 ± 0.0057(0.9836 ± 0.0087) äëÿ π (K).

Ñ.Ýéäåëüìàí, ÈßÔ p.31/35
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Ëåïòîííàÿ óíèâåðñàëüíîñòü � gτ/gµ

µ
/g

τ
g

0.9 0.95 1

)τν,  K τν π,   τν eν e → τHFAG Average (
 0.0017±0.9989 

)τν,  K τν π → τHFAG Average (
 0.0028±0.9950 

)
µ

ν µ →)/(K τν K → τHFAG Fit (
 0.0072±0.9860 

) 
µ

ν µ → π)/(τν π → τHFAG Fit (
 0.0030±0.9966 

ττ/µτ ×) τν eν e → τHFAG Fit (
 0.0021±1.0010 

)
µ

ν µ →)/(W τν τ →LEP EW WG (W 
 0.0130±1.0390 

HFAG-Tau
Summer 2010

Ñ.Ýéäåëüìàí, ÈßÔ p.32/35
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Ëåïòîííàÿ óíèâåðñàëüíîñòü � gτ/ge

e
/gτg

0.9 0.95 1

 ττ/µτ ×) τν 
µ

ν µ → τHFAG Fit (

 0.0021±1.0029 

)eν e →)/(W τν τ →LEP EW WG (W 

 0.0140±1.0360 

HFAG-Tau
Summer 2010

Ñ.Ýéäåëüìàí, ÈßÔ p.33/35
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Ëåïòîííàÿ óíèâåðñàëüíîñòü � gµ/ge

e
/g

µ
g

0.9 0.95 1

)τν eν e → τ)/(τν 
µ

ν µ → τHFAG Fit (

 0.0014±1.0019 

)eν e → π)/(
µ

ν µ → πTRIUMF, PSI (

 0.0015±1.0017 

)eν e →)/(K 
µ

ν µ →NA62, KLOE (K 

 0.0025±0.9980 

)eν e π →)/(K 
µ

ν µ π →FlaviaNet (K 

 0.0025±1.0010 

)eν e →)/(W 
µ

ν µ →LEP EW WG (W 

 0.0100±0.9970 

HFAG-Tau
Summer 2010

Ñ.Ýéäåëüìàí, ÈßÔ p.34/35
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Âûâîäû

• Çàìåòíîå óëó÷øåíèå òî÷íîñòè mτ íà ÊÅÄ�, Belle è BaBar

• Íîâûå èçìåðåíèÿ ñîãëàñóþòñÿ è ïîäòâåðæäàþòíèçêîå çíà÷åíèå, ïîëó÷åííîå íà BES
• Íîâîå ñðåäíåìèðîâîå çíà÷åíèå mτ â 2 ðàçà òî÷íåå

• Óëó÷øåíà òî÷íîñòü |Gτ/Gµ|, íî ïðîãðåññòðåáóåò óòî÷íåíèÿ tτ è B(τ− → e−ντ ν̄e)

• Äàëüíåéøèé ïðîãðåññ òî÷íîñòè mτ � BES è Ñóïåð-B-�àáðèêè

• Óëó÷øåíà òî÷íîñòü ïðîâåðêè CPT
• Òåñòû ëåïò. óíèâåðñàëüíîñòè ïî τ ñðåäè ñàìûõ òî÷íûõ

Ñ.Ýéäåëüìàí, ÈßÔ p.35/35
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Ba
kup

Ñ.Ýéäåëüìàí, ÈßÔ p.36/35
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Resonant Depolarization � IUsual NMR based absolute energy determination � 3 · 10−4Resonant depolarization suggested at BINP in 1975gives at least an order of magnitude better pre
isionIn a storage ring with a �at orbit:

Ω/ω0 = 1 + γ · µ′/µ0,

Ω � spin pre
ession frequen
y, ω0 � revolution frequen
y,

µ′/µ0 � the ratio of the anomalous (normal) parts of emm known with ana

ura
y of 10−9The average ω0 is determined by the RF frequen
y of the guiding �eld and 
an beset and determined with high a

ura
y
Ω is measured at the moment of depolarization by the external ele
tromagneti
�eld with a frequen
y ωd:

ωd ± Ω = kω0

Ñ.Ýéäåëüìàí, ÈßÔ p.37/35
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Resonant Depolarization � IISin
e 1975 has been su

essfully usedto determine masses of various parti
les: K±, ω, φ, J/ψ, ψ(2S), Υ(3S) at BINP,

Υ(1S) at BINP and Cornell, Υ(2S) at BINP and DESY, Z at CERNAlso used at various SR fa
ilities
State Mass, MeV/c2 ∆m/m Fa
tor

φ 1019.455 ± 0.020 2.0 · 10−5 25

J/ψ 3096.916 ± 0.011 3.6 · 10−6 90

Υ(1S) 9460.30 ± 0.26 2.7 · 10−5 50
Z 91187.6 ± 2.1 2.3 · 10−5 60

Ñ.Ýéäåëüìàí, ÈßÔ p.38/35



Ñàíêò-Ïåòåðáóðã, ÔÔÊ10 6-10 äåêàáðÿ, 2010

Compton Ba
ks
attering MonitorRealized at BESSY-I in 1987
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Spe
trum of CBS Photons with Calibration Lines

Channels
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