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Ýêñïåðèìåíò ÊÅÄÐ íà e+e− êîëëàéäåðå ÂÝÏÏ-4Ì

Ýíåðãèÿ ïó÷êà 0.9÷5 ÃýÂ
×èñëî ñãóñòêîâ 2×2
Ñâåòèìîñòü: 2·1030 1

cm2·s
ïðè E=1.8 ÃýÂ

Èçìåðåíèå ýíåðãèè ìåòîäîì ðåçîíàíñíîé

äåïîëÿðèçàöèè:

E<3 ÃýÂ - Òóøåêîâñêèé
ïîëÿðèìåòð: 4E/E=(5÷15)×10−6,
(10÷60) êýÂ
E>3 ÃýÂ - Ëàçåðíûé ïîëÿðèìåòð:
4E/E=3×10−6, 30 êýÂ

Ôèçè÷åñêàÿ ïðîãðàììà:

Èçìåðåíèå ìàññ ýëåìåíòàðíûõ ÷àñòèö:
J/ψ, Ψ(2S), Ψ(3770), τ ëåïòîíà, D è Υ
ìåçîíîâ

Èçìåðåíèå ëåïòîííûõ øèðèí Ψ è Υ
ìåçîíîâ

Èçìåðåíèå R â îáëàñòè 2E=2÷10 ÃýÂ
Èçìåðåíèå ñå÷åíèÿ γγ →àäðîíû

Èññëåäîâàíèå ðÿäà äðóãèõ ïðîöåññîâ
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Ñîâðåìåííûå äàííûå ïî ìàññàì D-ìåçîíîâ

D0-ìåçîí

� MD0=1864.84±0.05 (�t)
MD0=1864.84±0.05 (average)

Ëó÷øèå èçìåðåíèÿ:

MD0=1864.845±0.025±0.057 (CLEO-2014)∗, D0 → K−2π+π−

MD0=1864.841±0.048±0.063 (BABAR-2013), e+e− at Υ(4S)

MD0=1864.750±0.150±0.110 (LHCb-2013), D0 → K+2K−π+

MD0=1864.847±0.150±0.095 (CLEO-2007), D0 → K0
Sφ

MD0=1865.300±0.330±0.230 (ÊÅÄÐ-2010), e+e− at ψ(3770)

∗ Obtained by analyzing CLEO-c data but not authored by the
CLEO Collaboration.  mass (MeV)0D

1864 1865

CLEO 2014

BaBar 2013

LHCb 2013

KEDR 2010

CLEO 2007

ACCMOR

MARK II

 0.05±PDG: 1864.84 

 0.60±1864.70 

 1.04±1864.60 

 0.18±1864.85 

 0.40±1865.30 

 0.19±1864.75 

 0.08±1864.84 

 0.06±1864.84 

 mass measurements0D

D+-ìåçîí

� MD+=1869.66±0.05 (�t)
MD+=1869.5±0.4 (average)

Ëó÷øåå èçìåðåíèå:

MD+=1869.53±0.49±0.20 (KEDR-2010), e+e− at ψ(3770)
MD+=1870.0±0.5±1.0 (ACCM-1990), πCu 230 GeV

 mass (MeV)+D
1869 1870 1871

KEDR 2010

ACCMOR

MARK II

 0.40±PDG: 1869.50 

 0.60±1869.40 

 1.12±1870.00 

 0.53±1869.53 

 mass measurements+D

� MD+ -MD0=4.822±0.015 (PDG-2023 �t)

PDG - https://pdg.lbl.gov/2023/listings/contents_listings.html
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Ìåòîä èçìåðåíèÿ

Èñïîëüçóåòñÿ ïðîöåññ e+e− → ψ(3770)→ DD̄, ìàêñèìóì ñå÷åíèÿ ïðè E ∼M(ψ(3770))

Îäèí èç D-ìåçîíîâ ðåêîíñòðóèðóåòñÿ:

D0 → K−π+, Br = 3.95± 0.03%

D+ → K−π+π+, Br = 9.38± 0.16%

� Äëÿ êàæäîãî D-êàíäèäàòà, ïðîøåäøåãî îòáîð, îïðåäåëÿþòñÿ ïåðåìåííûå:

Mbc =

√√√√E2
beam −

(∑
i

~pi

)2

, 4E =
∑
i

√
(m2

i + p2i )− Ebeam

4p = pπ − pK(äëÿ D0-ìåçîíà)

Âêëàä èìïóëüñíîãî ðàçðåøåíèÿ ñèëüíî óìåíüøàåòñÿ (pD=260 ÌýÂ):

σ
2
(MD) =
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W

4
+ (

pD

MD

)
2
σ
2
pD

=
σ2
W

4
+ 0.02σ

2
pD

Äëÿ ñèãíàëüíûõ ñîáûòèé 4E ∼ 0. Òðåáîâàíèå 4E = 0 äàåò àáñîëþòíóþ êàëèáðîâêó
èìïóëüñîâ (ptrue = αp).
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Ìåòîä èçìåðåíèÿ

Íåáèíèðîâàííàÿ ôóíêöèÿ ïðàâäîïîäîáèÿ (unbinned maximum likelihood �t)
èñïîëüçóåòñÿ:

−2logL(α) = −2

N∑
i=0

log p(vi|α) + 2N log

∫
p(v|α)dv

ãäå v = (Mbc,4E,4|p|) - ïåðåìåííàÿ õàðàêòåðèçóþùàÿ îäíî ñîáûòèå; p(v|α) -
ïëîòíîñòü ðàñïðåäåëåíèÿ ñîáûòèé (PDF), çàâèñÿùàÿ îò ôèò ïàðàìåòðîâ
α = (MD,4E, buds, bDD):

p(v|α) = psig(v|MD,4E) + budspuds(v) + bDDpDD(v)

Ôîðìà ðàñïðåäåëåíèÿ ñèãíàëüíûõ ñîáûòèé è ôîíîâûõ ñîáûòèé (psig, puds, pDD)
èçâëåêàåòñÿ èç ìîäåëèðîâàíèÿ ìåòîäîì Ìîíòå-Êàðëî.

Ïðè ïîäãîíêå ýêñïåðèìåíòàëüíûõ äàííûõ 4 ñâîáîäíûõ ïàðàìåòðà: MD,4E óðîâíè DD
è uds ôîíà
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Ýêñïåðèìåíòàëüíûå äàííûå è êðèòåðèèè îòáîðà

Èñïîëüçîâàííûé èíòåãðàë ñâåòèìîñòè:∫
L4 t=3.5 ïá−1, 2016-2017 ãã.∫
L4 t=0.9 ïá−1, 2004 ã. (KEDR2010) � ïåðåîáðàáîòàíî äëÿ óìåíüøåíèÿ

ñèñòåìàòè÷åñêèõ îøèáîê

Îòáèðàþòñÿ ìíîãîàäðîííûå êàíäèäàòû ñ ≥3 òðåêàìè
- ðàññìàòðèâàþòñÿ òðåêè-êàíäèäàòû ïðîòèâîïîëîæíîãî çàðÿäà äëÿ D0 → K−π+;
- êîìáèíàöèè ñ çàðÿäîì ¾+ +−¿ èëè ¾−−+¿ äëÿ D+ → K−π+π+;

Óñëîâèÿ îòáîðà òðåêîâ:

- Îãðàíè÷åíèå íà ïîïåðå÷íûé èìïóëüñ: 100 < pt < 2000 ÌýÂ;
- ×èñëî èçìåðåíèé â òðåêîâîé ñèñòåìå (õèòîâ) Nhits ≥24;
- Ïîëîæåíèå îáùåé âåðøèíû |z| < 12 ñì, r < 0.5 ñì
- Ýíåðãèÿ ïðèâÿçàííîãî ê òðåêó êëàñòåðà â êàëîðèìåòðå E < 1000 ÌýÂ
- Ñóììà õèòîâ âî âòîðîì è òðåòüåì ñëîå ìþîííûõ êàìåð ≤1

Êèíåìàòè÷åñêàÿ ïîäãîíêà ñ óñëîâèåì 4E = 0.

- Ìèíèìèçèðóåòñÿ ôóíêöèÿ:

χ
2

=
∑
i

(p′i − pi)
2

σ2
pi

Äëÿ äàëüíåéøåãî àíàëèçà îòáèðàþòñÿ ñîáûòèÿ:

- 1700< Mbc <1900 ÌýÂ
- | 4 E| <300 ÌýÂ
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Ýêñïåðèìåíòàëüíûå äàííûå (2016-2017 ã.)

D0-ìåçîí

Èñïîëüçóåòñÿ ñèñòåìà À×Ñ äëÿ π/K-èäåíòèôèêàöèè
Â ðåæèìå "Òîëñòûé ñ÷åò÷èê P>450 MeV/c & P<1500 MeV/c, ïîðîã 0.5 ô.ý.

Nsig 158.60
Nuds 23.45
NDD 10.94

MD0=1864.910±0.294
D+-ìåçîí

Èñïîëüçóåòñÿ äëÿ π/K-èäåíòèôèêàöèè:
TOF: P<600 MeV/c, 4TOF = TTOF − TK(PK )>-0.8

de/dx, P<600 MeV/c, ProbK>0.50
À×Ñ: P>450 MeV/c & P<1500 MeV/c, â ðåæèìå "Òîëñòûé ñ÷åò÷èê ïîðîã 0.5 ô.ý.

Nsig 349.01
Nuds 114.07
NDD 29.81

MD+=1869.603±0.357
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Ýêñïåðèìåíòàëüíûå äàííûå (2004 ã.)

D0-ìåçîí

Nsig 84.35
Nuds 24.35
NDD 6.29

MD0=1865.305±0.300

D+-ìåçîí

Èñïîëüçóåòñÿ de/dx è TOF äëÿ π/K-èäåíòèôèêàöèè

Nsig 178.25
Nuds 64.57
NDD 12.96

MD+=1869.472±0.488
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Cèñòåìàòè÷åñêèå îøèáêè

D0-ìåçîí

KEDR2010 kedr2004 kedr2016
Àáñîëþòíàÿ êàëèáðîâêà èìïóëüñà 0.040 0.005 0.005
Îïèñàíèå ýíåðãåòè÷åñêèõ ïîòåðü â âåùåñòâå 0.010 0.010 0.005
Èìïóëüñíîå ðàçðåøåíèå 0.130 0.022 0.010
Ó÷åò èçëó÷åíèÿ â íà÷àëüíîì ñîñòîÿíèè 0.160 0.020 0.011
Ôîðìà ðàñïðåäåëåíèÿ ñèãíàëà 0.070 0.018 0.025
Ôîðìà ðàñïðåäåëåíèÿ ôîíà êîíòèíóóìà 0.040 0.030 0.033
Ôîðìà ðàñïðåäåëåíèÿ ôîíà DD̄ 0.030 0.018 0.023
Êàëèáðîâêà ýíåðãèè ïó÷êîâ 0.010 0.007 0.005
Èòîãî 0.230 0.051 0.050

D+-ìåçîí

KEDR2010 kedr2004 kedr2016
Àáñîëþòíàÿ êàëèáðîâêà èìïóëüñà 0.040 0.005 0.014
Îïèñàíèå ýíåðãåòè÷åñêèõ ïîòåðü â âåùåñòâå 0.030 0.032 0.028
Èìïóëüñíîå ðàçðåøåíèå 0.100 0.079 0.031
Ó÷åò èçëó÷åíèÿ â íà÷àëüíîì ñîñòîÿíèè 0.110 0.018 0.023
Ôîðìà ðàñïðåäåëåíèÿ ñèãíàëà 0.050 0.059 0.066
Ôîðìà ðàñïðåäåëåíèÿ ôîíà êîíòèíóóìà 0.090 0.075 0.065
Ôîðìà ðàñïðåäåëåíèÿ ôîíà DD̄ 0.060 0.041 0.040
Êàëèáðîâêà ýíåðãèè ïó÷êîâ 0.010 0.005 0.003
Èòîãî 0.200 0.136 0.112
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Cèñòåìàòè÷åñêèå îøèáêè - àáñîëþòíàÿ êàëèáðîâêà èìïóëüñà

Òî÷íîñòü ðåêîíñòðóêöèè èìïóëüñà äàåò íåïîñðåäñòâåííûé âêëàä â òî÷íîñòü èçìåðåíèÿ ìàññû
D. Âàæíà òî÷íîñòü àáñîëþòíîé êàëèáðîâêè øêàëû èìïóëüñîâ (çíàíèå ìàãíèòíîãî ïîëÿ).

ptrue = αp

MD =

√
E2
beam − α2(

∑
i

~pi)2

Øêàëà êàëèáðóåòñÿ ïî òåì æå ñîáûòèÿì, èçìåðÿÿ ñðåäíåå ñìåùåíèå âåëè÷èíû 4E

4E =
∑
i

√
(m2

i + α2p2i )− Ebeam

Äëÿ îöåíêè ñèñòåìàòèêè ðåêîíñòðóèðóåòñÿ K0
S → π+π−, âåðîÿòíîñòü ðàñïàäà 69.20%,

M
K0
S

= 497.611± 0.013 ÌýÂ

Ýêñïåðèìåíò 2016-2017 ãã.
Êðèòåðèè îòáîðà ñîáûòèé:

- ×èñëî òðåêîâ ≥3, ðàññìàòðèâàþòñÿ ïàðû
ïðîòèâîïîëîæíî çàðÿæåííûõ òðåêîâ;

- Îãðàíè÷åíèå íà èìïóëüñ: 100 < p < 1600 ÌýÂ;

- ×èñëî èçìåðåíèé â òðåêîâîé ñèñòåìå (õèòîâ)
Nhits ≥24;

- Òî÷êà ïåðåñå÷åíèÿ òðåêîâ íà ðàññòîÿíèè íå ìåíåå
0.5 ñì îò ìåñòà âñòðå÷è ïó÷êîâ;

- Ïîëîæåíèå îáùåé âåðøèíû |z| < 13 ñì
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Ñèñòåìàòè÷åñêèå îøèáêè - èìïóëüñíîå ðàçðåøåíèå

Èìïóëüñíîå è óãëîâîå ðàçðåøåíèå (Êîñìèêà)

Ñðàâíèâàëèñü äâà ìåòîäà íàñòðîéêè èìïóëüñíîãî ðàçðåøåíèÿ â ìîäåëèðîâàíèè

ksimreal(NsimRate,Run1,Run2);
kdcsimxt(); kdcsimsigma();
kdcsimsysterr();
kdcscalesysterr(1.0);
kdcscalesysterraz(5.5, 0.8)
- Çàäàííàÿ â ìîäåëèðîâàíèè
ñèñòåìàòè÷åñêàÿ îøèáêà x(t) â
àêñèàëüíûõ è ñòåðåî ñëîÿõ óìíîæàåòñÿ
íà êàëèáðîâî÷íûå ñêåéëû-ôàêòîðû

KsimSystErr=2;
ksimreal(NsimRate,Run1,Run2);
dccalibrationsDB.txt - íàñòðîéêà
êîýôôèöèåíòîâ
Ïðîñòðàíñòâåííîå ðàçðåøåíèå,
ïîëó÷åííîå ïðîöåäóðîé îïðåäåëåíèÿ x(t),
â àêñèàëüíûõ è ñòåðåî ñëîÿõ óìíîæàåòñÿ
íà êàëèáðîâî÷íûå ñêåéëû-ôàêòîðû
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Cèñòåìàòè÷åñêèå îøèáêè - ó÷åò èçëó÷åíèÿ â íà÷àëüíîì ñîñòîÿíèè

Results with Coulomb interactions Ýíåðãèÿ ïó÷êà

Äëÿ ïîïðàâîê ISR èñïîëüçóåòñÿ çàâèñèìîñòü ñå÷åíèÿ e+e− → DD̄

Íàèáîëåå òî÷íûå ïàðàìåòðû äëÿ ψ(3770) äëÿ âû÷èñëåíèÿ áîðíîâñêîãî ñå÷åíèÿ D+D−

è D0D̄0 ïîëó÷åíû BESIII (2017 ã.)

Äëÿ ïðàâèëüíîãî ó÷åòà ïîëîæåíèÿ íà ñêëîíå ñå÷åíèÿ ðàñïðåäåëåíèå ïî ýíåðãèè
ðàçáèâàëîñü íà 10 áèíîâ è äëÿ êàæäîé òî÷êè ïî ýíåðãèè ïðîèçâîäèëîñü ìîäåëèðîâàíèå,
ñ âêëàäîì ïðîïîðöèîíàëüíûì èíòåãðàëüíîé ñâåòèìîñòè

Äëÿ îöåíêè ñèñòåìàòèê çíà÷åíèå ñå÷åíèÿ â èçìåðåííûõ òî÷êàõ âàðüèðîâàëîñü
ñëó÷àéíûì îáðàçîì ïî Ãàóññó ñ ñðåäíåêâàäðàòè÷íûì îòêëîíåíèåì ðàâíûì îøèáêå
èçìåðåííîãî ñå÷åíèÿ.

Äëÿ ó÷åòà ðàçíîñòè ýíåðãåòè÷åñêèõ øêàë ýíåðãèè ÂÝÏÏ-4Ì/BEPC-2 ñå÷åíèå
ñìåùàëîñü íà 0.7 ÌýÂ âëåâî
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Ñèñòåìàòè÷åñêèå îøèáêè

Îïèñàíèå ýíåðãåòè÷åñêèõ ïîòåðü â âåùåñòâå
Ìîäåëèðîâàíèå � 2016-2017 ãã.

Îòëè÷èå ðåêîíñòðóèðîâàííîãî èìïóëüñà îò èñòèííîãî
èç-çà ïîòåðè ýíåðãèè â âåùåñòâå ìîæåò äîñòèãàòü
íåñêîëüêèõ ÌýÂ.
Ïîïðàâêà ê èìïóëüñó:
4P = D/β3 + κP , ãäå β = P/

√
m2 + P 2

- Äëÿ âû÷èñëåíèÿ ñèñòåìàòèêè ïàðàìåòðû ôóíêöèè äëÿ ïîïðàâêè èìïóëüñà
âàðüèðîâàëèñü ñëó÷àéíûì îáðàçîì ïî Ãàóññó ñ ñðåäíåêâàäðàòè÷íûì îòêëîíåíèåì
ðàâíûì îøèáêå ïàðàìåòðà ôóíêöèè.

Ôîðìà ðàñïðåäåëåíèÿ ñèãíàëà è ôîíà DD̄:
- Èñêëþ÷àëèñü äîïîëíèòåëüíûå ãàóññîâêèå ïèêè â ïàðàìåòðèçàöèè ôîðì

Ôîðìà ðàñïðåäåëåíèÿ ôîíà êîíòèíóóìà:

- Èñïîëüçâîàëñÿ àëüòåðíàòèâíûé ãåíåðàòîð, ñèñòåìà ïèîíîâ ñ ïåðåìåííîé
ìíîæåñòâåííîñòüþ

Ïðè ïîäãîíêå ýêñïåðåìåíòàëüíûõ äàííûõ ðàññëàáëÿëñÿ âêëàä ôîíîâ äëÿ îöåíêè
ñèñòåìàòèê

Êàëèáðîâêà ýíåðãèè ïó÷êîâ

Îøèáêà â ýíåðãèè ïó÷êà (èíòåðïîëÿöèè äàííûõ) ∆Eb
∼60 êýÂ, è ñèñòåìàòèêà îïðåäåëÿëàñü

êàê σEb = ∆Eb
/
√
Nsig − 1, ãäå Nsig � ÷èñëî îòîáðàííûõ ñèãíàëüíûõ ñîáûòèé.
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Ïðîöåäóðà óñðåäíåíèÿ ðåçóëüòàòîâ

Îáúåäèíåíèå ðåçóëüòàòîâ - KEDR comb

〈M〉 =
∑

ωi ·Mi,

σ
2
stat =

∑
ω

2
i · σ

2
stat,i,

σ
2
syst =

∑
ω

2
i · (σ

2
syst,i − σ

2
syst,0) + σ

2
syst,0,

ωi ' 1/(σ
2
stat,i + σ

2
syst,i − σ

2
syst,0),

ãäå Mi - óñðåäíÿåìàÿ âåëè÷èíà, ïîëó÷åííàÿ ïðè ðàçíûõ ýêñïåðèìåíòàõ, ωi - âåñ,
êîòîðûé âêëþ÷àåò ñòàòèñòè÷åñêóþ îøèáêó è íåêîððåëèðîâàííóþ ÷àñòü
ñèñòåìàòè÷åñêîé íåîïðåäåëåííîñòè èçìåðåííîé âåëè÷èíû, σsyst,0 - êîððåëèðîâàííàÿ
÷àñòü ñèñòåìàòè÷åñêîé ïîãðåøíîñòè.

Ñèñòåìàòè÷åñêàÿ îøèáêà ñâÿçàííàÿ ñ ó÷åòîì èçëó÷åíèÿ â íà÷àëüíîì ñîñòîÿíèè
ðàññìàòðèââàåòñÿ êàê êîððåëèðîâàííàÿ ÷àñòü.

V.V. Anashin et al. (KEDR Collaboration), Final analysis of KEDR data on J/ψ
and ψ(2S) masses, Physics Letters B 749 (2015) 50�56
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Ðåçóëüòàòû (preliminary!)

Îïóáëèêîâàííûé ðåçóëüòàò íà äàííûõ 2004 ã. (0.9 ïá−1) - KEDR2010:
MD0 = 1865.300 ± 0.330 ± 0.230 ÌýÂ
MD+ = 1869.530 ± 0.490 ± 0.200 ÌýÂ

Ðåçóëüòàòû íà äàííûõ 2004 ãã. (0.9 ïá−1) - kedr2004:
MD0 = 1865.305 ± 0.300 ± 0.051 ÌýÂ
MD+ = 1869.472 ± 0.488 ± 0.136 ÌýÂ

Ðåçóëüòàòû íà äàííûõ 2016-2017 ãã. (3.5 ïá−1) - kedr2016:
MD0 = 1864.910 ± 0.294 ± 0.050 ÌýÂ
MD+ = 1869.603 ± 0.357 ± 0.112 ÌýÂ

Îáúåäèíåíèå ðåçóëüòàòîâ - KEDR comb (äîëæåí çàìåíèòü KEDR2010):
MD0 = 1865.100 ± 0.210 ± 0.039 ÌýÂ
MD+ = 1869.560 ± 0.288 ± 0.089 ÌýÂ

 mass (MeV)0D

1864 1865

KEDR comb

kedr2004

kedr2016
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BaBar 2013

LHCb 2013

KEDR 2010

CLEO 2007
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 0.60±1864.70 
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 0.18±1864.85 

 0.40±1865.30 

 0.19±1864.75 

 0.08±1864.84 

 0.06±1864.84 

 0.30±1864.91 

 0.30±1865.31 

 0.21±1865.10 

 mass measurements0D

 mass (MeV)+D
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KEDR comb

kedr2004
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KEDR 2010

ACCMOR

MARK II

 0.40±PDG: 1869.50 

 0.60±1869.40 

 1.12±1870.00 

 0.53±1869.53 

 0.37±1869.60 

 0.51±1869.47 

 0.30±1869.56 

 mass measurements
+

D

Ìàññà D0 ñîãëàñóåòñÿ ñ áîëåå òî÷íûìè èçìåðåíèÿìè, ïîëó÷åííûìè äðóãèì ìåòîäîì.
Èçìåðåíèå ìàññû D+ ÿâëÿåòñÿ íàèáîëåå òî÷íûì ïðÿìûì èçìåðåíèåì.
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Êàíàëû ðàñïàäîâ D+ è D0-ìåçîíîâ

Ïðîöåññ e+e− → DD̄

Êîíå÷íîå ñîñòîÿíèå Âåðîÿòíîñòü ðàñïàäà

D0 → K−π+ 3.95± 0.03%
Ksπ

+π− 2.80±0.18%
K−π+π+π− 8.23±0.14%
K−π+π0 14.4±0.5%
Ksπ

+π−π0 5.2±0.6%
D+ → K−π+π+ 9.38± 0.16%

Ksπ
+ 1.56±0.03%

Ksπ+π+π− 3.10±0.09%
Ksπ+π0 7.36±0.21%

D0 → K−π+ D+ → K−π+π+
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Ýêñïåðèìåíòàëüíûå äàííûå (2016-2017 ãã.) - D0-ìåçîí
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Ýêñïåðèìåíòàëüíûå äàííûå (2016-2017 ãã.) - D+-ìåçîí
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Ðåçóëüòàòû ïðåäûäóùåé îáðàáîòêè íà ÊÅÄÐ - D0-ìåçîí

Measurement of D0 and D+ meson masses with the KEDR detector, Physics Letters B, V. 686,
Issues 2�3, 22 March 2010, p. 84-90

Èíòåãðàëüíàÿ ñâåòèìîñòü
∫
L4 t=0.9 ïá−1 (äàííûå 2004 ã.)

MD0=1865.300±0.330±0.230
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Ðåçóëüòàòû ïðåäûäóùåé îáðàáîòêè íà ÊÅÄÐ - D+-ìåçîí

Èíòåãðàëüíàÿ ñâåòèìîñòü
∫
L4 t=0.9 ïá−1 (äàííûå 2004 ã.)

MD+=1869.53±0.49±0.20
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Èçìåðåíèå ýíåðãèè ïó÷êà

Ýíåðãèÿ ïó÷êîâ óñêîðèòåëÿ ÂÝÏÏ-4Ì èçìåðÿåòñÿ ìåòîäîì ðåçîíàíñíîé äåïîëÿðèçàöèè

Îøèáêà â ýíåðãèè ïó÷êà (èíòåðïîëÿöèè äàííûõ) ∼60 êýÂ.
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Èìïóëüñíîå è óãëîâîå ðàçðåøåíèå (BhaBha)

Ýêñïåðèìåíòàëüíûå çàõîäû 2016-2017 ãã.
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Ýêñïåðèìåíòàëüíûå çàõîäû 2004 ã.
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Ôóíêöèè ðàñïðåäåëåíèÿ äëÿ D0 - ìåçîíà

Ñèãíàëüíûé PDF

Ïàðàìåòðèçóåòñÿ ñóììîé äâóõ äâóõìåðíûõ ãàóññîâñêèõ ðàñïðåäåëåíèé ïî Mbc è M E
(ïðåäñòàâëÿÿ ÿäðî è õâîñòû ðàñïðåäåëåíèé) ñ êîððåêöèåé è ñ êâàäðàòè÷íîé çàâèñèìîñòüþ
ðàçðåøåíèÿ Mbc îò M |p|. Ðàñïðåäåëåíèå ÿäðà ÿâëÿåòñÿ àññèìåòðè÷íûì â Mbc (σl(Mbc) è
σr(Mbc) äëÿ ëåâîãî è ïðàâîãî íàêëîíà).

PDFsig(Mbc,M E,M |p|) = |1 + k1 M p
2| ×

(
exp
(−dde2

2de2σ

)
×

exp
(
−(dmbc)2

2mbc2σ

)
(mbcσl +mbcσr )

+ |k2|exp
(−dde2

2dew2
σ

)
×
exp
(
−dmbcw2

2mbcw2
σ

)
mbcwσ

)
+ |k3|PDFdbck(Mbc,M E,M p, dbck_par)

dde =M E − demean
dmbc = Mbc −mbcmean −mbcdecorr × dde
dmbc < 0 : mbcσ = mbcσl =

√
mbc2σ0l

+ (M p×mbcσ2 )2 + (M p2 ×mbcσ4 )2

dmbc > 0 : mbcσ = mbcσr =
√
mbc2σ0r

+ (M p×mbcσ2 )2 + (M p2 ×mbcσ4 )2

dmbcw = Mbc −mbcmean −mbcdewcorr × dde−mbcwshift
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Ôóíêöèè ðàñïðåäåëåíèÿ äëÿ D0 - ìåçîíà

PDF äëÿ ôîíà îò ñîáûòèé êîíòèíóóìà (e+e− → qq̄, q = u, d, s)

PDFuds(Mbc,M E,M |p|) = exp

(
k1

(
M2
bc

E2
beam

− 1

)
− k2 M E

)
× (1 + k3 M |p|2)

PDF äëÿ ôîíà îò ðàñïàäîâ e+e− → ψ(3770)→ DD̄

Ïàðàìåòðèçóåòñÿ ôóíêöèåé òîãî æå âèäà, ÷òî è äëÿ ôîíà èç êîíòèíóóìà, ñ äîáàâëåíèåì òðåõ
äâóìåðíûõ ãàóññîâñêèõ ðàñïðåäåëåíèé ïî ïåðåìåííûì Mbc è M E. Äâà èç íèõ îïèñûâàþò
ôîí îò ñîáûòèé D0 → π+π− è D0 → K+K−, òðåòüå (ñîñòàâëÿþùåå ïîäàâëÿþùóþ ÷àñòü
ôîíà) - ðàñïàäû D0 íà òðè è áîëåå ÷àñòèö.

PDFdbck(Mbc,M E,M |p|) =

(
exp

(
k1

(
M2
bc

E2
beam

− 1

)
− k2 M E

)

+ |k3|exp
(
−

(Mbc −mbcmean)2

2mbc2σ0

−
(M E − demean)2

2de2width)

)

+ |k4|exp
(
−

(Mbc −mbcmean1 −mbcshift)2

2mbc2σ1

−
(M E − demean1)2

2de2width1

)

+ |k5|exp
(
−

(Mbc −mbcmean1 +mbcshift)
2

2mbc2σ2

−
(M E + demean1)2

2de2width1

))
× |1 + k6 M p

2|
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Ôóíêöèè ðàñïðåäåëåíèÿ äëÿ D+ - ìåçîíà

Ñèãíàëüíûé PDF

PDFsig(Mbc,M E) =

(
k1

(
exp

(
−dde2

2deσ

)
×

exp
(
−dmbc2
2mbcσ

)
mbcσl +mbcσr

+ k2exp

(
−dde2

2dewσ

)
× exp

(
−dmbcw2

2mbcwσ

))

+ |k3|PDFdbck(Mbc,M E, dbck_par)

)
×
√
E2
beam −M

2
bc

dde =M E − demean
dmbc = Mbc −mbcmean −mbcdecorr × dde
dmbc < 0 : mbcσ = mbcσl dmbc > 0 : mbcσ = mbcσr
dmbcw = Mbc −mbcmean −mbcdewcorr × dde−mbcwshift
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Ôóíêöèè ðàñïðåäåëåíèÿ äëÿ D+ - ìåçîíà

PDF äëÿ ôîíà îò ñîáûòèé êîíòèíóóìà (e+e− → qq̄, q = u, d, s)

PDFuds(Mbc,M E,M |p|) = exp
(
k1y

2 −
[
k2 + k3y

2
]
M E + k4 M E

2
)
×
√
E2
beam −M

2
bc

y =
√
Mbc/Ebeam − 1

PDF äëÿ ôîíà îò ðàñïàäîâ e+e− → ψ(3770)→ DD̄

PDFdbck(Mbc,M E) =

(
exp (k1(Mbc/Ebeam − 1)− k2 M E)

+ |k3|exp
(
−(Mbc −mbcmean)2

2mbc2σ0

−
(M E − demean)2

2de2width

)

+ |k4|exp
(
−(Mbc −mbcmean)2

2mbc2σ1

−
(M E − demean1)2

2de2width1

))
×
√
E2
beam −M

2
bc

Èâàí Îâòèí (ÈßÔ ÑÎ ÐÀÍ) Èçìåðåíèå ìàññ D-ìåçîíîâ 4 àïðåëÿ 2024 ã. 16 / 16


	   e+e-  -4
	    D-
	 
	    
	 
	

