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Discrepancy 60 keV between best measurements

error of fit: s = 16 keV

s = 13 keV

Errors scaled by x 2.4

Review of Particle Physics 2021

~1990

Goal: solve the discrepancy and try to decrease the uncertainty to below 16 keV

16 keV —> 32 ppm,  compared to charged pion: 0.18 keV -> 1.3 ppm

Emulsions: K+
K atoms: K-
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Mass spectrum distorted (asymmetric, narrower)  
due to the threshold, unfold resolution, Flatté analysis
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B+ ! X(3872)K+
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� = 0.96+0.19
�0.18 ± 0.21 MeV

Breit-Wigner fit determined by the detector resolution

Not adequate for high resolution experiments  
because of  threshold
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D0D0⇤

PHYSICAL REVIEW D 102, 092005 (2020)

Threshold depends on D0 mass (known to 50 keV)

1 MeV
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� = 0.22+0.06+0.25
�0.08�0.17 MeV

Mass = 

threshold is within the width of X(3872):

Threshold - Mass = 70 ± 120 keV  (LHCb)

JHEP 08 (2020) 123

Prominent: X(3872) ->
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J/ ⇡+⇡�

LHCb

Probably bound “molecule” (cqqc) of two hadrons

3

First observation by BELLE in 2002:  
decay into  
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J/ ⇡+⇡�

very narrow
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D0D̄⇤0

3871.65 ± 0.06 MeV (World average 2021)
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D0D̄⇤0
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J/ ⇡+⇡�

Many new mesons have been observed since 20 years in the charm spectrum: ccqq, cqqc ?

dominant
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D0D̄⇤0

D0* -> D0 p0NB:
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Remember the deuteron: 
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R =
1p
2µB

= 4.3 fm
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for B = 2.2 MeV

reduced np mass

Assume 
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B = 100 keV
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R = 14 fm

C    U

C   U

pion exchange (Törnqvist, PRL 67 (1992) 556)

14 fm?

Precise measurement of mass and threshold location to know the size of the object

for a bound X(3872):

D*0

D0

4

hadron-hadron molecule

Neutral D (D0, D0) decay dominantly into channels with kaons (c->s) 
 

Precise threshold determination -> need more precise D0 mass (now 50 keV) 
                                                    -> more precise kaon mass (now 16 keV)

C   C   
ua tetraquark is compact 

diquark-antidiquark U

Size of the X(3872)
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K mass precision -> D mass precision: simple simulation of D0 decay (assume phase space):

keV

For example 
current

Phase space? The decay channels involve  
resonances which do not change the results  
significantly.

For example: reducing the error on the K-mass by a factor of 2 would lead to an improvement  
of 4-5 on the contribution to the D0 mass (currently 50 keV) in the two-kaon decay mode.
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⇢0
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�⇢0(a) (b) (c)

5

Avoid single K channels: dominated  
by momentum resolution on fast pions
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Conclusions

The last measurements of the charged kaon mass are very old (at least 30 years).

There is a discrepancy of 60 keV between the two most accurate measurements,  
each measured with about 10 keV r.m.s resolution.

This leads to an error of 16 keV (s) on the charged kaon mass and propagates to an error of 50 keV (s)  
on the D0 mass.

This uncertainty is propagated to the charmonium spectrum, in particular to precise 
values of charm-anticharm meson thresholds.

A particular case is that of               which lies within the measured width of the best known  
candidate for a hadron-hadron molecule, the X(3872).

An improved K-mass measurement would lead to a better interpretation of the X(3872) and a  
determination of its radius.

Reducing the error on the K-mass by a factor of 2 could lead to an improvement of 4-5  
on the D0 mass in the two-kaon decay mode.   
 
But other systematics (momentum resolutions) may become dominant in re-analyses of old data,  
or in new measurements. 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D0D⇤0
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