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Motivation
The phi meson ( -meson), also known as the (1020)-meson, is an 
elementary particle belonging to the class of vector mesons composed of a 
strange quark (  ) and its antiquark (  ).


Detecting  mesons has significant importance for advancing our 
understanding of the fundamental nature of matter and its behaviour under 
extreme conditions.


Additionally,  mesons can also be utilized in technical tasks, such as 
calculating the purity and contamination levels of charged hadrons following 
Particle Identification (PID).
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φ(1020) IG (JPC ) = 0−(1 −−)

φ(1020) MASSφ(1020) MASSφ(1020) MASSφ(1020) MASS

VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT

1019.455±0.020 OUR AVERAGE1019.455±0.020 OUR AVERAGE1019.455±0.020 OUR AVERAGE1019.455±0.020 OUR AVERAGE Error includes scale factor of 1.1.

1019.30 ±0.02 ±0.10 105k AKHMETSHIN 06 CMD2 0.98–1.06 e+ e− →
π+π−π0

1019.52 ±0.05 ±0.05 17.4k AKHMETSHIN 05 CMD2 0.60-1.38 e+ e− →
ηγ

1019.483±0.011±0.025 272k 1 AKHMETSHIN 04 CMD2 e+ e− → K0
L

K0
S

1019.42 ±0.05 1900k 2 ACHASOV 01E SND e+ e− → K+ K−,
KS KL, π+π−π0

1019.40 ±0.04 ±0.05 23k AKHMETSHIN 01B CMD2 e+ e− → ηγ

1019.36 ±0.12 3 ACHASOV 00B SND e+ e− → ηγ

1019.38 ±0.07 ±0.08 2200 4 AKHMETSHIN 99F CMD2 e+ e− → π+π− ≥
2γ

1019.51 ±0.07 ±0.10 11169 AKHMETSHIN 98 CMD2 e+ e− → π+π−π0

1019.5 ±0.4 BARBERIS 98 OMEG 450 pp →
pp2K+2K−

1019.42 ±0.06 55600 AKHMETSHIN 95 CMD2 e+ e− → hadrons
1019.7 ±0.3 2012 DAVENPORT 86 MPSF 400 pA → 4K X

1019.7 ±0.1 ±0.1 5079 ALBRECHT 85D ARG 10 e+ e− →
K+ K−X

1019.3 ±0.1 1500 ARENTON 82 AEMS 11.8 polar. pp →
K K

1019.67 ±0.17 25080 5 PELLINEN 82 RVUE

1019.52 ±0.13 3681 BUKIN 78C OLYA e+ e− → hadrons

• • • We do not use the following data for averages, fits, limits, etc. • • •

1019.441±0.008±0.080 542k 6 AKHMETSHIN 08 CMD2 1.02 e+ e− →
K+ K−

1019.63 ±0.07 12540 7 AUBERT,B 05J BABR D0 → K0K+ K−

1019.8 ±0.7 ARMSTRONG 86 OMEG 85 π+/pp →
π+/p4K p

1020.1 ±0.11 5526 7 ATKINSON 86 OMEG 20–70 γp

1019.7 ±1.0 BEBEK 86 CLEO e+ e− → Υ(4S)

1019.411±0.008 642k 8 DIJKSTRA 86 SPEC 100–200 π±, p, p,

K±, on Be
1020.9 ±0.2 7 FRAME 86 OMEG 13 K+ p → φK+ p

1021.0 ±0.2 7 ARMSTRONG 83B OMEG 18.5 K− p →
K−K+Λ

1020.0 ±0.5 7 ARMSTRONG 83B OMEG 18.5 K− p →
K−K+Λ

1019.7 ±0.3 7 BARATE 83 GOLI 190 π−Be → 2µX

1019.8 ±0.2 ±0.5 766 IVANOV 81 OLYA 1–1.4 e+ e− →
K+ K−

1019.4 ±0.5 337 COOPER 78B HBC 0.7–0.8 pp →
K0

S
K0

L
π+π−

1020 ±1 383 7 BALDI 77 CNTR 10 π− p → π−φp
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1018.9 ±0.6 800 COHEN 77 ASPK 6 π±N →
K+ K−N

1019.7 ±0.5 454 KALBFLEISCH 76 HBC 2.18 K− p → ΛK K

1019.4 ±0.8 984 BESCH 74 CNTR 2 γp → pK+K−

1020.3 ±0.4 100 BALLAM 73 HBC 2.8–9.3 γp

1019.4 ±0.7 BINNIE 73B CNTR π− p → φn

1019.6 ±0.5 120 9 AGUILAR-... 72B HBC 3.9,4.6 K− p →
ΛK+ K−

1019.9 ±0.5 100 9 AGUILAR-... 72B HBC 3.9,4.6 K− p →
K− pK+K−

1020.4 ±0.5 131 COLLEY 72 HBC 10 K+ p → K+ pφ

1019.9 ±0.3 410 STOTTLE... 71 HBC 2.9 K− p →
Σ /ΛK K

1Update of AKHMETSHIN 99D
2 From the combined fit assuming that the total φ(1020) production cross section is

saturated by those of K+ K−, KS KL, π+π−π0, and ηγ decays modes and using
ACHASOV 00B for the ηγ decay mode.

3Using a total width of 4.43 ± 0.05 MeV. Systematic uncertainty included.
4Using a total width of 4.43 ± 0.05 MeV.
5PELLINEN 82 review includes AKERLOF 77, DAUM 81, BALDI 77, AYRES 74, DE-
GROOT 74.

6 Strongly correlated with AKHMETSHIN 04.
7 Systematic errors not evaluated.
8Weighted and scaled average of 12 measurements of DIJKSTRA 86.
9Mass errors enlarged by us to Γ/

√
N ; see the note with the K∗(892) mass.

φ(1020) WIDTHφ(1020) WIDTHφ(1020) WIDTHφ(1020) WIDTH

VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT

4.26 ±0.04 OUR AVERAGE4.26 ±0.04 OUR AVERAGE4.26 ±0.04 OUR AVERAGE4.26 ±0.04 OUR AVERAGE Error includes scale factor of 1.4. See the ideogram below.

4.30 ±0.06 ±0.17 105k AKHMETSHIN 06 CMD2 0.98–1.06 e+ e− →
π+π−π0

4.280±0.033±0.025 272k 10 AKHMETSHIN 04 CMD2 e+ e− → K0
L

K0
S

4.21 ±0.04 1900k 11 ACHASOV 01E SND e+ e− → K+K−,
KS KL, π+π−π0

4.44 ±0.09 55600 AKHMETSHIN 95 CMD2 e+ e− → hadrons
4.5 ±0.7 1500 ARENTON 82 AEMS 11.8 polar. pp → K K

4.2 ±0.6 766 12 IVANOV 81 OLYA 1–1.4 e+ e− → K+K−

4.3 ±0.6 12 CORDIER 80 DM1 e+ e− → π+π−π0

4.36 ±0.29 3681 12 BUKIN 78C OLYA e+ e− → hadrons

4.4 ±0.6 984 12 BESCH 74 CNTR 2 γp → pK+K−

4.67 ±0.72 681 12 BALAKIN 71 OSPK e+ e− → hadrons

4.09 ±0.29 BIZOT 70 OSPK e+ e− → hadrons

• • • We do not use the following data for averages, fits, limits, etc. • • •

4.24 ±0.02 ±0.03 542k 13 AKHMETSHIN 08 CMD2 1.02 e+ e− → K+ K−

4.28 ±0.13 12540 14 AUBERT,B 05J BABR D0 → K0K+ K−

4.45 ±0.06 271k DIJKSTRA 86 SPEC 100 π−Be
3.6 ±0.8 337 12 COOPER 78B HBC 0.7–0.8 pp →

K0
S

K0
L

π+π−
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4.5 ±0.50 1300 12,14 AKERLOF 77 SPEC 400 pA → K+ K−X

4.5 ±0.8 500 12,14 AYRES 74 ASPK 3–6 π− p →
K+K− n, K− p →
K+K−Λ

/

Σ0

3.81 ±0.37 COSME 74B OSPK e+ e− → K0
L

K0
S

3.8 ±0.7 454 12 BORENSTEIN 72 HBC 2.18 K− p → K K n

10Update of AKHMETSHIN 99D
11 From the combined fit assuming that the total φ(1020) production cross section is

saturated by those of K+ K−, KS KL, π+π−π0, and ηγ decays modes and using
ACHASOV 00B for the ηγ decay mode.

12Width errors enlarged by us to 4Γ/
√

N; see the note with the K∗(892) mass.
13 Strongly correlated with AKHMETSHIN 04.
14 Systematic errors not evaluated.

WEIGHTED AVERAGE
4.26±0.04 (Error scaled by 1.4)

BIZOT 70 OSPK
BALAKIN 71 OSPK
BESCH 74 CNTR
BUKIN 78C OLYA
CORDIER 80 DM1
IVANOV 81 OLYA
ARENTON 82 AEMS
AKHMETSHIN 95 CMD2 3.8
ACHASOV 01E SND 1.8
AKHMETSHIN 04 CMD2 0.2
AKHMETSHIN 06 CMD2 0.0

χ2

       5.8
(Confidence Level = 0.120)

3.5 4 4.5 5 5.5

φ(1020) width (MeV)

φ(1020) DECAY MODESφ(1020) DECAY MODESφ(1020) DECAY MODESφ(1020) DECAY MODES

Scale factor/
Mode Fraction (Γi /Γ) Confidence level

Γ1 K+K− (48.9 ±0.5 ) % S=1.1

Γ2 K0
LK0

S (34.2 ±0.4 ) % S=1.1

Γ3 ρπ + π+π−π0 (15.32 ±0.32 ) % S=1.1

Γ4 ρπ
Γ5 π+π−π0

Γ6 ηγ ( 1.309±0.024) % S=1.2

Γ7 π0γ ( 1.27 ±0.06 ) × 10−3
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Technically,  mesons are both produced and 
decay at the same vertex.

It is necessary to consider all pairs of 
oppositely charged tracks and calculate their 
invariant mass.

ϕ

With the SPD, we can detect  mesons 
through their decay into oppositely 

charged  mesons:

ϕ

K



An official production status
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We have datasets of unpolarized proton-proton 
(pp) and deuteron-deuteron (dd) Monte Carlo 

simulations generated using the production 
system provided by the MLIT JINR team.


[https://docs.google.com/spreadsheets/d/
1JWob53dfwMvTlmdsGncwQmPeVbmzFKuD8DHE4rYsJFw/
edit?gid=0#gid=0]


https://docs.google.com/spreadsheets/d/1JWob53dfwMvTlmdsGncwQmPeVbmzFKuD8DHE4rYsJFw/edit?gid=0#gid=0
https://docs.google.com/spreadsheets/d/1JWob53dfwMvTlmdsGncwQmPeVbmzFKuD8DHE4rYsJFw/edit?gid=0#gid=0
https://docs.google.com/spreadsheets/d/1JWob53dfwMvTlmdsGncwQmPeVbmzFKuD8DHE4rYsJFw/edit?gid=0#gid=0


An official production name:     PROD2025-004 

[https://docs.google.com/spreadsheets/d/1JWob53dfwMvTlmdsGncwQmPeVbmzFKuD8DHE4rYsJFw/edit?gid=0#gid=0]


pp@10 GeV with Pythia 8 + SPDroot-dev-4.1.7 (~40 mln events)


The description of the first-phase detector is utilized.


According to the Technical Design Report (TDR), the Micromegas-based Central Tracker is 
 in length     ( , )


Central part of beam pipe is made of Aluminum

Options for track reconstruction:

90 cm −45 cm < Z < 45 cm R = 5 cm

Simulation+Reconstruction

5

• CheckMinItsHits(true, 0);
• CheckMinTsHits(true, 6);
• CheckMinHits(true, 7);
• Check MinPartPt(true, 0.1);
• CheckMinPartMomentum(true, 0.15);

https://docs.google.com/spreadsheets/d/1JWob53dfwMvTlmdsGncwQmPeVbmzFKuD8DHE4rYsJFw/edit?gid=0#gid=0
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Track Selection
Vertex selection: 

should be fitted and located inside the MCT:


   and    

Track selection:


All tracks produced in PV (fitted, converged)

Number of hits:   and 


Hadron momentum 


Since charged hadrons are predominantly pions, 
particle identification (PID) is necessary!

−45 cm < Z < 45 cm X2 + Y2 < 5 cm

NMCT hits > = 1 NSTRAW hits > = 16

p > 150 MeV/c
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PID with STRAW
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With the STRAW detector, it is possible 
to identify hadrons with momenta of up 
to a maximum of .1 GeV/c
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Selection of generated  :


• SpdMCParticle::GetGeneration() == 1


• Momentum of charged tracks 


Selection of accepted  :


• Number of ITS hits 


• Number of STRAW hits 


• Momentum of charged tracks  (PID 
with STRAW only)


ϕ → K+ + K−

> 150 MeV/c

ϕ → K+ + K−

≥ 1

≥ 16

< 1 GeV/c

Geometry acceptance =
Number of accepted ϕ
Number of generated ϕ

Geometry acceptance ( / )40.5 % 36.7 %
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ϕ → K+ + K−
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Summary
of   are accepted by the SPD spectrometer


Since charged hadrons are predominantly pions, to reduce the large background 
under the  meson peak in invariant mass, particle identification (PID) is essential!


The STRAW detector can independently identify kaons with momenta of up to a 
maximum of .


Geometry acceptance: of   mesons can be selected


Available kinematical range is    ,    

40.5 % ϕ → K+ + K−

ϕ

1 GeV/c

36.7 % ϕ → K+ + K−

−0.4 < xF < 0.4 pT < 2.0 GeV/c

10

Thanks for your attention!


