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UcTtopua usmepeHu B* Me30HOB

JdxcnepuMeHTh! LEP L3, DELPHI, OPAL, ALEPH nodpasymeeaem Am = m(B*)-m(B°)=m(B™)-m(B")

AJist D Me30HOB 3TH Am oT/inyaloTca Ha 1.5 MeV!

Z—bb, UHK/I1031BHAasA PEKOHCTPYKLMA B Me30HOB Kak b-jet
M3yyanucek pacnpegenienus b-jet + kouBepTUpoBaBIInM Y
HN3mepsiiach «cpegHss mexay B, B, B.®» pa3HocTb Mg
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m(B**)-m(B*) nuamepeno LHCb yepe3 pa3HOCTb NOJI0XKEHUU NTMKOB . 1) [ 539471 4 0.21 MeV
* 0 * _ * 0 - cm 172(0°)
B,,(5840)°— B™* K™ 1 B;,(5840)° » B*K T mg—mg 45.21 + 0.21 MeV
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OcHogHasa npo6aema: homoHsl HU3Koli IHepzuu u3z B*—>By 2
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N3yuyenue B’ Ha B-pabpukax

Macca B_° usmepsiiach Ha B-¢pabpukax
ucnoJsib3ys cnektp BY us pacnagosY(5S):

Y(5S)— B? B?

Y(5S)— B:% B?
Y(5S)— B? B
Y(5S)- B B°

PesynbTaThl Belle 1 CLEO He cornacyroTcss Mexay cobou
(PDG scale factor 2.9)
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VALUE (MeV) DOCUMENT ID TECN COMMENT
48.5J_ri:g OUR FIT Error includes scale factor afi

46.1 + 1.5 OUR AVERAGE

45.7 £1.7 +0.7 TAQUINES 2006 CLEO et e — I(55)
47.0 £2.6 2 |[EE-FRANZINI 1990 CSB2 et e — I(55)

From mass difference below and the B? mass.

VALUE (MeV) DOCUMENT ID TECN
5415.471F  OURFIT Error includes scale factor of 2.9.
5415.8 +1.5  OUR AVERAGE Error includes scale factor of 2.6.

LOUVOT 2009  BELL
T AQUINES 2006 CLEO

5416.4 +0.4 +0.5
5411.7 +1.6 +0.6

Hcnoav3ys dannbie CMS, omdesbHo nosHocmblo pekoHcmpyupyem B*, B%, u BY me3oHbl 8 pacnadax c |/, + pomoH 3
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https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-24-011/index.html
http://dx.doi.org/10.1103/njf9-4zfv

PeKoHCcTpYKIUA B

o Hcnonb3ywTca Bce faHHble Run-2 ¢ AMMIOOHHBIMU TPUTTEpaMHy, 6€3 BbI6Opa OJHOTO

o B*->yK*

o B%— 1 K'(892)° [K*m]
o B> o [KKT]

o J/,Y(2S) - pp

O e*e” KOHBepPCHUH JJis PEKOHCTPYKIMU MATKUX POTOHOB
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OnTuMusauusa pura

M(Xy) =m(Xy)-m(X)+M"¢(X)

Paspemenue no M(By) CUJIbHO 3aBUCHUT OT NCEBAOOBICTPOTHI (1)) X MIOYTH HE 3aBUCHUT OT Py

C nomombio ToyMC (rceBA03KCIIEPUMEHTHI) OBIJIO OJYYE€HO, YTO HaWJIydilasi TOYHOCTb B
M3MepeHrHr Macc B* qocturaeTcsa npu MCIoJib30BaHUU OJJHOBPEMEHHOM allllPOKCUMAIIUH:

* B Tpéx guanasoHax |n| ajas B
* 0<|n|<0.6, 0.6<|n|<1.0, 1.0<|n|<1.4

* B aByx auanasonax |n| gJs B
* 0<|n|<0.9, 0.9<|n|<1.5

* B aByx auanasoHax |n| ass B
. 0<|n|<0.8, 0.8<|n|<1.4

HToro 7 pacnpenenenuit M(By) B OHOBPEMEHHOM allIPOKCHMAIlUH
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®opmMbI CMrHaJia 1 ¢poHa

CHUTrHaJI (B kax/0M U3 7 AUAIa30HOB) MOJEJUpPYeTCs ABOMHOM PpyHKIuel Kpuctann-Bou co Bcemu

napaMmeTpaMH, PUKCUPOBAaHHBIMU U3 MC, U 0MOJITHUTEIbHBIM CBOOOAHBIM NMapaMeTpoM (~1) Ha KOTOPbIX
YMHOKeHbI BCE IIUPUHBI (/151 yU€Ta pa3HOCTH pa3pelieHus Mex1y JaHHbIMU U MC)

Kom6uHaTopHbIH ¢poH: (m-m?)P c obmmm 3

B*—J]/yn* - pukcupoBaHHasag GopMa ¥ HOPMHUPOBKA OTHOCHUTEJIbHO cUrHaJsia B* — J /i) K*
J/Ymt-kombuHayuu mo2ym 6bimb 80CCMAHOB/AEHbI KAK cu2Ha/asl B* — [/ K*

®oH 0T B3aUMHBIX BKJ1a10B B0 < BZO - CUTHaJIbHbIe GOPMBI CO CABUTOM Ha ~86 MeV
B0 — Y K*m~ Mo2ym 6bimb 60ccmaHo8/1eHbl Kak cueHasbl Bl — 1 K*K~ u Hao6opom
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PESYALTATHI

PDG 2024 [MeV]

Parameter Value OCHOBHOII pe3yabmam:
Am(B**) = m(B*T) —m(B™) 45.277 +0.039 4 0.027 MeV 45.34 £0.20 ' ceepxmonkue pacujensenus
Am(B*) —m(BY) 45.471 + 0.056 + 0.028 MeV 45.34 +0.20 Tounocmb Ha nopsdok
Am(B) —m(BY) 49.407 £ 0.132 + 0.041 MeV 4854 1.4 | Npesocxodum cpedriexuposyio

) 5324.69 - 0.04 + 0.03 + 0.07 MeV ;ddzpbc
5325.19 &+ 0.06 & 0.03 & 0.08 MeV || "%ses
5416.34 4 0.13 & 0.04 & 0.10 MeV

0504+ 0.07+0.01 £ 0.05 ]\/[e\]<~ . PasHocmu macc 8eKmMOpHbIX COCMOSTHULL CMS-BPH-16-003
(B*O) ( *+ 91.66 +0.14 + 0.03 + 0.12 MeV- 565225c2J5555a;5> Mg« — Mp-+ = 0.91 £0.24 £ 0.09 = 0.02 MeV

m(B¥0) —m(B*0) 91.1540.14 4 0.03 + 0.12 MeV -m

— % [ (B*Y) +m(B**)] 91.40 4-0.13 +0.03 £ 0.12MeV

) “B* mass” 5324.75+0.20 MeV (PDQG)
5)
)
)
)
]
Am(B*) — Am(B*")  0.19 +0.07 £ 0.01 MeV
)
)
]
)
)
)

B mass 5415.4+1.4 MeV  (PDG)

m(B*%) —

O o] O Ul WO =

nepevle usmepeHus

p—
o

=
N —

Am (B*O) Am(B*")  4.13+0.14 + 0.03 MeV PasHocmu ceepXmoHKux
Am(B}%) — Am(B*®) 3.94 £0.14 & 0.03MeV pacwenienuu:
[Am(B*0) + Am(B*T)]  4.03 +£0.13 £ 0.03 MeV fEpEble UsMEpeHuA

1.0043 == 0.0015 = 0.0002
1.0912 = 0.0031 = 0.0007
1.0866 = 0.0031 & 0.0007

p—
(O8]

_1
2

Am(B*0)/Am(B**
Am(BY)/Am(B*+
Am(B:%)/Am(B*°
2Am(B:0)/ [Am(B*T) + Am(B*?)]  1.0889 + 0.0030 + 0.0007

OmHoweHuUs1 C8epXMmMOHKUX
pacujenaeHut
nepabvie usmepeHus

Comparison with theory: see backup
IMorpemHocru: tstat xsyst *PDG 8
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Pa3HoOCTK macc mMmexay BeKTOpHbIMU U OCHOBHbIMU COCTOAHUAMMU

O4yapoBaHHbIe ME30HBI

m(D%) <m(D*)  <m(DJ)
Am(D™) <Am(D) <Am(D.")

m < my <m

u

Amg <Am,_ < Am,

[IpesecTHble Me30HEI

m(B*) <m(B°)  <m(B)
Am(B™) <Am(B®) <Am(B.")

m < my <m
Am <Am, < Am,



* BrnepBble NOJIHOCTHIO BOCCTAHOBJ/IEHbI BeKTOpHbIE Me30HbI B™, B, u B_?

 Ha nopsigok yjay4duieHa TOYHOCTb U3MEePEHUM COOTBETCTBYIOLIUX CBEPXTOHKHUX
pacuenjieHumn!

18 usMepeHHbIX NapaMeTPOB (Pa3HOCTH/OTHOLIEHUS )

* [lnaHupyeTcsa NpoAOJLKUTD UCCIEN0BAHUS C KOHBEPCUOHHBIMU POTOHAMU HCIIOJIb3Y S
naHHble Run-2 + Run-3

Thank you!
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Most predictions we found have no uncertainties; have no fractions of MeV (while experimental precision is
~0.1 MeV); don’t discuss presented here ratios or differences; and they all don’t distinguish B* and B &

Parameter | Measurement, MeV | Theory, MeV
: : Am(B*)
Only few (lattice) theory papers provide m(B+) — m(p+) | = EOPE00271 50+ 3110]
e 39 2 [24]
uncertainties and comment on mass 8B | 1+ 0056 4 0008 | 417 £5.3 [25] LGl Py Rev.p 86 (2012 393510
differences between vector and ground m(B*) —m(B%) | ' ' (241 HEP 01.(2025) 123
states, i.e. hyperfine splitting in B system. Am(B2) 52 +3[10] e
o S /| 49.407 +0.132 + 0.041 | 38+ 1[24]
m(BS7) —m(B;) 37.8 + 6.7 MeV [25]
Parameter Measurement theory
*0 *—+
am (B m)(é*%;”g;o)) 1.0043 +0.0015 £0.0002 |
One paper [10] comments that the ratio w(B7) " m(BT)
. _ Am(B20)/ Am(B*T) [10] Phys.Rev.D 86 (2012) 094510
Of hyperflne SpllttlngS Am(BS) /Am(B) m(B;O)—m(Bg) 1.0912 = 0.0031 = 0.0007 Eﬁ;gziw'iﬂ'cic;:h}:;fﬁﬁgeﬁifa5;332222553R' R.

can be predicted with lower uncertainty: USARL R o e G0 g
. *( *0 uarks in the sea”
Am(Bsm)(éﬁﬁfEBO)) 100740034 [10]
m(BiO)fm(B%)

2-Am(BY)
Am(B*+)+ASm(B*0) 1.0889 £ 0.0030 £ 0.0007

1.0866 + 0.0031 = 0.0007
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B0—>] / L|JK+T[_ During reconstruction, pion may be swapped with kaon

(well-known feature from many analyses with B?, the same P5’ BPH-21-002, etc)

We obtain the fraction of swapped component w.r.t. “correctly-tagged” to be about 9%

However, the observed shape in M(By) is consistent with the correct component, with no shift or broadening

- We ignore this, since swapped candidates will give the same signal shape

Since we have no hadron ID, BY=]/{K*n~ can look like B? —]/1/K*K™ and vice versa

To suppress these, we have anti-@ cut in B? selection and a narrow ¢—K*K~ mass cut in B? selection

Still, some fraction of events passes through

The shapes was studied in MC (removing ¢ and anti-@ cuts to increase stats) and we found that

« B'0— BY% —J/YK*n~y reflection in M(B? y) has the same shape as B*® - B%y signal, just shifted by 87.54 MeV
« B.= By =]/WK*K vy reflection in M(B? y) has the same shape as B.” — B?y signal, just shifted by -87.78 MeV

For the normalization, B? is not reliable due to significant contribution of B? -] /{K*K~ decays not through ¢ resonance
For the B0 reflection in M(B? y) , it is estimated to be ~0.67% of the B** signal

13
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measured obSERVabLES: ratios and diFFe

1. Am(B*") = m(B*") —m(B™), directly \ = 2
g

#y — () 0 : e %

2. Am(B*) = m(B*) — m(B"), directly aa%
3. Am(B!%) = m(B:°) — m(B?), directly %5

m(B*"), using 1. and PDG B* mass
m(B*?), using 2. and PDG BY mass
m(BL), using 3. and PDG B? mass
7. Am(B*?) — Am(B*1), directly

8. Am(BZ%) — Am(B*"), directly

9. Am(B}Y) — Am(B*"), directly

=[] *
10. Am(BZY) — Am(B J;ﬂm{ﬁ ), directly

m(B*") —m(B*"), using 7. and PDG mass difference m(B") — m(B*)
&

m(B:%) — m(B*"), using 8. and PDG mass difference m(BY) — m(B*)
&

m(B*0) — m(B*?), using 9. and PDG mass difference m(BY) — m(B°
5 g s

m(B*0)+m(B*1)

m(B:°) —

15. Am(B*?)/Am(B*"), directly

16. Am(B:%)/Am(B*1), directly
17. Am(B:%)/Am(B*?), directly

2-&::1[]3;‘0) )
" Am(B*F)+Am(B*0)’ directly

0
5 , using 10. and PDG mass difference m(B?) — m(BY)+m(BT)

2

7 out of 18:(4,5,6,11,12,13,14) - are just shifted
by a PDG value w.r.t. another observable

(Statistical and) systematic uncertainties of 1,2,3 are correlated and can cancel in difference/ratio =2

extract all 11 values in each test/variation and evaluate systematics “separately” for the 11 observables

Theory/model uncertainties are also expected to be reduced in the difference/ratio predictions

14
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15

Source m(B**) —m(B*) m(B*?) — m(BY) B:0) — . s
Signal mode] )~ 1 ) )~ 5 m( 21 In all cases systematic uncertainties
Signal shape parameters 15 15 18 @ inkeV are much smaller than statistical ones
Yield ratios of |1(y)| ranges 1 2 10
Background shape 2 <1 7
Cross-feed B0 +» B*0 <1 1 10
Photon energy scale, statistical 12 14 16
Photon energy scale, systematic 18 18 19
Total 27 28 41
Source Am(B) — Am(B**)  Am(B) — Am(B*)  Am(B) — Am(B*)  Am(B20) — Am(B)ram(B*Y)
Measured value 194 4130 3936 4033
Statistical uncertainty 68 138 139 134
Signal model 4 23 23 23
Signal shape parameters 1 3 3 3 ;
Yield ratios of |#(7y)| ranges 3 11 7 9 « in keV
Background shape 3 9 6 8
Cross-feed B2 «» B*! 1 10 12 11
Photon energy scale, statistical 4 11 11 11
Photon energy scale, systematic <1 2 2 2
Total systematic uncertainty 7 31 30 30
. . * 2Am (B30
Source Am(B)/Am(B*")  Am(BL)/Am(B ") Am(BL0)/Am(B0) ok +";(+§m)(3*0>
Measured value 1.00428 1.09122 1.08656 1.08888
Statistical uncertainty 0.00151 0.00306 0.00309 0.00297
Signal model 0.00009 0.00050 0.00052 0.00052
Signal shape parameters 0.00002 0.00003 0.00004 0.00003
Yield ratios of |#(7y)| ranges 0.00008 0.00023 0.00016 0.00020
Background shape 0.00005 0.00020 0.00014 0.00017
Cross-feed BY < B*¢ 0.00003 0.00023 0.00025 0.00015
Photon energy scale 0.00009 0.00025 0.00024 0.00024
Total systematic uncertainty 0.00016 0.00067 0.00066 0.00065


https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-24-011/index.html
http://dx.doi.org/10.1103/njf9-4zfv

We are using the PV refit, developed and pioneered
in BPH-19-003 (A)m*n), and used in BPH-20-004 (E;m*1")
CMS ‘ up to 140 i (13 TeV) CMS ‘ 140 b (13 TeV)
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https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-19-003/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-19-003/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-19-003/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-19-003/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-19-003/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-20-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-20-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-20-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-20-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-20-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-20-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-19-003/index.html
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