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Introduction (P-wave B? states)
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The decay B,; —» B*K" corresponds to (in J?) 1*— 0-0- and is forbidden {Zﬁi b e no‘;gg:jz::zd) ‘

The decay B,; » B™*K" corresponds to (in J?) 1*— 1-0- and #,"— 4*0- injP
In HQET jP is also conserved = it cannot proceed in S-wave; but can proceed in D-wave.

Similarly, B;,—»B*K- and B;,—»B™*K~ decays are expectedto proceed in D-wave.



Introduction (previous results)
P-wave B? states were observed and studied only by CDF, DO, and LHCb in B*K- channel

Result CDF 2008 [2] | D0 2008 [3] | LHCb 2013 [4] | CDF 2014 [5]
N(B}, - B"K") 95 +23 125425 3140 100 1110 £ 60
N(B:, — B**K™) - — 307 + 46 22 ~ 100
N(Bg — B*tK™) 3949 25 + 10 750 + 36 280 + 40
M(B%,), MeV 5839.6 £0.7 | 5839.6 1.3 | 5839.99 == 0.21 | 5839.7 0.2
M(Bg;), MeV 5829.4 + 0.7 — 582840 +0.41 | 5828.3+0.5
M(B:,) — M(BY) = M(K™), MeV | 66.96+041 | 66.7+11 | 67.06+0.12 | 66.73+0.19
M(Bg) — M(B*") — M(K™), MeV | 10.73 +0.25 1154+14 10.46 = 0.06 10.35 £ 0.19
T(B%), MeV — — 1.56 + 0.49 14+04
I'(By), MeV - - P 0.5+ 0.4
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Data and event selection

2012 dataset (19.6 fb~1), trigger optimized to select B — J /... decays, where ] /- p*u”

B* (B?) candidates obtained combining ]/ with 1(2) tracks: B*—]/yK* and B’—]/{K*n~
B meson vertexrequiredto be displaced from the PV in the transverse (xy) plane

B meson momentumrequired to point to the PV in the xy plane (s
I/

L

B*K- channel: "

Prompt K- selected to come from the same pp interaction as the B* B

B°K? channel:

M(K*) in £90 MeV from K*(892) mass, K*
M(K*K-) > 1.035 GeV to cut out B?=] /Y br u\

K/m mass assignment: chose the candidate closer to K*(892) mass ¢’ T

K?is build from displaced 2-prong vertices
BO

KS

more details: see backup p PV p 4

K? momentum required to point to PV in the xy plane




B* invariant mass distribution

CMS 19.6 fb™" (8 TeV)
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Modelled with triple Gaussian function with common mean for signal, exponential for bkg
additional small contribution to account for Cabibbo suppressed B*—]/ymn* decay

The B* invariant mass resolutionis consistent between data and MC
Effective resolution*® is about 24 MeV * 0,0 = \/fl(flz + R0+ (1—fi— fa)o?

A small difference of ~3% is used in the estimation of the systematic uncertainties

Now combine B* with a track from the same PV—; MS.BPH16.003 ariv. c
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B*h~- invariant mass distributions

To describe the signal B*K™ invariant
mass distribution, we obtain the yields
of reflections from excited B? decays
using data (fit to B*m~ invariant mass
distribution) and their shapes using MC

(see slide in backup for details)
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Candidates / 5 MeV

Shape of reflections from B°—BU)*n~ decays in
B*K" invariant mass distribution

CMS simuiation Preliminary
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B*K- invariant mass distribution

Now we fit B*K- invariant mass

CMS 19.6 fo' (8 TeV)
distribution: > N
) - ¢+ Data . y—
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076578

N(B: — BK) N(B — B*K) N(Bg — B*K) | T(B%,), MeV T'(By;), MeV
5424 + 269 455 + 119 1329+83 | 152+034 0.10+0.15

M(B%,) — M(B) — M(K), MeV | M(Bg;) — M(B*) — M(K), MeV
66.926 & 0.093 | 10.495 + 0.089

CMS-BPH-16-003, arXiv:1809.03578 8
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BYKY final state



BY—] /PYK*1t~ invariant mass distribution

CMS 19.6 fb' (8 TeV)
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The resolution parameters and the shape of K& swapped component are fixed from
simulation (seebackup)

Fraction of swapped component with respectto signal = (18.9+£3.0)%
in the B? signal region of +20

CMS-BPH-16-003, arXiv:1809.03578 10
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BYK{ invariant mass distribution

CMS 19.6 b (8 TeV)
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First evidence!

N(B: — BK) N(B — B*K) N(Bgq — B*K) | I'(B,), MeV T'(B;), MeV
128 + 22 12 +11 345+83 | 21+13 0.4+04

M(B},) — M(B) — M(K), MeV | M(Bs;) — M(B*) — M(K), MeV
62.42 +0.48 | 5.65 4 0.23

CMS-BPH-16-003, arXiv:1809.03578 11


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-16-003/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-16-003/
https://arxiv.org/abs/1809.03578

Measuring BF ratios

Ratio of the signal RaFig of tlotal
yields in data efficiencies ~16
from MC

RYE — B(By — BUKS) _ |N(Bg — BYKS) « e(B; —» B'K™)

B(BY, —» B*K-) |N(Bi, » BTK~) ~  e(Bf, — BOK?)

B(BT = J/yK)

B(B® — J/ypK*)B(K* — K+7—)B(K? — )

/

Known branching fractions from PDG
B(Bt — J/yKt) = (1.026 £0.031) x 102, B(K? — 7w+7~) = (0.6920 % 0.0005)
B(BY — J/yK*) = (1.28 £0.05) x 102, B(K* — K*7r~) = (0.99754 + 0.00021)

Formulae and efficiencies ratios for all 6 measured ratios are in backup
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Sources of systematic uncertainty

Systematic uncertainties on the branching fraction ratios are related to:

» Choice of the fit model

separate uncertainties related to the fits of B*m-, B*K-and B°K? invariant mass distributions;
largest deviation of the results under changes of the fit model is used as systematic uncertainty

» Track reconstruction efficiency (3.9% per extra track)

7.8% since 2 more tracks to reconstructin B°K? final state

» Mass resolution
largest change of the resulting ratios under simultaneous variations of resolution by #3%

» Fraction of K& swapped component
largest change of the resulting ratios under variations of this fraction by £3%

» Uncertainty on mg«-mpg
largest change of the resulting ratios under variations of mg.-mg by +# PDG uncertainty

» Non-K" contribution in B’—]/YK*n~ decay

estimated by fitting background-subtracted K*n~ invariant mass distribution

» Finite size of the simulation samples
uncertainties from the previous slide

Next slide shows these uncertainties and the total systematic uncertainties for the 6 measured ratios

13



Results

Uncertainties here are, respectively, statistical, systematic, related to PDG uncertainties

Theory: 0.43

B(B*, — BKY arXiv:1202.1224,
RY* = By 2] 043240077 + 0075 + 0.021, 7 arXiv1607.02612
B(B;, — BTK~)

B(Bs; — B*KY?)
RY* = 5 5. = 0.49+0.12 +0.07 +0.02, 2.50 :
LT BBy~ BK ) T i ize
B(B:, — B*tK™)

B(B;, — BTK")

B* B*OKO
Ry, = 5P OS) — 0.093 + 0.086 =+ 0.014.
B(B:, — BK)

R;, = = 0.081 4 0.021 + 0.015,

\ LHCb 0.093+0.013+0.012

CDF 0.10%£0.03+0.02

o LHCb 0.232+0.014+0.013
Re = oy 5 Box) BB 5 Bk — V3 +0019:£0018

*01 0
RO = Z(PP 2 BaX) BBy = B - K<) — 0266 +0.079 + 0,063
o(pp — B5X) B(BY, — BUKY)
Results are in agreement with existing measurements of LHCb and CDF

CMS 2018: CMS-BPH-16-003, arXiv:1809.03578

LHCb 2013: doi:10.1103/PhysRevlLett.110.151803
CDF 2014: doi:10.1103/PhysRevD.90.012013 14
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Results

#*

— Mpo® — Myp' = 5.61 £ 0.23 4 0.06 MeV.

FB:Z = 1.52 £+ 0.34 = 0.30 MeV

Comparison to previous measurements

M(B;)-M(B*)-M(K")  M(B,;)-M(B™*)-M(K) I'(B,,)
LHCb 67.06+0.12 10.46+0.06 1.56%0.49
CDF 67.73+0.19 10.35+0.19 1.4+0.44
CMS 66.87+£0.12 10.4510.11 1.52+0.43

2" and 3™ column are consistent with existing measurements of LHCb and CDF
Measurement of M(B;,)-M(B*)-M(K") agrees with LHCb, not with CDF

CMS 2018: CMS-BPH-16-003, arXiv:1809.03578

LHCb 2013: doi:10.1103/PhysRevLett.110.151803
CDF2014: do0i:10.1103/PhysRevD.90.012013

(BZ) — MEPC — MpP¢ = 66.87 4 0.09 + 0.07 MeV,
AMp. = M(B,) — Myy™® — MPDG = 62.37 £+ 0.48 £+ 0.07 MeV,

(Bs1) — MEPS — MIE‘?G = 10.45 £ 0.09 + 0.06 MeV,

(Bs1)

15
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Results

We also measure the mass differences between neutral and charged B(*) mesons:

MBO — MB+ = 0.57 =0.49 £ 0.10 = 0.02 MeV
e MB*O — MB*+ = 0.91 =£0.24 = 0.09 = 0.02 MeV

The first mass difference is known with much better precision: (0.31£0.06) MeV [PDG]
while there are no measurements for the second one.

We present a new method to measure these mass differences!
[t may become very precise with more data

CMS-BPH-16-003, arXiv:1809.03578 16
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Summary

First observation (6.30) of the B,,—»B°K?decay
First evidence (3.90) for the B,;—»B™K? decay

. B(B}, — BK{) B(Bgq — B*'KY) B(Bj, — B*"K™) B(B}, — B*'K)
Measure 4 BF ratios " TR P ” TN * 0w 0
B(B!, - BT*K~)’ B(Bs1 — B**K~)” B(B, = B*K~)’ B(B¥, — B'KY)

oc(pp — Bg1...) x B(Bsy — B**K™) o(pp — Bs1...) x B(Bs — B*K?)
7(pp > B,.-) X B(B, 5 B'K ) a(pp - BY,...) x BBy — BKY)

Measure 2 BF x o ratios

Measure 6 mass differences and the B, natural width
*  M(Bg)-M(B*)-M(K)
*  M(By)-M(B™)-M(K)
« M(B;,)-M(B?%)-M(K?) (first measurement)
 M(B,)-M(B)-M(KQ) (first measurement)
*  M(B™)-M(B*)
« M(B*)-M(B?) (first measurement)
* T'(By)

We also report the mass measurements M(B;,) and M(By;) (inbackup)

The results are in agreement with previous measurements, if they exist -



Thank you !



Overview

- CMS 19.6 fb” (8 TeV) CMS 19.6 fb' (8 TeV)
- 70
) C + Data % N ¢+ Data :
= 3500 @—Fft = F () —Fi F'l;'St tion
N - —Signals o OVE — Signal observation!
~ 3000f- ... Comb. bkg. Bo = BTK =~ F Cgrr;?).sbkg.
@ - - - - Reflections D50 - --K&sm swap
w 2500 o
o - By — B*TK™ B 40F
T 2000 | 0 e T e F Ba — BKY
O 15001 ©r
1000 20F
500 BY, — B K~ 0
o Mll_a._-L""r \-_-_L-rﬂ === 0_ 1 1 ’I’ N} L 1 1 1 1 1
D75 578 5.8 562 564 5.86 5.88 59 5.92 5.94 578\ 58 58 584 586 5-88[Ge\?]-9
Mgy [GeV] First evidence! Moo

Final state | N(B, — BK) N(B}, — B*K) N(By — B*K)
BTK"™ 5424 4 269 455 + 119 1329 + 83
BYK? 128 +22 12+11 345+ 8.3

B* is reconstructed in J/YK* channel
B? is reconstructed in J/YyK*m~ channel

“Reflections”:
From B"->BO*n in B*K-channel, yields fixed from the fit to B*m invariant mass;
From K& swap in BYKQ channel, yields fixed relative to the signal yields

We also measure masses, mass differences and I'(B;) in these decays CMS-BPH-16-003 arXiv:1809.03578 19


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-16-003/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-16-003/
https://arxiv.org/abs/1809.03578

B(B:, — BYKY)

0t __ _
R =3 B, S B ) 0.432 + 0.077 (stat) #+ 0.075 (syst) + 0.021 (PDG)
B(Bs; — B*KY?)
0+ _ ° S, =0.492 £ 0. + 0. + 0.
Ri =2 (B 5 BK) 0.492 + 0.122 (stat) % 0.068 (syst) £ 0.024 (PDG)
B(B:, — B*TK")
Ry = — 2 = 0.081 +0.021 +0.01
2~ BB, > BK ) 0.081 + 0.021 (stat) 4 0.015 (syst),
B(BZ — BK?
RY, = (Bs, s) _ 0.093 & 0.086 (stat) + 0.014 (syst),

B(B;, — BKY)

+ _ U(pp — le-°-) X B(le — B*+K_)

' f Ry =— (bp 5B, ) X BB, 5 BK) — 0.233 4 0.019 (stat) + 0.018 (syst)
ummary o «0c0
y OA s Ba...)xB (Bi—} =B . I%‘) — 0.266 + 0.079 (stat) = 0.063 (syst)
all reported U’(pp — BsZ .. ) X B(BSZ — B Ks)
measurements AMg. = M(BL) — M(B¥) — M(K™) = 66.870 = 0.093 (stat) = 0.073 (syst) MeV.

)

AMg, = M(Bj) — M(B’) — M(KY)
AMg = M(Bg) — M(B**) — M(K"™)
AMg, = M(Bs1) — M(B*?) — M(KJ)

0.452 + 0.089 (stat) 4 0.063 (syst) MeV,

6
62.37 4 0.48 (stat) £ 0.07 (syst) MeV,
1
5.61 & 0.23 (stat) £ 0.06 (syst) MeV,

M(B,) = 5839.86 + 0.09 + 0.07 + 0.15 MeV
M(Bg;) = 5828.78 + 0.09 + 0.06 + 0.28 MeV

mpo — mp+ = 0.57 £0.49 (stat) - 0.10 (syst) = 0.02 (PDG) MeV
Mg« — mpe+ = 0.91 + 0.24 (stat) £+ 0.09 (syst) + 0.02 (PDG) MeV

T'(B%) = 1.52 4 0.34 (stat) =+ 0.30 (syst) MeV y
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B*m~ invariant mass distribution

CMS 19.6 fb' (8 TeV)
L . > g
To obtain yields of these reflections, 2 7000- (0) t E_fta
. . . . . . = —Frl
we fit B*t~ invariant mass distribution: © 6000  — Signals
o ] -- Comb. bkg. .
. % 5000  --.Reflections
3 D-wave RBW functions convolved 1 R
. . © —
with resolutions (from MC) = -
O 3000F
+ (x-X)? ¢ Pol ,(x) for background, 2000 B; — B** LT
X, is threshold value, Pol, (x) is polynomial of degree m 1000 B, — B*m
0 Obli i siduuuadacaadanazaol” | |
+ (small) contributions from B, 545 55 555 56 565 57 575 58 585
: mg._[GeV]
S 3OOOCMS Simulation Preliminary - CMS _simuiation Preliminary (CN\[S-PAS- PH-16-003
2 7 @ ;Esta p % 1400;— ® i :I:J:ta §+§’
In the baseline fit, masses and natural Ry o
widths of excited B? states are fixed to PDG S o S
500; 200F- B:Z — B*TK~
O5:.45 5.‘5 5.‘55 5.‘6 ’ 5.‘85 5.‘7 0;.48 55 5.‘52 5.‘54 5.‘56 5.‘58 5.‘6 5.;52
mg. [GeV] mg.. [GeV]
The fit returns yields of about T — Shapes from
e I s . .
8500, 10500 and 12000 events for the R S simulation
B;—B*m, B;—»B™*1-, and B;—>B*mdecays, S {35; L Bk
respectively w)

gy [GeV]

CMS-BPH-16-003, arXiv:1809.03578 22
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Common selection for B* and B°

Muons matched to trigger; pr(u*) > 3.5 GeV/c, In(u*)] < 2.2

Data and event selection
2012 dataset (19.6 fb1), trigger optimized to select B — |/ ... decays

Standard CMS “high purity” tracks, p;> 1 GeV

PVtX(B)

>1%

PV is chosen as the one with best pointing angle
Lyy/014 (B) >5.0

COSO(Xy

>0.99 (B momentum points to PV in xy plane)

B mass in ~*20from PDG

B*K- channel: K is chosen from PV track collection

K+

B+

B°K? channel:
M(K*m) in £90 MeV from K*(892) mass,
M(K*K") > 1.035 GeV to cut out B=] /P

K/m mass assignment: chose the candidate closer to K*(892) mass

K?is build from displaced 2-prong vertices

cosi

Xy

>0.999 (K¢ momentum points to PV in xy plane)

PV

K+

BO

K3

p

PV
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B*K" signal extraction logic

Fit to B'Y >B*m~MC samples
to obtain signal resolutions

Fit to BS,—B*K-MC samples
to obtain reflection shapes
(if reconstructed as B*m")

T~
P

Fit to B'*->B*n~MC samples
to obtain reflection shapes
(if reconstructed as B*K")

Fit to BS,—B*K-MC samples
to obtain signal resolutions

Fit to B*m~invariant mass distribution in
data, with signal resolutions from MC and
fixed shapes of reflections from BY,»B*K"

\

Yields of B'* -B*mt contributions

\ Fit to B*K- distribution in data, with

* reflections from B* shapes and
yields fixed

/  Signal resolutions fixed to MC

\

Signal yields, mass differences, I’
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The shapes of reflections from BY, , decays in B*n~ invariant mass

CMS Simulation Preliminary CMS Simulation Preliminary
~ 3000F : > +
[ - Data ¥ Q 1400 Data '
= 2s00E — Fit 2 - ®) — Fit b }
N - & 1200F
[0} C 0 C o
L 2000 $ L 1000}
Y C 4 © C ¥
g u R C
2 15001 T 800
[\ L M L
®) o O 600
1000 r
C 400
5001~ 200l
:|\|\‘||||‘|\||||\|\||||\| 0:|||\|||||||\||||\|||\\||||\||
YT 55 5.55 5.6 5.65 5.7 548 55 552 554 556 558 56 562
Mg [GeV] Mg [GeV]
CMS simulation Preliminary
> E
% 9005_(0) + Data ¢
- 800t — Fit { §
= 700F
@ E
© 600
© F t
T 500F 1
. o] E ﬁ
Product of a Gaussian O 400F gk
. . 300
function and 1-sided -
Gaussian function 100E-
0: | | | | TR SR R
5.5 5.52 5.54 5.56 5.58 5.6
. 2 Mo+ [GeV]
Fix; ..) =Grlx;my, o) HTI’( (x 2[:2'} ) % (H f)Grlx;mp, om) 4 _fGR-[.'r:"i'n,t*u:]) B

. | fx=mydr S E
. rr P =
where Gy (x;m,o) = { *YF (=3 (%)) ]_f x = m
1 ifx=m
1 if x < m

and Galxim,v) = { exp(—1 'Il‘l—’]h} if x = m CMS-PAS-BPH-16-003
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The shapes of reflections from B%" decays in B*K~ invariant mass

CMS Simulation Preliminary CMS Ssimulation Preliminary
> 1400F > 46001
% g (@) ¢+ Data % C ¢ (b) ¢+ Data
o 1200 — Fit . 14002— — Fit
$ 1000[- g 12001
© C T 1000F
% F % 8001
S 600f S :
O F © 600 .
400 s00f-
200:— 2001 .
s b b b b by L g e = PR T T N T T T TN Y ST A A A M A | IR
8 585 59 595 6 605 61 6.15 6.2 625 058 585 59 595 6 605 61 615
Mg [GeV] Mgy [GEV]
CMS Simulation Preliminary
> C
< 1400F
2 1200F
w L
2 10001
° -
S 800F
@ -
Product of a double-Gaussian O 600
function and double 1-sided 400[-
Gaussian function 200
|||||||||||||||| Low v b v by oy oy g Y
0 58 585 59 595 6 605 61 615
Mg [GEV]
(x —my)? (x—m2)2>
F(x; 001,000, Mo, 01, m1,09,m2, f,¢) = G(x;...) *x | exp(————"—) + f xexp(————
(x; 001,002, Mo, 071, M1, 09, M2, f, ) ( )(P( 207 ) + f xexp( 202
(r mo (r mo)2 ,
where G(x; 0'01,0'02,¢, mo) = (1 4)) exp( ) * 4)exP( 02 ) iy = 180
1 if x > my -PAS-BPH-16- 26
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B? invariant mass distribution (MC)

B? is reconstructed in the decay to J/YK*n-, where kaon and pion can be misidentified
(swapped) in the reconstruction. The selection requirements are

M(K*m) in #90 MeV from K*(892) mass,

M(K*K") > 1.035 GeV to cut out B%~]/Y, as in P5’ analysis

K/m mass assignment: as in P5’, chose the candidate closer to K*(892) mass

We use MC to obtain the signal resolution and shape of K& swapped component:

N\

CMS Simulation Preliminary

CMS Simulation Preliminary

¢+ Data
— Fit

O

' 10000 _ _
Triple Gaussian

8000
6000

Candidates /

4000
2000

"5.35

PN 1

R

eodcodecdend
5.4

“5.45

My [GeV]

Candidates / 5 MeV

1200

1000

800

600

400

200

(&)}

$ ¢+ Data
— Fit

(b)

Gaussian +
Bifurcated Gaussian

505 51 515 52 595 53 535 54 545 5.5
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BY invariant mass distribution

CMS 19.6 fb' (8 TeV)
= - (b) — Fit
(Lf;_ 25000 |l B® signal <« Triple Gaussian with common mean
-; 20000 N Y A Comb. bkg. <«—— Exponential
Q B --- K&mswap «<—— Double Gaussian (2™ is asymmetric)
o - — - BoJIyK*OX
2 15000
- -
© -
© 10000
5000
F %% steseacsessnse e e P K
s g | N ‘{;:l.'::r-—:'t-‘:l-‘-;--ﬂ’-—h Lo

- -7
%*‘r PR P e Wt il S L

. I L e
A 5.15 5.2 525 53 5.35 54 5.45
mJ/wK*o [GeV]

The resolution parameters and the shape of K& swapped component are fixed from
simulation (see backup)

The B? signal region [5245, 5313] MeV includes ~220000 signal candidates and ~41000
Ko swap candidates = “fraction of swapped component w.r.t. signal” = (18.9+£0.3)%

Vary the signal resolution by + and - 3% (see B* fit) = variation of this fraction is
(18.9+3.0)% (uncertainty will be considered as systematics source)
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Systematic uncertainties in the branching
fraction ratios

B(By, — BYKY)
B(B%, — BTK")

0+ _
Ry™ =

B(BS1 — B*OKS)
B(Bs; — B*tK~)

0+ _
Ry™ =

_ B(Bf »B**K") _,  B(B} — B*K)

Systematic

uncertainty in %
Source Rgi Rg’i
Track reconstruction efficiency 7.8 7.8
Mg+ - distribution model 2.5 2.0
mp+k- distribution model 24 4.6
MRk distribution model 14 8.1
Mass resolution 0.7 2.2
Fraction of KPS 2.6 2.6
Non-K*' contribution 5.0 5.0
Finite size of simulated samples | 1.2 1.2
Total 18 14

Systematic uncertainty in %

RE = RO —
2 B(B, »B'K") ¥ B(B:, — BK?)

o U(pp — Bg1 ) X B(le — B*+K_)
~ o(pp > B,...) x B(B,, - BK)

R0 _ (PP = By ... ) x B(By — BK})
“  o(pp — B ...) x B(B;, — BKY)

Source R3, R, R RY
mp-+ . distribution model 29 — 2.7 —
mg+g- distribution model 17 — 7.1 —
MpoK0 distribution model — 13 — 24
Mass resolution 1.2 3.0 1.5 1.1
Uncertainties in MEPG — MEDG 7.7 4.8 — —
Finite size of simulated samples | 1.1 1.3 1.1 1.3
Total 19 15 7.8 24

CMS-BPH-16-003, arXiv:1809.03578 29


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-16-003/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-16-003/
https://arxiv.org/abs/1809.03578

Systematic uncertainties

Four mass differences obtained from the fits

AMg. = M(By) — Mp2® — M>°, AMg = M(Bg) — Mp2® — M>¢
AMg,, = M(B%) — Myd™ — Myi, AMg, = M(Bs1) — Ma® — M

allow to measure the mass differences between neutral and charged B(") mesons:
Mpo — Mp- = AM5. — AMg, + M™% — Mo

Mgo — Mg+ = AMy_ — AMp  + M — MPDG
Additional systematic uncertainties are related to

> Shift from reconstruction: values obtained from the reconstructed MC differ a bit from those in the generation
configuration. Our measurements are corrected by these shifts, and value of each shift is used as systematic uncertainty.

> Detector misalignment: 18 additional MC samples for each measurement are produced with differently distorted
detector geometry, and maximum deviation from the case of no misalignment is taken as systematic uncertainty.

Source AMg.  AMg, ~ AMp.  AMp Mg — Mg:  Mgo— Mg T,
mg+ - distribution model 0.024 0.008 — — 0.024 0.008 0.11
mp+y— distribution model 0.011  0.043 — — 0.011 0.043 0.11
mpoy distribution model — — 0.039  0.038 0.039 0.038 —
Uncertainties in MEP¢ — MEPS | 0.012  0.003  0.003  0.0001 0.012 0.003 0.03
Shift from reconstruction 0.056 0.044  0.050 0.042 0.075 0.061 —
Detector misalignment 0.036  0.005 0.031  0.006 0.038 0.008 0.15
Mass resolution 0.007  0.005 0.005  0.005 0.009 0.007 0.20
Total 0073  0.063 0.071  0.057 0.098 0.085 0.30
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BYKY{ signal significance
Estimated using likelihood ratio of fits with and without signal component

P = TMath.Prob(LogLs - Log L,, 1)
Signif= V2 - Tmath.ErfcInverse(P)

where
L, corresponds to fit with signal
L. corresponds to fit without signal

For these fits, systematic uncertainties of resolution and fraction of swapped component
are included as Gaussian constraints in likelihood; Mass and I' uncertainties from PDG
are as well Gaussian-constrained

Obtained significance is:
6.30 for the B;,—»B°K{ decay
3.9¢ for the B;—>B"K2decay

They vary in [6.3, 7.0]o and [3.6, 3.9]c with variations of fit range and bkg model
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Measured BF ratios

CMS-BPH-16-003, arXiv:1809.03578

B(Bj - BKY) _ N(Bj = BK)) (B = BK)

Rgi = = X X
B(B; - B*K~) N(Bj = B*K~) = ¢(B!, — BKY?)
B(B*T — J/yK™)
X
B(B? — J/yK*0)B(K*0 — K+~ )B(KS — tt7)
RO _ B(Bs; — B*'KY?) _ N(Bs; — B*0KY) y €(Bg — B*TK™) y
L' B(Bg — B**K~)  N(Bg — B**K~) = ¢(Bg — B*0K?)
B(B* — J/pK*)
X ’
B(BY — J/yK*)B(K*0 — K+~ )B(KQ — )
RE _ B(B:, — B*TK") _ N(B:, — B*TK") y e(B:, — BTK™)
2 B(Bf — B*K") N(B; — BTK~) ~ (B}, — B**K~)’
R — B(B; — BK?)  N(Bf — B*KY) (B, — BK?)

= X ,
B(B:, — BOK?) N(B;, — BOKY) e(B, — B*0K?)

Rt _ o(pp = Ba...) x B(By — B**K~)  N(Bg — B*tK") y e(B:, — B*K")
7 o(pp =+ B...) x B(B, -+ B*K~)  N(B; = BtK~) " €(Bgq — B**K~)’

o _ o(pp = Ba...) x B(Bq — BK{) _ N(Ba — BK{) 9 e(B:, — BYK?)
o(pp — B, ...) x B(B, = BK?)  N(B}, — BK?)  ¢(Bsg; — B*0KY)’

R(T
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Relative efficiencies

e(B%, — BTK™) e(Bs1 — B*TK")

— 1577+ 0.18, — 1633+ 0.20,
e(Bz, — BKY) e(Bs1 — B*0KY)

B > BT g61 0010, P2 B o004 001

e(By, = B*"K™) " €(By — BYKY) ’

e(By > B'KT) 95310010, P2 BK) 9601 001

€(Bs1 — B*tK™) e(Bs; — B*0KY)

Their uncertainties are used as systematic uncertainties
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