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Experimental measurements

> B(B® » J/YK*K™) = (2.53+0.31 + 0.19) x 1078 [3]
> Upper limits of BY - J/y¢ at 90% CL

Experiment  B(BY — J/h)o)
BaBar < 9.2 x 107°0

Belle <94 x 107

LHCDH <1.9x%x 10 "Bl
/

Measured using 1 fb~! data collected at LHCb in 2011

[1] [PRLO1 (2003) 071801]
[2] [PRD78 (2008) 011106]
[3] [PRD88 (2013) 072005]
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http://dx.doi.org/10.1103/PhysRevLett.91.071801
http://dx.doi.org/10.1103/PhysRevD.78.011106
http://dx.doi.org/10.1103/PhysRevD.88.072005

> BY - J /Y (¢p » KTK ™) is arare decay

v' OZI and CKM suppressed, possible contributions [pLB677 (2009) 278]

(@) @ — ¢ mixing (1077) by OZI mechanism (107°)

EO{H_‘*,\? B {
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(c) photoproduction (10711) (d) final-state rescattering (10~°)
DL i ¢
B0 v p-
B Ptk
Dy I/

Under the assumption of w — ¢ mixng dominance, branch ratio is predicted as
(1.0 + 0.3) x 10~ 7 [PLB666(2008)185188, PRDS8 (2013) 072005]
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https://doi.org/10.1016/j.physletb.2009.05.037
https://pdf.sciencedirectassets.com/271623/1-s2.0-S0370269308X00309/1-s2.0-S0370269308008423/main.pdf?x-amz-security-token=AgoJb3JpZ2luX2VjEFgaCXVzLWVhc3QtMSJHMEUCIQDKGoSVrcYG//2qdTvoluFBu8tZlqjXY4c4SGlWmJ4LNwIgDvEVn5OkJr%2BdRHcq0g1PL62umUclm1o0oAppBGy3Etoq2gMIcBACGgwwNTkwMDM1NDY4NjUiDJdqaQYqMa98SCSK0iq3A4nbvRuL9p/Cjwn%2BleMsc604GMLMUYBw5YIIpLmQBRrnug7mXgePl1mVFvq3Vmd1RNmM/w6CRc8nV2Ibt3VpUSVWLxIabBYZWGQGerG0Bp1q1TDaWZ4TShL0RyYZTg0%2BAjfqaS9KUwVrZ9La/9He/P9BpsgVilKpYOZjrhZP5NsT42MOCipg/O46nARfCwi2p4XVf96bJk04PLVfzSFuoSNR/iqUpu6JndJ4SAR7nN73qU%2BTSGYPBbGA0T0EQMGIm6ngpBzVOwBjbEAnT4K8N8ET3gfrzCD%2BmOnLLt7cF0ObXkWaRMqx1mEwLS3tzh5Pv2dSORLVDdbScINwqURMyVK0akxMh3JtTtz1%2BoO/lwi6zrWZHmkW%2BMkQ8CdTVPHL7sqFcf8BPkI%2BjAs8e5CBfjof2UjaWe%2BXpOR1YUwwj6iWBaaejoCfAOQrS0XLkENu9QH0XxiwCTSEOQpWUmnhYVdQT9bylHCeOPfLOEKqe5fnFquOAuTVbxAzqFGpkvIEdnOLV91p0unK45G%2BP/30aQDFyZU7m8l3XRiBMTjgPmX9nSpIWSDbnSlwpa3//eG4U/4pz8koqfEwhoi%2B5wU6tAG5lXoCARN51p/llm0ExeZ8BnuLcex47yqCOUhvwFjnujI7Yf/WJuKcMKwJGslW8Y5SVhDxp9cKPkf8xYZiBr8YfD6Nv4yI8w2DaEqfxbo4VYNmxB8%2BZ3vvsQMO9fHSWt0crWrBpdWMYDkSKJI4PUdcnOvveZkIJWUotT%2BjvwqzsLQCIXs1dAfe8d2UmMAMhb4MVWvEQTQGE%2BMYnBS0gHY68UBBiGGWc9MpptOhBYRSB7jAPhU%3D&AWSAccessKeyId=ASIAQ3PHCVTYZOFJO2PL&Expires=1559206599&Signature=9fF4Yw3S%2BRgK0R8p7EEUuIcojHc%3D&hash=29611e29748e363bef5b4a02468778a1c9de0300ba3a5683c393352b1b0263eb&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0370269308008423&tid=spdf-015ab8d2-5f88-40a8-b22d-139dbf874382&sid=81b5e7b32aa6f94184693df-56e7d015ad27gxrqa&type=client
http://dx.doi.org/10.1103/PhysRevD.88.072005

LHCDb detector

» Designed for beauty and charm physics, 2.0 < n < 5.0

Momentum & Vertices Energy
Vertex locator Tracking stations Calorimeters

RICH detectors Muon stations
Particle |ID
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Analysis strategy

> Use the full Run 1 and Run 2 data to search B® - J /¢
v B - J /Y@ is used as normalisation channel

4 NE = N® x B(B° = J/y¢) o L . g0 )
B Bs B(Bs = J/¥d)  fs/fa  €go
« B(BY > J /) = (10.50 + 0.13 + 0.64 + 0.82) x 10~3 [PRD87.072004]

* fs/fqa = 0.259 £ 0.015 [JHEP04(2013)001]
\ * &po/epo, efficiency ratio j

» Use multivariate analysis techniques to select signal and suppress background

> Use sequential fits to m(J/YK*K~) and m(K*K ™) to distinguish signal and
background
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Data samples

2.3

Use full Run 1+Run 2 data, 9 fb~1

Integrated
| recorded
1.4 luminosity

1.8

0.9

0.5
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<U182012

Run 1 (2011~2012)
1.0 fb~1 of pp collisions at 7 TeV
2.0 fb~1 of pp collisions at 8 TeV

Run 2 ( 2015~2018)
5.7 fb~1 of pp collisions at 13 TeV

Search for B® - ] /1 ¢ decay 07/11/2020



Trigger and preselection

LHCb Trigger Run 2

-

[ Bunch crossing rate )
l’ MEHz v" Trigger system :
LO (hardware) + HLT1, 2 (software)

LO Hardware trigger
high pr/ETr signatures ) v ]/lp - [,l+[,l_
l N . LO!\/Iuon : at least one muon has p larger than
a given threshold
[ High Level Trigger 1 ] * LODimuon : sum of the two largest p of muons
partial event reconstruction Is larger than a given threshold

v" Requirements on particle identification, pr,

10 PB Alignment &

buffer Calibration mass

Software trigger

full event reconstruction

[ High Level Trigger 2 ]

kHz
Storage
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Training samples and variables

» MC sample as signal, data sideband as background
» Training variables

v minimum particle identification probabilities of u* and K*

v minimum track-fit y? of u* and K=

v profpandBy.........
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TMVA overtraining check and optimisation

» Trained with BDT (Boosted Decision Tree) method
» The output response has better ability to suppress background

TMVA overtraining check for classifier: BDT

7 E-Sigl.]nall (tést 'san"lplé) - -ISiénai (trlaini'nglsarlnpltla) L

[f77] Background (test sample) | | » Background (training sample) ]|

|_ Kolmogorov-Smirnov test: signal (background) probability = 0.861 (0.362)

6

st Signal
4:

3

(1/N) dN / dx

=~ Background

1{0.0,

0.0)%

'O-flow (S,B): (0.0,

g N

-0. 4 -0.2 0 0.2 0.4
BDT response

» Optimise the significance for BY - J/yK*K~ signal

F.0.M = ¢/+/N

e = signal efficiency for a specific MVA requirement

N = total events in B® mass window
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Fit results of m(J /Y KK ™)

> BE’S) — J/WK*tK~ & Combinatorial background & A) — J/ypK~
> Estimate yields in +15 MeV of B? and B peak

Runl, o =7.67 % 0.03 MeV

120
100
30
60

40

Candidates / (2.0 MeV/¢?)

LHCb preliminary
| == Data and fit
— B' W wK'K
— B" I wK'K
--- Aga.f/ wpK~

— = - Combinatorial

20 T

Run 1

Candidates / (2.0 MeV/c?)

Run?2,0 =7.64 4+ 0.01 MeV

400 LHCb preliminary

350
300
250
200
150
100

=s= Data and fit
— Bl I wKK
— B' I yK'K
--- AEHJ/ wpK~

— - - Combinatorial

50 58
s€==zzz-czzzzzzzozs iy e el R
5300 5400 5300 5400
m(J/ wK'K~) [MeV/c?] m(J/ wK'K~) [MeV/c?]

Data Category Full BY region BY region
BY — JWK+YK~ 55498 + 238 51859 + 220 35 +6

Run 1 B = JWK+YK~ 127 +19 0 119 +18
A — JjbpK — 407 =26 55 £8 61 £8

Combinatorial background 758 £ 55 85 11 94 411

BSD — JWK K~ 249670 +£504 | 233663 +472 153 +12

Ruw 2 B — JWK+K~ 637 +39 0 596 4+ 38

AY — JjbpK — 1943 £47 261 =16 200 £ 17

Combinatorial background 2677 +109 303 +20 331 +21
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m(K*K ™) fit model for each component

Signal
B; /d - J /Y Breit-winger [4]
Background
B / a2 J/WKTK™ Flatte for £;,(980) /a,(980) [5]
PHSP for nonresonance
B tail shape under B° peak modified Breit-winger
A > J/YpK~ extracted shape from MC
Combinatorial background extracted shape from data

[4] [PRL115 (2015) 072001]
[5] [PLB63 (1976) 228 ]
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https://doi.org/10.1103/PhysRevLett.115.072001
https://doi.org/10.1016/0370-2693(76)90655-9

m(K* K ™) shape of backgrounds

> Use MC events for A) — J/ypK~ and B tail shape under B° peak
> Use the events in B? signal region, applied with inverse BDT, for comb. BKg.
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Fit results
> B(B° - J/y¢) = (6.8 + 3.0) x 1078, significance ~ 2.30

~— F 3 — = T 3
L 3500F LHCb 4 % 16000 L Hew E
% 3000 ;glumlna{y —— Data and fit = % 14000 ;_ Eehmln;y —e— Data and fit _;
Z b T —ssope 1 2 12000f — By
T = Bg —-B{>JYK'K 3 ' 10000 - Bg —-B'ryk’k 7
= E 1 < c ]
= 2000f . —B' — = - . — N ]
Z - region J7Y 3 < so00f region orve g
g 1500 F —=-B'=JWK'K 3 g = —=-B =J/WK'K .
E 1000 E_ .......... Ag%‘]/ WPK_ _E -g; 6000 E_ .......... Ag—).f/ WPK_ _E
"lé Y T S Combinatorial ] g 4000 Y B Combinatorial =
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= 15F = =
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Systematic uncertainties

Multiplicative uncertainties Value (%)

B(BY — J/o) 6.2

Scaling factor for fs/fa 3.4 » Relative uncertainties
£po/epo 1.8

Total 7.3

Additive uncertainties Value (1078)

m(.J/ KT K™) model of combinatorial background 0.03

Fixed yields of A in m(K+K™) fit 0.05 | (1) m(j/ypK*K~) model
Fixed yields of combinatorial background in m(K+K™) fit 0.61 | (2) Yields of background
Fixed vields of BY contribution in m (K TK™) fit 0.24
| Constantd 001 |

m(K+K™) shape of BY contribution 0.29 »> m(K tK _) shapes
m(KTK™) shape of AY 0.28

m( R, +Ix,_) shape of. combllnatorlal background 0.16 Compare d to statistical
m(K+TK™) shape of non-¢ 0.06 uncertainty 3.0 x 10—8
Total 0.80 y o. !

they are small
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Upper limit including systematics

> PLS (Profile Likelihood Scan) on B(B° — J /1) epicrz o11) 15541
» Incorporate systematics by smearing PLS curve

A(B) = / N(B)YxG(B —B.0,0..(8))dB’

WenhuaHu ( CCNU )

<

1 i_ LHCIb prelimilnary | _:
0.8 W Confidence interval
0.6+ N
0.4 f f
0.2 :— _:

0 ; | :

0 lOI ‘I 20
B(B'=J/ wo) [107]

B(B® - J/Y¢p) < 1.1 x 1077, N, < 86 at 90% CL

Search for B® - ] /1 ¢ decay

07/11/2020



> Asearch for BY - J /¢ has been performed using the LHCb full Run 1
and Run 2 data sample (LHCb-PAPER-2020-033)

M B(B° - J/yY¢) = (6.8 + 3.0(stat.) + 0.9(syst.)) x 1078

M B(B° - J/y¢) < 1.1 x 10~7, which is improved compared with the previous limit
using 1 fo! data, 1.9 x 10~

VI The measurement is compatible with the theoretical prediction (1.0 + 0.3) x 1077
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Backup
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m(K*K ™) fit model of resonance

» Lineshape of resonance [JHEP08(2017)037]

P P
Ap(m) = \/PpPrFp™ Fyy ™ Ap(m)(—=)"» (—=)**
mpg mer
/ * Pg, the momentum of J /i in the B2(B°) rest frame \

Py, is the momentum of either kaon in the K* K~ rest frame

Lg g, is the orbital angular momentum between / /1 and dikaon system or K™ and K~

Fg g, is Blatt-Weisskopf barrier factor [PRD5 (1972) 624]

Apg, i1s a Breit-winger function for ¢(1020) or a Flatte function for £,(980) /a,(980)

mg g, the nominal/pole mass of BY(B°)/resonance /

-
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https://link.springer.com/article/10.1007/JHEP08(2017)037

Lineshape of ¢ resonance

P
S¢(m) = PePrE#(Pr. Do, d)(ﬂ—i)M’R|A¢(m’; moflﬂgﬂ? @ G(m —m';0,0)

L+ (Rod)?
Fr(Pgr, Py.d) = \/1 (Pad ?

-

Ay is Breit-winger with gaussian constraint on \
my = 1019.461 + 0.016 MeV and I, = 4.249 + 0.013 MeV [PDG]

Pg, the momentum of J /1 in the B2(B°) rest frame

Pr(Py), is the momentum of kaon in the K*K~(¢) rest frame

Ly is the orbital angular momentum between K* and K—, L =1

Fy is Blatt-Weisskopf barrier factor [PRD5 (1972) 624],d = 1.5 GeV!
G is a Gaussian resolution function with floated o /

g
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Lineshape of non-¢p KK~

P - 2
__ 2/ 4 B\2L 5
Snon(m) — PBPRFB (m—) B‘AR(m) X e’ -+ ANR‘
B
/ * Lg, the orbital angular momentum between J /4y and dikaon system, Lz = 1 \

 mg, the nominal mass of B2(B°)

 Fg, Blatt-Weisskopf barrier factor, Fg = 3.0
» Apg, a Flatte model for f,(980)/a,(980)
 Apyg, a constant for nonresonance

* §, the relative phase, constrained to —255 + 35 or 60 + 26 degrees for f,(980) or a,(980),
\ according to the Bg/d — J/WYK* K~ amplitude analysis [PRD88.072005, PRD87.072004] /
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Flatte model

1
A —
fo (?/n') ﬂIQR _ fn12 — iﬂ]R(Qwﬂpﬂw —I_ QKK:OKK)
1
Aao (rnl) — 2

mp —m? — f(ﬁ%wpnw + UKKPKK)

/ * mg, the pole mass for the resonance

* p, the Lorentz-invariant phase space factor

\ [PRD86.052006, PRD87.072004]

* Grnrn(gyr) and gy, the coupling strengths of f;,(980) (a((980)) to rr(nm®) and KK,

fixed to their mean values according to the Run 1 BY — J/yrtm~(K*K~) analyses

/
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Profile Likelihood Scan

Maximum likelihood value with
fixed branch,im;] ratio

L(B,V)

No(B) =

Py
L(B,7D)
Y
Maximum likelihood value of
baseline fit

07/11/2020
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Relative uncertainties

Npno 0
B(BY = Jjd) = o= z; < BB = JOK*) x < }fd

= (10.50 + 0.13[stat.] + 0.64[syst.] + 0.82[f./f4]) x 10~*

v B(B? - J/y¢) is measured with 2011 data [PRD.87.072004]

v B(B® - J /) is proportional to B(B? — ] /Y d) X f./f4, third uncertainty
Is canceled with that of the f;/f; measurement at 7 TeV

v" scaling factor of 1.068 + 0.046 is needed for 13 TeV
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