Study of B} physics at LHCb
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» Conclusion and outlook



LHCb detector

RICH1 & RICH?2
e(K -» K) ~95%
T — K mis-id: ~ 5%
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B} physics

»Unique state that contains two heavy quarks of different flavors

> Rich decay modes
O b quark decay ~20%
O c quark decay ~70%
O annihilation decay ~10%
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» Precise measurements of mass, lifetime, branching fractions can
provide information to test theoretical models
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LHCb data samples

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2023
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2023 (6.6 TeV)- 0.37 0
2022 (6.8 TeV): 0.82 /b
2018 (6.5 TeV): 2.18 /b
2017 (6.542.51 TeV): 1.71 /b + 0.10 /b
2016 (6.5 TeV): 1.67 /b
2015 (6.5 TeV): 0.33 /b
2012 (4.0 TeV): 2.08 /b
2011 (3.5 TeV): 1.11 /b
2010 (3.5 TeV): 0.04 /b

2010 20112012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Year

> Luminosity levelling L ~ 3 x 1032 cm
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> Run-l: 3 fb-1, Run-Ill: 6 fb-1, Run-Ill;: 14 fb-1

> All b hadrons: B, B*, BY, B> ...

BO

B+

Fraction(%) 40 40
Component  hd bu

BS
10

bs

b baryons (4, ...)
10 0.1
bgq bc

PRD 85.032008



B} studies at LF

Cb

MBS - ]/ym™)

MBS - J/ymn n ")

Mass M(B} = J/yD}) M (B} = J/YD®K ™)
M(BF - ] /[yppr™) M(Bf - Bm™)
| a(BF) B(B -] /ym™) o(B) 0
Production c(BT)BB* > /K" (B9 B(Bf -» BYn™)
Lifetime (B = J/Yutv,X) (B - J/Yyr™)
Bf » J/yntnw* Bf - yQRSn*n n*t
B(B; - J/YK™) Bf - (Y (2S) - J/Ypntn )n?
B(BS - ¥(28)n™) Bf - (Y (2S) - J/Yntn )ntn
Bf - J/YK*K n* B - Y (2S)K*K n*(evidence)
Decays

Bf - J/Y3nt2n~

Bf > J/YK*K ntnnt

B(Be = ] /Yy ™)IB(B: - ]/ vy)

Bf - J/Y4n*3n~ (evidence)

Bf - ppn™* (upper limit)

+ 0.+
B - B

Bf > K*K—nt

+ +
B: = x¢jm

+
B: - D°n*

B (28) » Bintn™




b quark decays

B — [cC]X



B! — J/yYrtr® with Run-l and Run-II data

» B} - J/Yyn*n® has not yet been observed

> B} - J/ymTas a normalization mode

B(BS - ]/Yym*n®) <

R =BG e

1
0
_|_

> In the SM, theoretical prediction R :(2.5~5.7)

> Bt - J/YK*T (- K*n?) as a control mode

O detector resolution

O mass bias
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» Dominance p* and small p*(1450)
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= 50 LHCb ]
> Only two B — 3h decay mode were = | ";‘gglm ]
observed R T

» B - J/ym*as a normalization mode S 1
9100_
= BB > u3h) 2
= B(BY> J/ynt) ok s
o . . 5%00 60.00 62.00 64.00 . _6(5{]0 6800
» Theoretical prediction R(J/Yyrn*tn~n*): (1.5~2.3) MO T MoV

Phys. Rev. Lett. 108 (2012) 251802
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> R(J/Yyn*n~n*) =2.41+0.30 + 0.33

=
(=]
T 1

» Prefers the latter predictions

» Theoretical prediction R(J/YK* K n™):
(0.49 and 0.47)
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o
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Candidates/(10 MeV/c?)

o oy by by s
6915 6.2 6.25 6.3 6.35 6.4

> R(J/YKTK n*) =0.53 +0.10 + 0.05 mypkrk-nr [GeV/e?]
JHEP 11 (2013) 094
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B! —>]/1/)(1/)(ZS))h+h h* W|th Run I and Run-Ill data
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Bf = JWpmataat
= JWWKTK-ntt
+— JOKTK-K*
+— JWWKTamt

Bf = (2S)mtn—

B — (28)K+K-m+
B+ — ({(2S) — JAp )t

2750+ 69
686 + 48
43410
148 4 22
49411
19+6
5449

5.2
7.8
5.8
3.7
11.8

JHEPO1(2022)065
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https://doi.org/10.1007/JHEP01(2022)065

Bl - J/Y(@p(28S))h"h~h* with Run-I and Run-Il data

Ry o e % 0.37 £ 0.15 % 0.01 0.16 BLL [27,28]
Ry s 0354 0.06 % 0.01 0.37 BLL
Rypmem . (64£1.0£0.2)x 102 7.7 x 1072 BLL
Ry KT 0185+0.013+0006  0.21 BLL
W(28)m+
Ry e 019 0.03 % 0.01 0.18 4 0.04 LHCb [6,11
Ry . (35£0.6+02)x107? (3.9+09) x 102 LHCb _
JUWETK - nt :
Ryiminny 0.185+0.0134£0.006 0.2 +0.06 LHCb [1,6]
JHEPO1(2022)065

» Agree with BLL model based on
QCD factorisation

» Consistent with Run | result

Value [1072] Reference
RYPKTKTKY 704£1.8+02 Thi
I KK+ . . . 1s paper
Ry, 6.4+ 1.0+0.2 This paper
B(B+ — JAKT)
c 7.940.8 14
B(B: = Jprh) |
+_y DOK+ +
B(BT— D Knn) 0.3 4 5.1 151,69
B(B+ — DOmrtmmct)
B(B’— D Kt mh) _
8£15 51,69
B(BY— D-mrm—m) 7 7 L
B(B’— D*Ktmmt
6.5+ 0.6 51,70
B(BY— D) 7 L
B(B?— DKt mh) _
s 7 s 2413 51,71
B(BY— Dyt mh) 7 L

» Agree with the ratios of branching fraction for the multibody decays
of B*, B® and B!
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c quark decays
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. rg 30 T LH(JJ
> B} - Bdn* was first observed by e l . Data
. 40 '— B'{— D ntm
LHCb with Run | data S ﬁ ) il_mf:kg.ﬂ'” /
7 0 -~ B/ Blp’
> A wide range of predictions B(B}f —» BYn*t): £ * \ sk
6b00 T 6800 r; e
> B2 » Dfnt and B? - J /Y@ as normalization m(B1") [MeV/e']
mode 2 LHCb E
- C (b) e Data
O'( B+) E 30F B;— Bl(— J/yo)n”
> R=22¢) « B(BF » Bnt) = (237 + = | - Camb. b :
o(Bs) B g 20r -~ B> Bp .
0.31+0.11%317) x 1073 2 B> B 5
' S 10 .
O
e L .* L
> B(BC_*_ — Bé) T[+) ~ 10% 6000 6200 6400 6600

m(B’n") [MeV/c?2]
Phys. Rev. Lett. 111 (2013) 181801
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Study of B} —» BYm* with Run Il data

Yo e
+ + I " > 4! —}— Data
» Bf — J/ym*as a normalization mode s .1 | = _g’;‘_,ﬁwmf_-
s e Background
(528" p T 1o
B - 5
> R=—7T— = 91 + 10(stat) £+ 8(syst) + 3(B) = -
B(BE-I_—>]/1/)TC+) — ( ) — ( y ) — ( ) E ol
5
> B(Bf -» Bdnt) = (8.3 + 0.7(stat) + 0.3(syst) + )
2 2 B 0/ 6200 6300 6400 6500
) ( )) 0 JHEP 07 (2023) 066 m(BE:-'r*) [MeV/c?]
. _ Y [ we )T
» Consistent with Run | result 2 b o
=  Totl fi i
] ] 310 186+25 _
» The largest branching fraction of B 3 } :
3 5
o

6200 6300 6400 6500
m(B°m™) [MeV/c?]
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Mass
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B! mass
> Theoretical predictions range: 6.2 ~ 6.4 GeV/c*

> First measured at Tevatron with B - J/ymnt: PRL 100(2008)182002, PRL 101(2008)012001
m(BZF) = 6275.6 + 2.9(stat) + 2.5(syst) MeV/c?

LHCb measured B mass with many decay channels
PRD 95.032005 PRL 109,232001(2012) PRD 87.112012 PRL 113(2014)152003

“ Lum (fb~1) Result (MeV/c?) Lum (fb~1) Result (MeV/c?)

B - J/ym* 6273.7+ 1.3+ 1.6 6273.78 + 0.12 + 0.92

B} — J/yDF 3.0 6276.3 + 1.4+ 0.3 9.0 6274.11 + 0.27 + 0.38

B} - J/ypprt 3.0 62740+ 1.8+ 0.4 9.0 6274.61 £ 0.73 £+ 0.37
B} - J/YDOKTD 3.0 62743 + 1.4 + 0.3 9.0 6274.08 + 0.53 + 0.28
Bf - J/yntnmt X X 9.0 6274.38 + 0.18 + 0.84
B} - B2(Din)m™ X X 9.0 6274.08 + 0.44 + 0.43
B} - BY(J/yp)m* X X 9.0 6275.46 + 0.66 + 0.41

JHEP 07(2020) 123



B! mass

LHCDb
1 : Bl —>J/yr* i o
CDF B;—Jivk Bl —»Jyrnnnt ! ——t
LHCb B —Jyr* s Bl —>Jyppr* F <
LHCb B;—J/yD! -~ Bi— ﬁwD:(KJFK_?ﬁ) e et
LHCb B/ —J/yppr — B —=J/wD;(n*n %) H o
LHCb B —>J/yDK* B —=J/yD (K mHK* F o
+ 0,
LHCb average: 6274.621.0 Be—=B (D r)r” ——
N N T B::r_)BsD(JJW¢)H+ - ®
6268 6270 6272 6274 6276 6278 6280 B* combined mass
B mass [MeV/c’] T combined mass H—e—i
LHCb,yerage = 6274.6 + 1.0 MeV/c? | | | | | |
6271 6272 6273 6274 6275 6276

] +) 7 {2
JHEP 07(2020) 123 M(B;) [MeV/c]

LHCb,p,p = 627447 + 0.27 + 0.17 MeV/c?
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Summary and Outlook

»Many results on B/ mesons physics by LHCb
O b quark decays: B} - [cC]X
O ¢ quark decays: B(B} - Bdnt)~10%

O Mass: 6274.47 + 0.27 + 0.17 MeV /c?

> Opportunities with Run-Ill (14 fb~1)
O Search for annihilation decay: B} - 3h
O CPV?
O Search for more ¢ quark decays: Bf - B*X,B°X?
O Form factor never be measured

O Lepton universality

20



Outlook of Bf - h*th™h™
> In the SM, theoretical prediction > Decay modes for Bf - K*K~n*

B} annihilation decays :1078~107°) 1. b>g:Bf>K*D(» K )
b o 2. €->q:Bf ->n*B(—» K'K")
> 3. §—>E:BC+—>7T+[CC_](—> K K*)
. 4. bc annihilation: NR
» Any significant enhancement could
indicate the particles beyond the SM PRD 94(2016) 091102

(like HY)

rJJ
=
|I

~ LHCb-

e -
|
-
I+
MAK 1) [GeV</c?]
[ e )
= w2
T
T g
A
oy
A ~~

S
=
|
o
|

20 30 )
m(KK) [GeV2/cH]
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No. Final state I'(B]—f) (GeV) [(BZ—f) (GeV) Acp

1 YyD** 6.65% 101 6.53x 1016 0.00954
2 n.D*" 9.42x10”Y 9.00x 10" V7 0.0179
3 YD 201x107Y 2.80x 107V 0.00383
4 n.D” 4.07X107 16 3.89x 10716 0.0226
5 yDF" 1.76 X107 1.76x 10~ 1 —0.000480
6 nD** 2.20%x107P 2.21x107 0 —0.000902
7 D} 8.54x 10 1° 8.55x10° 18 —0.000186
8 n.D; 9.58x 107 1* 9.60x 101 —0.00118
9 D*0pt 8.34x 10 18 8.00%x10 18 —0.0379
10 D%~ 8.38x 107 1® 9.04% 10718 —0.0379
11 D*og™t 2.80x 10718 2.88Xx 1018 —0.0154
12 D% 3.11x 10718 3.54x 10 8 —0.0645
13 D*Og*t 5.81x107 1% 5.13x10 18 0.0622
14 DOK* T 5.35x107 18 4.72X10 18 0.0622
15 D*'g* 7.71x 107 1° 6.46x 101 0.0879
16 DK™ 6.76x 10718 6.16x10 18 0.0463
17 D*7p? 1.94x 1018 1.83x 10 18 0.0302
18 D** 70 0.83x 10" 9.46x 10" %° 0.0210
19 D' p° 5.90x 10 % 5.56x10 % 0.0302
20 D70 3.12x1071° 3.01x107% 0.0185
21 D¥Tg*0 448x107 1% 4.41x10 18 0.00822
22 Dtk*? 422%x107 18 4.15%x 1018 0.00822
23 D*TKP 4.10%107% 4.03x 107 % 0.00822
24 DK® 7.22%10 18 7.11x10 18 0.00822
25 D** ¢ 5.68x10 18 5.58% 10 18 0.00822
26 D¢ 23010718 2.26x10 1 0.00822
27 DXt g*0 2.88% 1071 3.76x1071° —0.133
28 DK 2.60% 10720 3.52x10° % —0.133
20 DI K*° 1.32x107% 1.72x 107 % —0.133
30 DK"Y 2.40%x1071 3.14x107 % —0.133

3

Outlook of CPV

PhysRevD.56.4133

Mode
Prediction: A,

B; - J/yD*
Acp = 0.4%

B - J/YDg
A, =0.02%
B} - D°K*
A = 4.6%

B} - D}K*°
A, =13.3%

9.0

9.0

3.0

9.0

\
Precision of

Acp

1135 + 49
~5%

20+5
X

14.0

14.0

9.0

14.0

14.0

N

Precision of

Acp

~2000
~3%
~100
15~20%
200~300
10%

X
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Resonance structure of B} - J/Y(¥(2S)h*h h™

T~ 215 ———— < 800 N Parameter Value
S‘f; i LHCb1 .= LHCD -
= 160~ iﬂ'{" 4 data o - E 600 4 data o . J ]?}jﬁwﬂﬁ_ﬂ 7] 88.1 £3.0
jﬂ.l r +i 00 simulation (BLL) 1 ?'*__, . f % E{_} j§$§{?: fgj_’J/‘l’“"L“_”Jr [C ] 1044+14
= [ 1= L g / 1
= 105F _ﬁ ?a - = 400}~ —— Bfo Jpmtrmt A Mg [MeV/e?] 1265 £ 10
pe - i 15 [ total ] I'n [MeV] 110 £ 21
C e .{:{'ﬁ,i ] .
50— [t < 200 ~
: i Eﬁﬁi Morifi b qzi:: L ++ | SR [U.] 8
[ ol i ‘b —
. 5. BN - > BLL model: Bf - J/¥a;(1260)(- 3n)
0.60 1.25 1.90 2.55 320 025 080 135 190 245 3,00
([ — [GeV/c? [ — [GeV/?]
=1L o e e s R ) ¥y B B T ]
= + d o 4+ d R - +K gt
r ata V-l 1 T <PE ata V1 Bi—wJVWKTK™=n -
S a0 g g gpktRe VP4 2 LE B Broppent P ] fzeo A = (645£4.7) %,
S —— Bf— JWKtK-nt 1= —— Bfo JKTK-nt E
= 300 | total 4 = BF total E fB+—>Jﬁ|’K+K o ( +D?) %
= 1% 08 + + : *
E i S 10 i
= 200 17 st Hﬂ Hw + gHHﬂ
OE[|+| |+ |+| | | ] i :
st Ty :
_10E I R R R
9

060 095 130 1.65 200 235 12.70 0.98 1.03 1.08 1.13 1.18 1.23
MK -t [GeV/ 2 mg+g-  |GeV/c?



Resonance structure of B — J/y((2S))nh
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