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Research Background

B Direct B, Production
1. Hadronic Production (Theoretical Study)
p+p(p)—>g(@)+glqg) > B, +c+b

S-wave Bc( : (Complete calculation ): Heavy quark fragmentation calculation:
C. H. Chang etc., 1993/95; S. R. Slabospitsky, 95; E. Braaten, K. M. Cheung and T. C. Yuan, 93~96;

A. V. Berezhnoy, 95/96; M. Masetti and F. Sartogo, 95; C. H. Chang, Y. Q. Chen, G. P. Han and H. T. Jiang, 95;
V.A. Saleey, D.V. Vasin, 2005; etc.

K. M. Cheung, 2000; etc.

P-wave, Color-octet, 'Intrinsic charm and bottom mechanisms": Auto calculation program:

C. H. Chang, C. F. Qiao, J. X. Wang and X. G. Wu, 2004~2005. HELAC-Onia 1.0-2.0,
H. S. Shao, 2013~2016.

Generator:

BCVEGPY 1.0~2.2,
C. H. Chang, C. Driouichi, P. Eerola, J. X. Wang and X. G. Wu, X. Y. Wang, 2004~2015. 3




Research Background

B Direct B, Production

2. Hadronic Production (Experimental Study)

Firstly observed by CDF at Tevatron in 1998 through B: — J /w +[* +v.

B:—>Jly+r.

Excited state B,(2S) was found by ATLAS at LHC in 2014 through m(B-fr* 7~ )—m(B.)—2m(x™).

CDF run2 data (2016):
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Research Background

B Direct B, Production

3. Other Production Mechanisms

Electron positron collision:
Z.Yang, X. G. Wu, etc., 2012.

Z In a super-Z factory, Z° resonance effect would
enhance the production rate heavily.
Generator: BEEC (2013).

do/dP,, fb/GeV

Photon photon interaction:
K. Kolodziej, A. Leike and R. Ruckl, 95;
A. V. Berezhnoy, V. V. Kiselev, A. K. Likhoded,96.

Electron proton collision :

A. V. Berezhnoy, V. V. Kiselev and A. K. Likhoded, 98;
A. V. Berezhnoy, A. K. Likhoded, 04.

Pb Pb interaction :

Y. Liu, C. Greiner and A. Kostyuk, 13;
E. Norbeck, J. Nachtman and Y. Onel, 13.
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Research Background

B [ndirect B, Production

LLO calculation:
C. F. Qiao, etc., 2011; Q. L. Liao, etc., 12.

LO calculation:

C. H. Chang etc., 92; V. V. Kiseley, etc., 94; X. G. Wu, etc., 10/11.
NLO calculation: C. F. Qiao, L. P. Sun and R. L. Zhu, 11;

J. Jiang, L. B. Chen and C. F. Qiao, 15.

LO calculation:
J. Jiang, L. B. Chen and C. F. Qiao, 2016.

LO calculation:
C. F. Qiao, C. S. Liand K. T. Chao, 96; C. H. Chang, J. X. Wang and X. G. Wu, 08/09.

NLO calculation: P. Sun, L. P. Sun and C. F. Qiao, 10.




NLO corrections to B, production in Z° decays

B Decay Widths & Uncertainties
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FIG. 8. The decay width I'(u) and the ratio I'(u)/I'(2m,,) versus renormalization scale 4 for y running from 2m_ to m;,/2.



NLO corrections to B, production in Z° decays

B Decay Widths & Uncertainties

TABLE 1. Decay widths I'(4) (keV) of Z° - B: +¢ + b at
leading order and next-to-leading order. The first errors are

caused by m. = 1.5 £0.1 GeV and the second ones by m,; =
49 + 0.2 GeV at u =2m,, 28 GeV, m,/2.

['(u) (keV) LO NLO [ K-factor

po=2my  89.56 3,01 118.77 51535007 | 1-33500150.01
= —11.08+0.46 ~18.25+0.45 ~0.00-0.01

pu =28 5802 jiao vae 9340 55705 | 165 Goiio0n

_ ~9.3340.39 ~16.33+0.44 ~0.00~0.00
p=mz/2 AB.8T 1537 53 84.607705°0% \1-7370.0130.01 /
~_—

Conclusions: L T,FLO’NLO I Uncertainties caused by varying m, are
utK=r,, /T, 7T much larger than those caused by varying my,.



NLO corrections to B, production in Z° decays

B Decay Widths & Uncertainties
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FIG. 9. The decay widths of LO (left) and NLO (right) with different quark masses versus running renormalization scale y, from 2m,.
to my/2.
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NLO corrections to B, production in Z° decays
B Branching Fractions & Events

Br,,(Z° — B, +¢c+b)=3.6x10",

) Vector B, . .
Bry,,(Z° — B +c+b)=4.8x10". ﬂ : Bro(Z° = B, +X)=6.5x10",
Br (Z° 5B + c+b)=2.9%10 s Bry,(Z° — B, +X)=7.9%10"
Br,o(Z" — B, +c+b)=2.9x10", [~ 5, weo c+X)
Br,,,(Z° > B +¢+b)=3.1x10"". /
B, detection efficiency: \_f—\
Br(B: > J/y+rn")=(1.35-2.54)x10" Depression factor:
Z. J. Xiao, X. Liu, 2014. 1.6x108!
Br(J/y > I'l",l =e,u) = 6% _—7 \_f_\

Low efficiency: (0.81~1.52) in 104.

Is it possible to detect the B, signals in Z° decays experimentally?




NLO corrections to B, production in Z° decays

Search for B/c and Upsilon in hadronic Z decays

B Branching Fractions & Events | _ |
ALEPH Collaboration (M. McNeil (CERN) for the collaboration)

indi ' 1997 - 10
B. indirect production at Z factory: pages
_ Int.J.Mod.Phys. A12 (1997) 3921-3930

4 DOI: 10.1142/50217751X97002073
Z factory: Egy ~ Z° mass pole Prepared for Conference: C96-06-13.1
_ o Proceedings
L ~ 103538 cm-2s-" Experiment: CERN-LEP-ALEPH
Z° events ~ 101" /year

Abstract (W5P)
_ Out of 3.9 million hadronic Z decays collected by the ALEPH detector, a sample of approximately 700

Jiy events decaying into e+ e- or p+p- are selected. A search for the Bc meson decayyG intg the
channels Jiwm+, Jiwe+ve and Jiwp+vy is then performed, resulting in the observation\of O, 1 aind 1

Depression factor: candidate in each of these channels respectively, with 0.37, 0.28 and 0.36 background ewerfs
1.6x10-8 expected. The following 90% confidence level upper limits are derived:
Vv Br(Z — B.X)
0 +7— + " “Br(B} - J/ynt) <3 x10°%,
Z° 5B (> J/y(=1"T)+n)+X B ) e )
N Br(Z — B.X
];((Z_} _]]BI(B,; — I/t ) < 5x10°5.
. & —qq
B. events:
1.6x1 02-3 eventsfyear‘ An intriguing candidate, found in an independent analysis, is also described in detail. Using the same

data sample, a search is performed for the Y(15), Y(25) and Y (35) states, decay... 11




B. production in Higgs decays

B Decay Widths & Uncertainties

HO(k) b(pa)

clps) - = #ps)

&(ps) b{p)

b(ps) FIG.2. The top guark triangle loop (a, b) and W/Z boson (c, d)
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FIG. 1. The QCD/QED Feynman diagrams of the processes pr{}pdgdted Feynman d]‘lgr‘lmt‘ of processes H'(k) —

t] -
H(k) — B (py) + t(ps) + b(ps). where convolved/waved BE (Po) + E(ps) + b(ps).
lines represent the gluon/photon propagators.

Contributions Order B, B’

Fig. 1 (QCD only) a,, o 1.53 2.08

cross terms of Figs. 1, 2(a), 2(b) Xy X, 5.32 x 1072(+3.5%) 6.98 x 10~ (+0.34%)
Fig. 2(c) aﬁh.'v”ftb 2.58 x 1077(+0.0%) 2.67 x 1077 (+0.0%)
Fig. 2(d) a, 1.65 x 10~3(+0.11%) 1.67 x 10~3(+0.08%)

cross terms of Figs. 1, 2(c), 2(d) — =5.69 x 107*(=0.037%) 8.23 x 107%(+0.0%)




B. production in Higgs decays

B Decay Widths & Uncertainties

Decay widths

I, =4256.68a’a—-1417.96a,a”+117.991a’,
. =5773.29a}a—1932.84a,a” +159.392a°.

c

Total decay widths and branching fractions:

Ftotal(HO — Bc +E+b) — 357(;(())223

Br, ,(H" — B_+c +b)=28.50(

-1.6
+2.1

YkeV,
)x107%.

TABLE II. Uncertainties of the decay widths I'(H® — B +
¢+ b) (units: keV) caused by the matrix element

(B|O['So(351)]|1BY) (units: GeV?). Percentages in brackets
are corrections relative to the QCD (B-T) one.

(BEO['So(35)]1BE”) . %
QCD (B-T): 0.1306 .51 2.06
Power law: 0.1361 1.57(+4%) 2.15(44%)
Logarithmic: 0.1200 1.39(—8%) 1.89(—8%)
Cornell: 0.2534 293 4.00

TABLE III.  Uncertainties of the decay widths T(H® — B +
¢+ b) (units: keV) caused by the mass parameters m; and m_
(units: GeV). When m,,(m,) varies, m_(m,;) is fixed at its central
value.

*
mp . Bi‘ B‘f
407 3}
m, = 4.9133 151553 2.065519
g +0.1 —0.27 —(h.410)
m, = 1.5 151782 2.0675'53
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B. production in Higgs decays

B Differential Distributions
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FIG. 4. Differential decay widths dI"/d cos 8, (left)
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B. production in Higgs decays

B [n Comparison with Fragmentation Calculation

TABLE V. Branching fractions of H(k) — BY (py) + @(ps) + b(p) through complete leading-order NRQCD
calculation (QCD contributions only). The percentages in brackets are ratios of the contributions from the three
groups relative to the total branching fractions.

B, B!

Total branching fractions (QCD only) 3.65 x 107 496 x 10~

Hbb coupling 3.61 x 10~4(498.9%) 4.97 x 10~4(4-100.2%)
Hce coupling 8.82 x 1077(4+0.2%) 7.32 x 1077(+0.2%)
Cross-terms 3.34 x 107°(+0.9%) —1.85 x 107°(=0.4%)

TABLE VI. Branching fractions of H® — B.” through b and ¢
quark fragmentation calculation.

Br(H® — bb) = 56.6%,
Br(H" — c¢) =2.85%.

B, B:
H° = bh — BY 3.10 x 1074 436 x 1074
H® - c¢ » B 2.00 x 1077 173 1077
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B. production in Higgs decays

B [n Comparison with Higgs Decays to Quarkonia

NRQCD calculation:

Br(H" — B, +c +b}=3.65x107",
Br(H’ — B +C +b)=4.96x107;

Fragmentation calculation:
Br(H® - bb — B)=3.10x107",
Br(H® > bb — B)=436x10"",

Br(H’ —>n +c+c)=7.87x10",
Br(H' > J/wy+c4c)=7.59%10"
Br(H" -1, +b +b)=8.89x107,
Br(H® > Y+b +b)|=6.61x10".

Br(H" —cc —n,)=1.65%x10",
Br(H® —>cc —J/w)=1.70x107;
Br(H" - bb —1,)=3.25x10",
Br(H® - bb — Y)=3.35x10"".

Br(H > J/y+y)|~107°,
Br(H’ > Y(nS)+ ) ~10".

G. T. Bodwin, etc., 2014.
M. Konig and M. Neubert, 2015.
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Summary

€ B. indirect production through Z% and Higgs decays

» NLO correction to B, production in Z° decays

NLO corrections enhance the LO contributions by 30%.
Scale dependence is reduced. Uncertainties caused by quark masses are discussed.

Experimental study in future Z factories is doable.

» B_ production in Higgs decays

The processes are dominated by Higgs and b quark couplings.

Branching fractions are 5 times bigger than those of Higgs decays to quarkonia.

17



l:nl1r..-.l l.-.--1r--- A

= @ re|exr
2013 KR FERN

i, O G Y Y D 1 (]

T RCTR EE PTRTIS I e




