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Introduction

Introduction

» The elementary structure of doubly heavy baryons

» The diquark picture [QQ'] ¢

» Description for diquark interaction in NRQCD
» The light quark interact with heavy diquark

in HQET

» The spectroscopy of doubly heavy baryons

» The prediction in constituent quark model and QCD

Baryons quarks 1(JP)
=i ElL=E ¥
=i =020, ccu/beu/bbu %(%J
=20 5, ccd/bed/bbd  3(3T)
Qf.Q9..Q,,  ccs/bes/bbs 0(%+)
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Introduction

» The prediction for =1 decay

» We recommend the processes of =" — ATK 77t and =7t
as the first priority for experiments to search for the doubly heavy

baryons.

» Study the non-leptonic weak decay of doubly heavy baryons

» No satisfactory methods
» We develop a theoretical method to calculate these non-leptonic
decay modes.
» Factorization approach for T, C diagram

» Rescattering effects for C, C’, E1, E; and B diagram

» We have calculated all the decay modes of B.. — B.P.
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Looking for =+

The prediction for =} "decay

» The SELEX experiment report they found the doubly charmed

baryons =/_ via the process of ={.— AF K~ 7™, but it have not
been confirmed by other experiments.

» We think = "can be easily found

» First, the life time of =/ "longer than =/ _about three times:

—cc

T=+

Rr=—"=0.25~0.37  aXiv:1703.09086

T=++
Zcc

then, the branching ratios of =} "decays larger than =X about three
times.

_ —+0 — — :
» S SITKT 5 APKrtat and S5 — =Eat have a relatively
large branching fractions.
» Next, we develop a theoretical method to compute the non-leptonic
two body decay amplitudes of doubly heavy baryons.
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The elementary calculations

The analysis of topology classification

» Topologies of two-body non-leptonic charmed baryon decays:

Ey

» Hierarchy in heavy quark expansion: Leibovich, Ligeti, Stewart and Wise, PLB 586,337 (2004)
SCET: |C/T| ~|C'/T|~|E/T| ~ O(Agcp/mq), |B/E| ~ O(Agcp/mq),
for b decay: O(Agcep/mgq) ~ 0.3, ¢ decay: O(Agep/mg) ~ 1.
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_____________________ The elementary calculations |
The short distance contributions of T and C

» The weak vertices M(Bc. — BLP) and M(Bec — BLV) via T or C
topology decays has been parameterized as

M(Bee — BLP) = i tig: (A + Brys)ug,

, , (1)
M(Bee — BLV) = ¢ Tigr (Ary,s + Azpﬁ“% + By, + szﬁ“)us
and
A= MMp(M — MYfi(m?), B= Ap(M+ M)gi(m?®),
2 2 M — M/ 2
A1 = —Mfym(gi(m°) + g(m°) Vi ), Ax = —2Afymga(m”), (2)
M+ M

B = Mym(fi(m®) — f(m®) ), B> = 2\fymf(m?)

M

where \ = %VCKMal(ag), m is the mass of pseudoscalar or vector meson. e

is the polarization vector of the vector meson. We take the form factor form
W. Wang, F. S. Yu, Z. X. Zhao, arXiv:1707.02834.
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The elementary calculations

Rescattering mechanism

» Rescattering mechanism for C and E;

a(u = me = 1.3GeV) = —0.02 for C short-distance contributions

Fi d

———— K*(p;. \)

K (e, )

0

ET/E:+(IJ1-, *Sl)

> B (pss3)

" i (psss)

A (K, s1)

[l

EY/ED (P2, 52)

(D)
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[_++—>z++K S APK Tttt VAV C

cc

() ——— F*O(m, A P (po, \') —)—f*o(m‘ \)

Kxi(k /\/)

—— 37" (ps, 53)

+ /
—— N (ps, 53) PP X) X (ps, s3)
AT /ST (K, si)

: L)_ 7*0(])4, A)
(@ (@)

AL/ZE (R, s8)

7*0(1147 A)
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The elementary calculations

(=& — =it VEV,a(T + C)

7t (o) f—>—— 7" (p4) —>—— 7 (p41)

(2, N)

=HH(p,

70(k)

= (ps, s3) > =/ (P, 53)

——— Z0(ps, 53) —— = (p3, 53)

’_0/—/0(1{3 Sk) —U/—/U(l\/ 51\‘)

R 7r+(p4)

() (d)

—— 7" (p4)
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The optical theorem

» For dealing with the divergence, we adopt Optical theorem to calculate
the imaginary part of the amplitudes.

43
Abs(M(p — psps)) =5 Z H/ o 32Ek 21)*5*(p— > ai)
j

k=1 (3)
x M(p — {aqi}) T"(p3ps — {qx}).
» Cutkosky cutting rule

Y2 P4

a2 g2 42

p p
k — X k
q1

n — a1

22! D3
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The elementary calculations

Some computational details

++ ++7¢ o e X') K (pa. \)
[—CC — Z K = (p, s)
Y Kk, X)

Lot = Lvpp + Lyw+Lps B, + LvB. B, =+ /o

; =c /_‘(' (p1,) _’_Z(‘r’+(]):;783>
'CpK*K* = ﬁgppp [(8”K*O#K:* _ K:OauK*ﬂu)p;r

(oKl — oY (07K K],
L5 = v = f-ZC K™ Z++'y K*+,u + fZCECK Z++o_uua K*+:+

c=c m):c-i-mzc c priy  —co

<R*OK*+|"LPK*K* lp*) =~ igﬂﬂﬂ/ﬁ[e*u(k7 Aeu(p2, N (pas A)(2p5)

#(pay Negu (ks N)ew (2, ) (2PF = ) = € (pa, Nep(p2, X )er, (k, N (p3 + PZ)]

SR =t et ify ="
(ZTiLs zk|ZEKTT) =

Eui(k, A)L_l(p3753)(f1 Sk Y + mguyku)u(phSl).
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Some computational details

d L .
Abs Z /(27T)32E1 o 32E2 (27T) 54(P p1— p2)lu(p37s3)
51 A/ A/I

= K* . o o F? t, Mg+ .
(£ 7ok )ulpr,2)e” (kX)L 8z
;.

X (€74 (e, N Ve P2y A"l (as A)(2P5) + € (pay N (ks N )ew (P2 ) (2PF = pE)
+ € (pa, New(p2, A")es (k, ) (=55 = pi))

X" (o2, "Y1, 1) (Aris s + A2 T2 4 Brys £ B2 2l 5)
p p

P|sinfd6 . Z KT ifye=<k o
|16|7rm ( ’gppp)u(l’3a53)(f1z K Ya — m2 Tm oapk )(lé1+mp1)
= P1 P3
o k“ko‘ . y . o KFK®
x[(—g" + =) (— s + ZEE2 )l (a, \)(268) + € (pa, (8" + =)
My b mK*
v 174 1% * ro ky *
(—gvs + P22y 2pF — p¥) + €h(pa, \)(—8"" + ~—5—)(—gus + D222y
mp Mics mp

F2(t, mK*)

5 5
. — s P1 ) P1
(—=p2v P4u)] (Ary’7s + Az m + By’ + Bz—mp)u(p, s) r——
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The elementary calculations

The theoretical uncertainty

» Strong couplings between hadrons

— large ambiguities in literatures refer arXiv:1703.09086

» off-shell effects of intermediate states

A2 — m?
N —t

F(t,m)=(

)n’ t= (p3—p1)2, n=1

Where /\ == meXC + nAQCD Cheng,Chua,Soni,PRD 71, 014030(2005)

» Results are very sensitive to the value of 7

» No first-principle calculations
for n

» We take 1 from 1.0 to 2.0

p

D

P>

-

D3

Py

—_—
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The elementary calculations

Results analysis

—++ ++ 0 _ (=L N 0
[B(_CC — Y HH(2455)K™0) = ( o fs) x (3.3 20.6)/0]
Branching fractions of =7 and =

= =1 decays with the long-distance

contributions, relative to that of =}.F — Z?+(2455)K*0.
Baryons Modes amplitudes Bip
SHt(ccu)  TiH(2455)K Asd C defined as 1
pD** AgC’ 0.04
pD* Mg C’ 0.0008
=+ (ced) AR Asd(C + Er) (R,/0.3) x 0.22
T+ (2455)K AaEr (R./0.3) x 0.008
=5 \%)\sd(C’ - B) (R,/0.3) x 0.04
AD* Ad(C'+B)  (R./0.3) x 0.004
pD AB (R./0.3) x 0.002
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The elementary calculations

='*Tand =} decays
Branching ratios for the =} Fand =}.— B.P decays in units of 1073,
Par Modes B(LD) B(SD) Modes B(LD) B(SD)
=i Afat 3.96 ~ 4.30 3.86 That 2.44 ~ 2.61 2.48
71.5 ~ 107 67.6 Sitnt 474~ 519 47.1
AEKY  0.33~0.34 0.32 TEKT 0.18 ~ 0.22 0.17
=fKt  535~5.83 5.38 =IFKT 3.05~3.23 3.03
sr+K°  4.05~275 0.015 THtK®  0.011~0.088 4.4 x 1075
Tita%  025~1.89 63x107*
=t AEr0 0.05~034 33x107% | Ziq° 0.137 ~0.88 2.1 x107*
=Fn0 11.5 ~ 74.4 =tq0 1.08 ~ 6.42
AFK® 0012~ 0.10 27x107° | IfK® 0.020~0.16 1.9x107°
AFK® 1.18 ~ 8.81 0.0096 TR 5.46 ~ 37.0 0.0051
=K 0.10 ~ 0.65 =K 0.044 ~0.30
=0pt 26.0 ~ 39.1 22.4 =0nt 15.5 ~ 15.7 15.6
¥ort 1.86 ~ 2.57 1.65 TOKT 0.115
=0KT 1.79 ~ 1.83 1.78 =0kt 1.04 ~ 1.21 1.00
QUK 0.16 ~ 0.94 Sitr=  0.014 ~ 0.088
YHK- 030~ 212
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The elementary calculations

Q7 decays

Branching ratios for the Qf.— B.P decays in units of 1073.

Modes B(LD) B(SD) Modes B(LD) B(SD)
N0 5.7(10~%) ~ 0.0042 Tix0  2.2(107%) ~ 0.0015

=tn0 0.11 ~ 0.63 =gl 0.015 ~ 0.14

AR 0.015 ~ 0.099 YIK° 0.006 ~ 0.037

=K 0.0027 ~ 0.020 2.1(107%) | =LFKO 0.03~0.2 1.2(107%)
=+K° 2.0 ~12.4 0.00725 | =+K° 31~18.8 0.00416
=0t 0.99 ~ 1.04 0.98 =0n+ 0.73 ~ 0.92 0.69
ot 3.9(10~%) ~ 0.003 Qort 26.0
=0K+ 0.082 ~ 0.084 0.081 =OK+ 0.047 ~ 0.048 0.047
QoK+ 1.68 ~ 2.07 1.61 Yitr—  5.6(107%) ~ 0.0042

THK- 0.0072 ~ 0.052
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For our next work

» To calculate all the final states of non-leptonic two-body decays
of the doubly charmed baryon B in our theoretical method.

> all B — BV
» all B.. —» BD/D*
» To study Bpc and By, decays, and calculate their non-leptonic
two-body decays. So that we can help the experiment looking for

these particles.

» Try to develop a more credible theoretical method to study and
calculate the singly and doubly charmed baryon decays, that can
promote our further understanding of the non-perturbative QCD

dynamics.
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Brief Summary

» We develop a theoretical method to calculate the branching

fractions of some processes of = .decays.

» We suggest to measure the following processes with the largest

possibilities to be observed.

B(=L" — £HH(2455)K™ — NEK -t nt) ~ 0(10%),
B = =fnt) = (7.1 ~ 10.7)%.

» =!"has been discovered by LHCb, through the first channel
=ht o T (2455)K ™0 5 Af K-t

» Next, we will calculate the non-leptonic decays of By and Bpp.
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Thank you for your attention!
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