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® Introduction

b-baryons physics
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® Introduction
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® Introduction

b-baryons physics in experiment

An evidence of CPV has been attained at the

confidence level of 36 1n the Ag — prn+a—n— decay.
(1609.05216)

. F(Ab—>AcT_I77-) o 2 e
RAC = T(AyohAep o) 0.242 4 0.026 £ 0.040 £ 0.059 : %"{fwi

(2201.03497)§ i

A(1670)

- A(1690)
-3%-- A(1800)
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A(1820)

Pc(4380) and Pc(4450), firstly observed 1n the T
A} — I/ypK~— process. (1507.03414)
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b-baryons physics in theory

Quark Model:1207.3477, 1410.6043, 1803.02292, 1803.01297

LCSRIO904.4008, 1001.0227, 1108.2971, 1511.09036, 2205.06095

LattiCCZhep-lat/9709028, 1503.01421, 1602.01399, 2107.13140

EFT: hep-ph/9810515, 1111.1844, 2003.0836. 2202.04804

Angular distribution:1410.2115, 2203.13524, 1410.2115
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® Introduction

Form factors in b-baryons physics

(B(p2)|59,blAs(p1)) = T (p2)(917 + 0" + =g, Jun, (p)

Ay Ay
_ _ Go . ,  Gs
<B(p2)|8’7u75b‘Ab(p1)> uB(p2)<G17u + m 10 uvq + ma Q,u)f}/E)uAb <p1)7

Ay

(B(p2)|5i0,,q"b|Ap(p1)) = up(p1)(ma, five + f200.,0" + f3q,)ua, (p1),
(B(p2)|5i0,,75q"b|Ab(p1)) = us(p2)(ma, Fivu + F2i0u,0" + F3qu)v5ua, (p1),

HQET: (B(p2)|3Tb|Ap(p1)) = T(p2)[€1(a%) + $€2(a*)|Tun, (p1),

Isgur, Wise, NPB 348, 276(1991); W. Roberts, Ryzak, NPB355, 38-53(1991)

LE: (B(p2)|STbIA(p1)) = £(¢*)(p2) "= T, (1),

Hiller, Kagan, Phys. Rev. D65, 074038 (2002)
Feldmann, Yip,Phys.Rev. D85 01403(2012)
Mannel, Wang, JHEP 1112 (2011) 067




® Introduction

Form factors in SCET

_ — g2 . v gs3
(B(p2)|57ub|Ap(p1)) = mAbwuuq +m—Aqu)uAb(p1),
_ G, ., G
(B(p2)|57,75b] Av (p1)) m—2wwq + m3 075U, (1), l

Ab Ab

Integrating out hard

<B(pz)\§iawq”b\/\b(p1)> U ma, f1y, + fzi%uqy + f3qu)uAb (p1), modes

(B(p2)|5t0u,,75q"b|Ap(p1)) = up(p2)(ma, F1v, + F2i0,,0" + F3q,)vsua, (p1),

SCETi

Integrating out hard-
collinear modes

(A(P")|5Tb|Ab(p)) = Ciéa(E)up (p')Tup, (p) + O(A*En),
SCETu

To leading power, there is only one universal form factor!




® Introduction

SCET pow counting

¢:€C+nc+§hc+nhc+qs
£ _ Wi—fier ~ )2 &- _ Wi—fier ~ )\
o = 1 o y She — A he y A=A+ A; + Ape

ik
{IHN}‘E: hu:%ﬁ u"’”—"}‘.a.

2 4
nyA,~1, noA,~ X, Aja~ A2, Ay~ A2 Pe ~ (L,A%,2%)
npApe ~1, n_Ape~ A% Alpe~ A gs ~ (A2, 2%, )%)

[Ag) ~ X7, [A) ~ AT, Phe ~ (1,2, 22)

)'L = ﬁ/mb
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Multipole expension
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® Factorization in SCET

SCET; operators

034(3) — (gthhc)stth'va
OJB (31: 32) — (&—-thhc)sl (W}J{CiDJ_uth)szrgifsThva
Of (s1,82,83) = (EncWhe)sy (Wi iD 1 1y Whe) sy (W) 3D 1 11y Wie) s, T Y B,

O'D(Sla 52) = (Ethhc)sl (W}]:Cin—Dth — in—Ds)szI‘;}/sThva

J
OjE(Sa t) — (Ehcwhc)s(iDg)tF;YSThm

non-zero matrix element  (B|0;|Ap) # 0

OA ~ )\4, QB ~ A5,OC’D’E ~ A6.
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® Factorization in SCET

QCD current in SCET,
Integrating out hard

modes

My

é?}]u(gln §27 7) O;u(sla 82)} T .. )

Integrating out hard-
collinear modes

> ‘ SCETu




® Factorization in SCET

Matching onto SCETy;

[objects] x (Ec{1, 7+ /2}T%qs) (§ed 1, %+ /2}T7g5) (T

l

1 1
— n gy . ) . ?
Pt im0 in_0

01, Alc, Alg, ny 0, ny A, n_0, n_A,,

H e Ky piV) po
n_,ny,g ,¢€ n

66¢+F, e, G ml“’ s cis%_ s, @1 s,

hy)
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® Factorization in SCET

n_ — an_

Boost label: Dimension

ny — oz_ln+




@) ruinis

et/ TSUNG-DAO LEE INSTITUTE

® Factorization in SCET

Matching onto SCETy;

Al = 15 — 2n;1 + 2n5 + 2ng + 4ny + 4ng + 6(ngg + Ngp + Noe),
a] =0 = —n1 +n2 +n3 — Ny — Ng + N7 — Ng — Nog + Ngp,

d] =9 —n1 —na + ns + ng + ny + 3(ng + ngg + ngp + Moc),

!

[)\] =64 [d] —ng + ng + n5 + 2ng + 2n7 + 2ng + 4dng, + 2ngp + 3nge.




® Factorization in SCET

Matching onto SCETy;

For OA, 034(3) — (Ethhc)stthv:
d] =3,[A =9,]a] =0
n1=n2=3, n3 — Ny andni=0(i25)

For OB, OJB (Sla 32) — (Ethhc)sl (W}J{CiDJ_pth)szI‘;}/sThva
d = 4,[\ = 11, [a] = 0

=2, na=3; ng—mns =1, n="0( =5)




® Factorization in SCET

Matching onto SCETy;

For OA, 034(3) — (Ethhc)stYsThv:
d] =3,[A =9,]a] =0
n1=n2=3, n3 — Ny andnz-=0(z'25)

(AJOA|A) ~ X4, (A|OBCDE|A) ~ A8,

1
in,.0 + i€

0 1 o0
d(x) = —i /;m ds o(z + sny ), e mqﬁ(m) = i[j dt p(x +tn_).




® Factorization in SCET

Soft from factor

dxngEngm‘gdzEgJ_ — = — —
Sﬁ(E) = / (1671'3)2 @bﬁb(mﬁvm&kﬂ_:k3L)¢A(y2(m2)ay3($3):k2lak3l)r

|¢Ab (932: I3, kZJ_: k3L)|2

/ dzod®ky | dzsd?ks)
(1673)2

9 v
I2,3 ~~ A kot 31 ~ A2 U, (T2, 23, ka1, k31 ) ~ A6

y2)3 ™~ ]' — wﬂ(y2593aE2LaESJ_) e )\_4

phase suppression ) EA(E) ~ X°,
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® Factorization in SCET

Matching onto SCETy;

(A|OA ALY ~ A%, (A|OBCPEIAL) ~ NS, To leading power,
there is only one

universal form
(A(P))|3TB|Ap(p)) = Ciéa(E)Tp (0 )Tun, (p) + O(N€r), B factor!

In B->pi,

symmetry

Ff‘”‘"(E) = Cit-(E) + ]drc”( TEx(T, E). breaking effects
are at leading

M.Beneke and T.Feldmann,Nucl. Phys. B 685, 249-296 (2004) powe r
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® Form factor in SCET

Form factor in SCET Leading

order in QCD

(B (p,\) |ETRY |H,(v)) = C,& (H, — B, - p) iig (p,A) Tug, (v) + O (?CPD) .

u b U
g i u g % u
d d % d
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i If both vertices of a hard-collinear
Form factor in SCET gluon are attached to collinear
quarks, only the transverse

component of this gluon
contributes.

® Form factor in SCET

[@17p--] X (@] = [@vig-] x [@y.],

soft field collinear
field




® Form factor in SCET

b

i

2(zg + z3)mp,n_v




® Form factor in SCET

| ~H

[ot iz @) @l | = G [idnle? = () @ 0 A1),V 01, ,0) +

6(1-

6

(CHYY) (TP (D M)V LpY5)2 TP (Y15 Y2, Y3) }

€2%c 4. iy

(Ofug (t1)dj(t2) QS| Ap) |= G TfAbQPn(tl,tz)%(’/L%CT)ﬁa,




® Form factor in SCET

Form factor in SCET

_|_
64

(= p) = g'On'o [l [y, . 0)T (0,50 W, 1,2, )

1
CN _ %Eabcedef [TATB]af[TA]bd [TB]ce

? —1
J (w, u, y;) Dy ,
Z "+ ys) P ow yaysu(l — u)w2 P+?

=V, T

A,

@5y h1sCT YL O 5YL 5 Tua, =0,
Lo VL

@y sV s CT VL Oy, v 57 g Tua, = =32 X @Tuy,




® Form factor in SCET

Form factor in SCET

2 3/2
Tafeo,u) = wu(t —u) Y 2a O 20 2]
"ol

e_w/en

n=0

VA = AP = 190m 00, 2
TBe = 120% B, 2

VB:A — TB:A — 0

—4 32

(Y1 +93) Pt w yaysu(l — ’u,)cu213+27

no endpoint

singularity




® Form factor in SCET

Form factor in SCET Leading power contribution

ENR T
R d

R
i

(b)
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Conclusion and outlook
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® Conclusion and outlook

*Leading power arise from 2-gluon exchange and no
endpoint singularity.

*The b-baryon triplet to octet baryon form factor are
consider.

*We will continue to estimate the b-baryon triplet to
decuplet form factor and sixet b-baryon to light baryon
form factors.
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® Introduction

SCET pow counting

=& 41+ Ehe + Mhe + ¢ = PP + 90 + 90 9O 4

PP = ¢,
— ( 1691AJ_C,¢ )QSa

1 ¢+

?:’n_|_6 (ZDJ_C .y gAJ_S + m)

(&wm+gﬁu+n0hi89&s+gAmhiauﬁﬁ—WM)&

s 3) M-
—mgn_Agw) §c + Q‘ASJ)IC 9 qs-
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® Introduction

SCET pow counting

'?7,0=2 ASZ)LC n_ Ahc = ;.7,0:2 n_ AE:Z)

1
(tn0)(in_0

—_

_ gTA

) {(_?37_LTA£C T h-C-}a

— Leading Term

A, AL,
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® Introduction

SCET pow counting

Apr® = (i a)g(m_ 5 {z‘DM[Ach,AZL] + z’DyL([AgL, Ar| 4 [An AH)

in_0
2

’én+3

+ [injoam, 20 an 4, ]] + ;

e Al n_Al| + —— Ak LA

iR, Ay | 4 i A

P TA + ML TA

in,0

Bl TA + ,),lu TA inl 5 Alc) 7—

+ gTA¢, (ALS . !

in, 0
- TA‘S( '
97" & Ao in_afy
2

. LT (3) . 1 (3)

+ ZQTA{ECTA (d; — z'nl_a géhc) s+ h.c.}}.
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® Introduction

Effective current
o J@) =™ YT (a) ‘ J(z) = e [JQ (@) + IR ()

+—J§?(aﬂ-+—J§?(x)-+...]

V=E 4N+ e +Mhe + ¢ = VD + 9O 9@ 1B l

Q = (1+ “7’3) o=~ (e + g by +O(NIR,) Effective Operator

2my, n_v2my




® Introduction

Precision test Standard Model

* With the operation of more advanced
experiments, the heavy quark physics
has entered the era of high precision.

e More and more new resonants and new
decay channel are observed.

B A iy
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Experiments that start
from 2008

LHCh

Experiments that start collecting
results recently




® Introduction

Precision QCD Calculations

* Interesting to understand the strong
interaction dynamics of heavy quark
decays.

e Precision determinations of the CKM
matrix elements.

* Searching BSM physics.




