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1. Heavy quark symmetry
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1. Heavy quark symmetry

Heovy quark symmetry (HQS)
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1. Heavy quark symmetry

Heavy quark symmeitry (HQS)
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1. Heavy quark symmetry

Heavy quark symmeitry (HQS)

Heavy baryon (QgQq)

“Brown Muck' : Light quarks and gluons

() with definite total spin (j),
\IJ J ] quark # = 2 and color 3P
diquark (?¢)

Heavy quark

Wi’rhspin1/2J=J°i‘|/2




Exciting energy

1. Heavy quark symmetry

Diquark phase diagram ¢

Heavy baryon
A Diquarks in light baryon (ggq)

@ @ and scalar meson (qggqg) ¢

\ Color superconductivity and

Diquarks as Bose—Ein\s’rein condensate

f “Brown Muck”
v




1. Heavy quark symmetry
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2. Decays of excited heavy baryons

Transition decay width
Heavy baryon (QgQq)

J=j*1/2




2. Decays of excited heavy baryons
Transition decay width

Heavy baryon (QQq) TT
Y ()} J G) L
J=j1/2 @ Vi,
Heavy quark limit (M—) J | :j | i] /2

L

+ O(1/M)

Y 0’77 o (25 + 1)(20' + 1)

L j J
1/2 J J

Isgur and Wise, Phys. Rev. Lett. 66, 1130 (1991)

Question: whatis O(1/M)?2



2. Decays of excited heavy baryons

Heavy-baryon effective Lagrangian
1. Heavy quark symmetry is conserved at O(1).

Brown Muck
Heavy quark
with spin 1/2 + —

2. Inv. under velocity rearrangement at O(1)+O(1/M).

vow=v+g/M(g/M<<T)

v-frame
“Velocity rearrangement” :
H. () v Lorentz boost between v-frame and w-frame
" Ww-frame UP 10 O(1/M)
w =V +g/M

QXA MWL 150G Lo A R, 65 1994



2. Decays of excited heavy baryons

Heavy-baryon effective Lagrangian
1. Heavy quark symmetry is conserved at O(1).

Brown Muck
Heavy quork
with spin 1

2. Inv. under velocity rearrangement at O(1)+O(1/M).

vow=v+g/M(g/M<<T)

3. Heavy quork symme’rry breaking terms at O(1/M).




2. Decays of excited heavy baryons

(A part of) brief history of “Qqq baryon” effective theory

Brown Muck
spin and parity

Heavy Mass Expansion

LO: O(1) NLO: O(1/M)

T-M. Yan, H-Y Cheng, C-Y. Cheung,
G-L Lin, Y-C. Lin,, H-L. Yu
PRD46, 1148 (1992)

(P-wave decay)

H-Y Cheng, C-Y. Cheung, G-L Lin,
Y-C. Lin, T-M. Yan, H-L. Yu
PRD49, 2490 (1994)

(P-wave decay)

H-Y Cheng, C-K Chua
PRD75, 014006 (2007)




2. Decays of excited heavy baryons

Falk, Nucl. Phys. B378, 79 (1992)
Effective baryon field with brown muck spin |

PR = AR R gy

Brown muck Heavy quark

. .re with spin | spin 1/2
- Constfraint conditions ~__—
PPt H = Ptk Total spin j£1/2
lzpﬂlu.#k..-l‘b‘e...ﬂj — ¢#1...M£...Mk...#j \
UV, Y1 =0 > Cf. Rarita-Schwinger field
H1 ’
for spin 3/2

H1p2e g
gﬂlﬂz"p 7=0 J




2. Decays of excited heavy baryons
SY. PRD91, 014031 (2015)

Interaction Lagrangian at LO+NLO
(J.j+1) transitions -- different brown-muck spin j, j+1 in initial and final states --

LO (HQS conserving) Cf. Forj=0,1; Cheng, et al.,
E(j’j+1) _ NES WA SRS P1°-"PjPi+1 PRDA49, 2490 (1994)
int — ]( +ﬁ1) ( Ylhpl WP
%j, 1) O 1l (it breaking)

- e
H1J K P AT QT "PjPj+1 .
+ ‘ 1 €pjt1poTV A A Gu1p1 9ujp; + h.c.

J=j+3/2, i+1/2 J'=j+1/2



2. Decays of excited heavy baryons
SY. PRD91, 014031 (2015)

Constraint among decay widths
(J.J+1) transitions -- different brown-muck spin j, j+1 in initial and final states --

= 2 1 = 2 1) r 1 (2 1) ;
210, = Uihm] — AT, —Uihr] = D[ — 0] + O1/M?)

sy

3 = (3 2 - (3 2) - (3 2) -
§F[\If§/)2—>\11§/)27r] — 610, = Uhr] = T[U),— U]+ O(1/M?)

4 - 4 3 - 4 3) 7 1, (4 3)
5 T3 = Wipm) — 8T(Wr)y— Uih) = Ty — Vphm] + O(1/M?)

¢ For any =21 ...




2. Decays of excited heavy baryons

SY. PRD91, 014031 (2015)

Analogy

Gell-Mann, Okubo relation

2
Uy

4m3. = Sm,z7 +m

Flavor SU(3) symmetry breqking




2. Decays of excited heavy baryons

SY. PRD91, 014031 (2015)

Interaction Lagrangian at LO+NLO

(J,J) transitions -- same brown-muck spin j ininitial and final states --
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(5:) §
- gZM i“muj ie#lplaﬂiﬁl (¢1)Aﬂ¢2pl ,Lz...“;l/
g§j,j) L <—
+ onf @ 201 i / NLO (HQS breaking)
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1. Heavy quark symmetry
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2. Decays of excited heavy baryons

SY. PRD91, 014031 (2015)

Interaction Lagrangian at LO+NLO

(J,J) transitions -- same brown-muck spin j ininitial and final states --
B E(J J) g(j’j)T,ZflmﬂjismplaﬂvaA’szpl

int

NLO (velocity-rearrangement)
M2 [

i
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2M
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+ 1 piE @ QMf‘MJ NLO (HQS breaking)




2. Decays of excited heavy baryons

SY. PRD91, 014031 (2015)

Interaction Lagrangian at LO+NLO

(J,J) fransitions -- same brown-muck spin j in initial and final states --
- 1 1 1
DO Tr) = 2D0(0), - hr) + O(1/M?)

. 2 2 3 - 2 2
F(‘I’:(»,/)z _>‘I’;(/2) = 5 F(‘I’é/)z _”I’;,(/z)ﬂ) +O(1/M)
. 3 3 4 - 3 3
F(\Dé/)z _>‘I’,7(/2) ) = 3 F(‘Ijg/)z _>‘I”5(/2)7T) +O(1/M?)

¢ For any =21 ...




2. Decays of excited heavy baryons
SY. PRD91, 014031 (2015)

Some numerical studies ...

How small iIs NLO to LO?@




2. Decays of excited heavy baryons
SY. PRD91, 014031 (2015)

Some numerical studies ...
(0,1) transitions

Belle, arXiv:1404.5389

DXt Afat] ~ 1.84+0.04159) MeV

0 \ /\ ( | { 0.09 \ /|




2. Decays of excited heavy baryons

SY. PRD91, 014031 (2015)

Some numerical studies ...
(0,1) transitions




2. Decays of excited heavy baryons
SY. PRD91, 014031 (2015)

Some numerical studies ...
(0,1) transitions

Bottom rbc2014

T[S = AMT] ~ 9.7740MeV
— A — ~ A +'3 Vle

<— 5.1 MeV




3. Conclusion

. Stfrong decays of one-pion emission from
excited heavy baryons are discussed.

. Heavy quark symmetry (HQS) at LO+NLO in
1/mq expansion was considered.

. Relations for decay widths in several channels
were obtained model-independently.

. They will be useful for identitications of the
HQS doublet/singlet in experimental analysis.

. Other higher order conftributions?
(isospin breaking, chiral expansion, etc.)






Noumi 2014
Charmed Baryon Spectroscopy

Using Missing Mass Techniques
Inclusive p(7,D*) Y_**

p(7,D*p)D°

") (plm,D*mY.)

Conducted by the E50 experiment at J-PARC

12



Missing Mass Spectrum (Sim.) Noumi 2014
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2. Decays of excited heavy baryons
SY. PRD91, 014031 (2015)

Constraint among decay widths
(j.j+1) transitions
2w, = Wyjom] = AT (W~ Wyhr] = T(W5—Wapr] + O(1/M?)
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