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1. Heavy quark symmetry

Heavy quark symmeitry (HQS)

Manohar, Wise, Luke, Grinstein, ...

Heavy baryon (Qqq)

“Brown Muck™ : Light quarks and gluons
\IJ (J) definite total spinj quark # = 2 and color 3°o
J ‘

Heavy quark

spin 1/2 J=Ji'| /2
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1. Heavy quark symmetry

(1) Heavy Hadron Mass Spectrum
A Z e Spin 3/2 3/2, 1/2 = HQS doubleft
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1. Heavy quark symmetry
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1. Heavy quark symmetry
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Exciting energy

1. Heavy quark symmetry

(2) Diquark Phase Diagram

Heavy baryon

A Diquarks in light baryon (ggq)
@ @ and scalar meson (ggdg) ¢
1I(JP)=1(17%), 0(1-), 0(0), 1(2°), ...
\ (Exotic) color superconductivity
Diquarks as (s-wave, p-wave, d-wave, ...)
f “Brown Muck”
“
|(JP)=0(0%)







2. Decays of excited heavy baryons
Transitions by strong decay

Heavy baryon (Qgq) TT
Y ()} ) L
J=jt1/2 Y,
Heavy quark limit (M—«) J | :j | i] /2

L

Y 50’77 o (25 + 1)(20' + 1) +O(1/M)

L j
1/2 J J

*Conservation of “spin” of brown muck: j=j'+L  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
Vv
W-frame  UP 10 O(1/M)
w=V-qg/M
H,, ()
Luke, Manohar, PLB286, 348 (1992), Kitazawa, Kurimoto, PLB323, 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 velou’ry rearrangement OTO(] +O(1/M).

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

3. Heavy quark symmetry breaking terms at O(1/M).

49 # )



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 |
’l'bl'l'l.““j — A/‘l’l'"”’juh

Brown muck Heavy quark

C el Sl with spin | spin 1/2
- constraint condiltions \/

Ny ...u; Positive-energy -
H1pg 1l

¢M1-..uk-..ue-.-uj :’tp“lmﬂem”k""‘j N

vm'e,b“l'"“j —0 > Cf. Rarita-Schwinger field

g2 gy
Guipa® =0 Y

for spin 3/2




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 --

(g 1) LO (HQS conserving) Cf. Fori=0,1:IgthDeLT?g,;TQSI.(,]?%)
J,J+1) (4,7+1) 7K1 g P1 " PiPj+1 o :
‘Clnt = g ,Lpl 2 Gu1p4 gujpj

g§j,j+1) NLO (HQS breaking)
—M ---,_ll - p ---p-p -
+ M ¢1 1 @UTUPAGST S J+lgu1;01 " Gujp; + h.c.
Pauli-Lubanski vector St = _175( “yﬁ — v“)

(spin operator) 9

\IJ(J J Dwove \IJ J+] J’+7T

)

J=j£1/2  1'=j+3/2, 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[ — U]+ O1/M?)

iy

3 = (3 2 - (3 2) “ (3 2) -
§P[\If§/)2—>\1/g/)2w] — 610, = Uhr] = T[U),— U]+ O1/M?)

4 - 4 3 - 4 3) 7 1, (4 3)
5 [T = Wim) — 8T(Wr)y — Urh) = g — phm] + O(1/M?)

¢ For any =21 ...




2. Decays of excited heavy baryons

SY. PRD91, 014031 (2015)

Analogy

Gell-Mann, Okubo relation

2
Uy

4m3. = 3fm,27 +m

Flavor SU(3) symmetry breqking




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

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

Belle, arXiv:1404.5389

DXt Afat] ~ 1.84£0.041590 MeV

0_ AT, 70| 0.09 1\,




2. Decays of excited heavy baryons

SY. PRD91, 014031 (2015)

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




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

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

Bottom rbc2014

T[S = AMT] ~ 9.7740MeV
— A — ~ A +3 Vle




3. Conclusion

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

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

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

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

. Ofher confributions except for 1/mge
(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
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1. Heavy quark symmetry

'Cheaquuark — Q(ZLD_ mQ)Q D,u — 8# — igAZTa

1/mg expansion

(positive energy state Q, with velocity v)

Manohar, Wise, Luke, Grinstein, ...

— _ (iD,)? = G
ﬁHQET=+Qv( Wj_) @ — L& ZmQ Qv+o(1/m2Q)




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 --

j > ] El(lezcj) g(j’j)T,Ei“muj’igplplaﬂvaA'szpluzl,\,l,b? (velocity-rearrangement)
goN .
T oM L zsﬂlplaﬁZDL(¢2)A (05 pio- 1k
(5:) .
- gQM flmuj ie#lplaﬂiﬁl (¢1)Aﬂ¢2pl ,Lz...“;l/
g§j,j) L <—
+ o @ 21 i / NLO (HQS breaking)




[MeV]

249¢

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

- 2 2 3 - 2 2
F(‘I’:(»,/)z _>‘I’;(/2) = 5 F(‘I’é/)z _”I’;,(/z)ﬂ) +O(1/M7)
. 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

Constraint among decay widths

(j.j+1) transisions
~ 2 1 ~
2107, — ihr] — AT (@

3 = (3 2 -
§r[\p§/>2—>xpg/)27r] — 61w

(2) (1)
5/ W3 /T

3 2) |
sn > oo

4 s 4 3 hd 4 31 1
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SY. arXiv:1408.3703

+ O(1/M?)
+ O(1/M?)

+ O(1/M?)




2. Decays of excited heavy baryons
SY. arXiv:1408.3703

Constraint among decay widths
(j.j+1) transisions
2wy, = Whjom] = AT (W Wyhr] = T(W5—Wapr] + O(1/M?)

3 .
§F[‘If§3ﬁcmple'j=l - \0(1/M2)
3} ( (1,2)2 9(1’2)91 ’ ) K(2,1
9 3/2

1. @ g _ 9 |
g F[\I F[\113/2 _>\I’1/27T] 18 M /2 9(1/M2)
2 1 1 2 49(1’2)99’2) 2.1
Y e

(2) (1) L (122 9(1’2)99’2) (2,1)
1_‘[\1’5/2 \113/2’”] = S l9 7 + K5)53)9



1. Heavy quark symmetry

Heovy quark symmetry (HQS)

Light quark+gluon
77O MeV K* Spin 1 D " Heavy quark
A 890 MeV B* m
A 2010 MeV
5325 MeV
630Mev ............ 390M6V140Mevm
5280 MeV
1870 MeV B




