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1/m corrections to heavy baryon masses
in the heavy quark effective theory sum
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Abstract

The 1/ carrections to heavy barvon uisses ave caleabited from e
QCD sum vules withun the fnework of the heavy dquark cifecon e he
ory. Numerieal results for che vy barvous are obtamed. T vnph

cattons of the results are discussed.

PACS: 1238 Ly, 12,39 He, L1200y, LE20 My
[\’4:1/!“1!1'(/:&. 1 ’Hl() correcnon. heavy !».u'_\'nll 1SS, |1|';|\’_\' lllmll{ NIRRT

theory, QCD siun rule.
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Heivw hivyons provede us i teating ground to the Standdard Model (3)M), especially
to QED i som aspecis. With the acaumulanion of the expernnental dath on che
heavy biaeyons ore veiable theovenical calentanions are needed. althougl ~ome of
them ace rather complicated. Within the framework o the heavy quark effecrive
theory (HQET) wineh s a inodel-dependent wethod. the theoretical atilysis to
the Ay biyons continnng o sigle heavy quark s comparatvely <imple becanse
af the heavy inack svinmetry {1} However there ave srill « wantities in rhis framework

which need to be determmned from nonperturbiuve QCD

QCD s 1'nlu/|2|. winchis regarded as a nouperturbanve method rooted in QCD
iselt, b been wsed snceesstully to caleulate the properues of various hadrous. For
instiuces, besides the light mesons [2), light barvons wire first considered in Ref,
{3]. Heavy meson propertics were systematically analyzed within the HQET [(4.5].
Heavy baryons weie first discussed in Ref, (6], -hen masses sud gur-Wise funcrion
foor lu':l\i' 'Aill}'nlll:x wepe (Jlll‘ul;nln:(l m rhe ”(2[:-[ ro e 1‘.|(ll“% ol ll!::l\'. :Inin’l\'
cxpansion i Relso (7 aud {8} In Ret. (94, dhe valeulnnon for the hieavy haryons
begon wich the Tl theovy and vesnlts of the cabeulition were expanded by heavy
quianck tasses. Inodos paper, within the faonework of she HQET, we study the heavy
bharyonic l\v‘n»pum( contelators to the subleading ovder of she heavy gnark EXPANSIOn

by QCD s ende sud obram resules for the heavy baryon masses to that ovder,

fiche HQET. the lcavy guack mass g wurch s detined pecturbatively as che
pole wiss las beeu vemoved by the Held redetnmion,. T e heavy quark Held byois
defined by

PoQe) = expl=ung: - ryhi(x) (1)

where 220 = Yie o Lo the onder of Lfing, vie clicounve Lagrangtion loe the heavy

[T
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As for tne 1/rng terms, the st one sull conserves heavy quink spin synunetry e
15 the liar werm wineh viokas the spins synunetry, The heay baryvon mass Vs
expandod s {10]
N A - !
MW=mg+ Vb —— 3 —— < g > +0(—-) (5]
tig ] iy
where A s the heavy baryon prass in che heavy quack limic, whics. has been alenlarod
in Ref. 7] 0% and 6AC paramcterize e spin-conserved ana spn-violared L
corrections respectively. All of them characterize the properues of the light degrees
of freedum. sq denotes the heavy quark spin, and ostands {or the total anpula
momentim of the light degrees of freedom. For Ag bacyon, 8% terin vanshes o
Sg) barzons, both 0A% and 9AC terms ace nowvanishing with .~ g -5, - = -1 [

g and '~ for £5.

The teavy baryouie currents ¥ lave Leen siven in Rofs, o and {7 i rhe rese

frame v e heavy baryons, Geoerally they can e expressoed o

= (ubr.{q?'u(:l—\'_‘li)rlhc L

v >

where C s che chiirge conngans matnx, © s o tlvor X, Canet U ace some camna

natrices . and o, b e denote aie color mdiees. U and Y can be o osen covarantly as

Fa =4 Y =1. By

for Ag havvon:
Ly =4 Py o= (0" - y*)ys . 10}

for £y Lirvou;

~ — v A e T ! T b on 2 uow
Pe- = Pae= =™ b 299" = oo — ) - S i)
3 $ 3
3

tor ¢ baryon. The chowee of I is noc umgue. Anosher kind of baryonic fucrent can

be obcamned by wserang a luctor 6 hetore the T in Eqs. 15-7). The currents siven
- (=) / l o
by Eagse 03-7) e denoted as gy, and that < 20 mser 1o as 1f- We dehne the
"baryouic decay constant” f in the HQET as lollows
- U'j"!.\q P PRl

OIS - = apa (3)

BT A L
0l Zy - ale i
where w s che spimor and u, 15 the Rarita-Schwinger spinor in the HQET respectively.

I wsthe sie as fyomthe heavy quark i s the mase expansion (3). the square

o f coan be expanded 1n the siane way,

b, KT sper L 1
/‘=/‘+—j S 0=, (9)
IILQ 'IlQ Ile

’ . 2 ;2
where f2 denotes the leading order result and o f%? and 04" the spin-conserved and

spin-violated 1/ig corrections respectively.

The tea-poins corcclator Dw) which weé choose for sam rule analyziug i the

HQET in

l‘.,iu) == z/ WAL “lTj:(l n»/:((J)]U - ) = 1.2, (10}
where w = 20 -k The hadrouie veprosentation of tlus correlator is
22 [SEEYLTRY L2 ay g

fotw) = (5 . - — . S fores. 1

w) (2_\ —w g (2A —w) w20 -—w V2 res (11)

witere oA aud 8 f4 stand for the 1/ correcnions in Eqs. (3) and (9). On the other
Land, Ty van e calenlated in terms of quank aud gloen language wirle vicinun
sondensares. Ths establishies the swn rule. e nse the commonty adopted quark-

hadron duadity Ty the resonance part of Eq. L),

fof et 2 (12)
: _—

< ~ !

pert
R l/"“' 'Ihn l",, w')
w

where l"l':“ w ) decotes che pertrbitive conoincion. and o, 15 the contimun thiresh-

ol o vl works we shiall consider ouly the digonal corvelintors (¢ = 1)



The caleulations of ey are stianghiforwan, The nsed POt gaiige b veedd (4
Al the condensates with dimcusions lower than 6 are retinmed. We also melade [
dincnsin 6 condenzate - g O)g ) - o aaivss whicl oo o outolnaon

We use the gaussian ansiiz tor the distibation spacerine tor s condeusare |12

L che beavy quack boat we have double checkaed e analyses o Ret [0 W e

the tollovany, values of the condensites.

\ .
g o= =023 Gebb
T, GG > = 004 GeV?Y (13)
gy Gy e = /u(‘; oy g = U Gl e

When o, lies between 2.1 = 2.7 GeV for Ag and between 2.3 —~ 29 GeV o fo L‘(Q'), m

stability window exists. Ve abtaan

tih
f1= (030 000 x 107 GeVE |
or Ay bivvon with w2 235 Gel;
Ap o= 086 E00L G 7
. ]
fEo= (LT a0y <t Geve
for Sg] barvon witly we = 2.7 GeVo The normaazsdion Ter's = 1 has beci ased )

the analysis. Compared with Ref. [7]. the numeneal eesults e slighaly sl 1l

riange ot the Borel pariuerer s the sione T =0 4 — 0.7

The Vg correctnions to the twa potnt corrciator Fiw ) can be cabidared by oy
cluding msernions ot the Ug operators of the Loevimgion (21 witli ata bod methioed
which s shown m Fige 1 The insertions of sprevonserved aud spa-violared gy
ators are caleulated separately, The tnal forns of te s miles are obianed e
perfornnny, Bovel transtormation. Witk souse sticple teieks 5] vhe s cades tor

mass ad £ oean be sepavited, The vesalts for the mass ol A barvonc come a1

o

RYRITIE Guserved speralors (mly (4\.\,\ = O;\I)\\ )

\ ™
LAY = ~ s —{a, .
" W62 dT ™ ‘
Tty (16}
by = e,
1673 4T
where
I 2 : . e
B cwe S T g iy ot _my 1w, GG AT
o = ——./u st = T et 257439 e N
. 1 = o —uiT lllé gy 2 ':"i ol 7w, GG = WMyT
fy, = (27:4/‘ e + T e Tl 4 — 7739 T R
(17}

andthe subsenpis and 2 denote j7and g3 vespectively. The sum rule for £ of Ag is

af} '——l(1+ d )M
AT T8 dln T’

The masses of haryons Zg and 4 are given in terms

deterimmned by e tollowine s vndes,

\\'ll('l“

2

P\ =X T', _'i[é\
o 16 f2 AT '
kL LT
e Y R
T d .
=0AE ——
ke 16f2dT 'F

s [ e 6 —uy 1 f;l/t'z) Y 2 _m
]5':‘ = / 1luwc’+———————T PR E -

3 e T P R
IR ,m,l," / o 8, eIT F'Mﬁ_ﬁﬁ
: 2025 Jn T
- TR AT
I = —5 T4
Che o eales i f e ziven by
Ko | 4 e
ofty ETL I ey SRy
/e 8( ’ :/lnT) o
6

(18)

AKX and 809 They are

(19)
52 a,GG ~ ey AT
1 )e .
25733
) i1, GE >t kT
255793
(200
(21}



[t can be seen thae while the 1wo dingoual st ides cotnerded il cach othior

luuthug arder. they are no longer the saoe for - P eonnerved L/ g covren o

The numerical s rule reswlts for the 1o corrections are given i Fabbe § ool
Figs. 2.4 The wumerical ditferences tesalouy rom the differ e chotees ol Y are

uot sigmiiicant. The values of we are sencrally snadler than the feading order vo-ale-

but sull lie e allowed vange of the beadime onder resalis, | e ot Trnn o ke
S
Borel paramerer T = 0.4 is deternined by veqpuiring thit she coudensates e 1
CLT) and (200 have Jess than 0% coutabnnon, The npper e T = 50 s olianed
by requining that the pole contrbunon s over T This window s darrowor @l
l D [

the leading order one. In the window T = 04 — 0.6 the resulis lor AL and 0N e
comparatively stable. However from Fig. [ we see that 0N his 1o good stabailiny
m this window. Tlas is becanse we have noe uieluded e Fevnman Dagrams wirh
internal glhuon hues whiclt are exprecred so be importane for SPHC Violated o

T]u:l'n*[‘uu: the value n.\g e Table | s ot el

Frow s and ney, (1], we derermnue e locavy quinth tiesies e, = 1 obE UL

and oy = 403 GeV. These valies sive the tollowing vesades,
g, =253 Gel’ crige = 2506 GeVogny = 583 Gev ctiye =k Ge 122

From rthe disenssion above we know e wehividuid s viloie loep. (22) ~ulters

from the maconracy of 8AE. The quantines

1 -
“tioy + Ziige ) = 2050 Gl b, 0 Dy} Do ]
; < ’ B

are independent of 0A¥, therefore more relinble Experimentally sy = 2453 ¢ 1) 2

MeV [14]. There s an experimental evidence for AT 2530 £ 7 WleN 1

It we ke rthos valone for gy, we hive I|‘”'“3' b gy [ERTRIY PR G N T
reasonible awrcement with the theorenend valiue Eqe 0230 The sovod o

Eq. (23) can Le checked by the oy serrncni o b near B
| y !

Fo conclude, we have ealeufared the Luig vorvec 1ons 1o the heavy barvon masses
ot the QCD s eudes within the framework of (1o HQET. This study vefines the
eadhing ovder aaly as {70 Furthennore wichin this [tanework, we can sty the
theeepomt correlators which will give the form etors b the weak transitions of
the heavy boryons 5] 1o the order of Vg, Iris also viable o meludi 1he QCD
vindiatve corvections e rhe leading ovder and sableading ovder calenlations. Botly of

AN

these two aspects are ander onr sllul)'im.;.
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Figure captions
Fig 1 The subleading operator msertions velevane to our HYTERR S T

g 20 San vules tor oAy wieh (a) J[‘ and (h) h" e = 20,21 2.0 GeV for solul.

dislicd, dash-doscd curves respectively. The sum rule window s £ = 0.4 ~ 0.6 Geb',

Fig. 3. Sumn rules for oA with (a) J;’ and (b) /5’ we = 22,2427 GeV for solil.

lished, dash-dowed vinves respectively. The swan rule window s 7 = 0.4 — 0.6 Ge\'

Fig. b Swi gk tor 00§ The sum rule window is T = 0.4 =0 6 GeV.
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Table v

Table 1. Numerical resalis tor o\ aud o2

pANGeVH) AK(GeVY) aNEGATY a0 Gevh) aFER G ST GO

. =2.1Ge\ we=2:GeV oot LG e GV
j;' 0092002 0222002 003002 —~1.201 0.05 0.74+02 S0 E
J2 Y09 E U003 021 002 003002 ~0.3+£0.1 08401 il e o
2| \
f[o]
}—_A
1!
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