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Introduction

Investigation of the semileptonic decay modes of A, baryon provide us:
@ Determine the CKM matrix element V,,. V), on baryon sectors;
@ Know more about the inner structure of heavy flavor baryons;

@ Test the Standard Model and explore the New Physics and beyond.

Moreover, we need the non-pertubative parameters form factors, the reason why we
choose A baryon as the object is that:

e A, semileptonic decays are clear channel;

@ In bottom baryon section, its decay modes are abundantent, 75 decay modes listed in
PDG.
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@ Theoretical studies on A, semileptonic decays

Ap — A.: light-front quark model; Lattice QCD; heavy quark effective theory; covariant
confinded quark model;QCD sum rule; relativistic quark model; Hypercentral sonstituent
quark model efc.

Ay — A(2595): light-front quark model; Lattice QCD; heavy quark symmetry; covariant
confinede quark model; constituent quark model; Bakamjian-Thomas approach with quark
model etc.
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© Form factors of A, — AL
@ Light-cone sum rule calculations of form factors
@ An overview of Ay, LCDAS
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Form Factors within LCSRs

For the calculations of A, weak decay form factors, we use the light-cone QCD sum rule
approach.

@ The starting point of LCSR is the weak decay correlator:

Tu(pg) =1 / d'ze™ (0T {ja, (), 5u(0) HAs(p + q)).

@ There are two currents in the above correlator:

Hadron interpolating current j,, and weak decay current j, (V-A).

@ Positive parity and negative A, are related by a ~y; factor. Therefore, we can insert
both the positive and negative parity A, and A.(2595)" states in the correlator.
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The next step is calculating the correlator on both hadronic and QCD level.

The hadronic level representation can be represented as:

(01, ()| Ae(p)) (Ae(p) ] (0)|As(p + g)

T pu—
u(p: Q) M — P
0|4 ()| A% AL(P)17u(0) | Aw(p +
. (Ol @A) (pi)!ju( ) Ab(p + 9) © higher states.
Ar T

Now, the correlator contains both the contribution of A, and A.(2595)" on hadronic
side.
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e For Ay — A, ( 1Jr).

(A1 = A =it B () + 5 B 4,
it B+ 2 g+ B g o 5+ 050,
o Forthe AY — A* (37 — 17
(el (1 = 2508 =) b ) + 2 s B g o (4 0.0
)i+ B ot + B 4 )
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@ Another form often used in Lattice QCD:

(Abeyu (1 —v5)b|Ap)
_ ¢ M, — M ¢
= au(p, s1)v51/o(Ma, + MA;)*Q +ﬁ587[p“ + 't — (M, — M3, )?]

2 M+ 2My H o Mp, + Mps
<pt — L]+ govs(Ma, — MA;)% + gﬂ5$[p” + p*

OMpe  2M,
~ (M, - M3 L ] + gLt — =t = = Y, (P, 52)
q St St

o
+ "+ = -

@ The transformation relations of these two types form factors are:
q* 2

fi= 5 =11 =— ? ;- ot
My, (Ma, + My:) ! 90 =7 My, (M, — Maz) %~ 90
' q?
* My, (My, — My:)"? 1 T+ Ty, (M, + MA;)92 g1
«  Mar — My, Mas + My,
fi= My, f f17 g1 M—Abg2 — 01
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(1) Scalar: j; () = es[u(z) Cd(z)]y5c(2), no contributions in sum rules;
(2) Pseudoscalar: jy (2) = eg[u(z) Cysd(z)]c(2);
(3) Axial-vector: j3 (z) = eglu(z) Crsy, d(2)]” ().

@ For the pseudoscalar current jfc, the correlation function T),(p, ¢) is given by:
T,(p.0) = [ dae? (O[T (.5, 5,0} Ao + 0)
=i / d'2e*( 15 ) ap Sor ()1 (1 = 75)] o (Ol () by () 05.(0) [ Ao (p + 0)).-

e For the axial-vector current j :

T.(p, ) = i / HaeP (O[T (2), 50 HAs(p + )

=1 / d*2e™*(Cr5%)ap Sor () 1 (1 = ¥5) ]y 7p Oleiirts () dy ()65 (0) [ Ay (p + )
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Definition of Ay LCDASs

@ The red part matrix element (0|e;u’!(z )dﬂﬂ( )05 (0)[Ab(p + ¢)) can be defined by:

| zjk<0|u1 (tln)d] (tgn)bk|Ab>
a«)‘ [u(t1)Cyspd(t2)] by|Ap) = Y™ (4, t2)f</\1b)“"r7 fv+f<A (1, t2) (s CT )Batinyy (V)

5 0] [u(t)C50mnd(2)] by ) = v (11, ), ¢ : SEDW (11, 1) (35 CT) sty (1)

_ ) _
(Ot )Cse)] by A0) =0 (s I L2, )05 0t ()

v (0] [u(t)Crsrd(t2)] by | Ap) = ™ (t1, ) 1y
1+ (0] [u(t1)Cyshd(t2)] byl Ap) (1, ©2)fy, ty +*1Tf(Ab "t 12) (s O )t (0).
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e Forthe A, — A, form factors, we use Type V LCDAs of A, in LCSRs:
@ Type V:

~ 1 1
Uaw, u) =w?u(l — u)[ e/ 4+ 0, O3/ (2u — 1) e7/],

€0 €1
~ w
s _ —w/e3
¢3(w7 U) 26% € )
To w —w/e
Vg (w, u) = (2u —1)e ',
2e

Yy(w, u) =BN /SO dse™*/"(s — w/2)?
w/2
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e And other four A, LCDAs models are also used to calculate A, — A.(2595)" form

factors in LCSRs:

@ Typel:

anp, Cg/ 2u — 1
o (w, u) =w u(l — u) Z 54 # ﬂu/sn

n=0
- w 2 an C, (2u—1)
i N n/ —w/en,
P3(w, u) 2 ”ZO & 7‘01/2|2 e
2 1/
- anp Cp' " (2u — 1) /e
Ba(w, ) = o D emw/en,
2a lc/ 12
@ TypeIl:
wu(l—u) _ /0 s Y w/w
Yo (w,u) =———F——e 0, yY3(w,u) = —e o,
“o
wRu—1) _ /0 1 /w
05 (o) =2 0y ) = e/,
Qwo w§
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@ Type III:

15w2u(l — u)(2A — w)

Yo (w, u) = A5 6(2A — w),
s 15w (28 — w)? _
i) =02 — w),
. 15w(2A — w)2(2u — 1) _
Pz (w, u) :TOQA — w),
bty =2 0k oy,
' 8AS
@ TypelV:
Ap
P (w, u) = 71w2(1—u)u/50 dsefs/f(s—w/2),
w/2

dseiS/T(s - w/2)27

-1 Sgb
N w/
w/2

Ap
'L/:g(w,u) :14—5N w(2u71)/;2 se_s/T(sfw/2)2,

3w, u) =

Pa(w,u) =5N " /55)2 dseig/‘r(sfw/2)3,
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@ There are twelves Lorentz structures and corresponding coefficients both on
hadronic and QCD side in total:

Tu(pa Q) :Hvu Uy + H%ﬂ/u + Hqu G+ Hvuﬁ”uﬁ + H’Yuﬂ’yﬂg + Hquﬁqﬂg
+ Iy, ns 0u¥s + Loyns Vs + Ilgs quys + 11, s UnflVs + I, s V5
+ o s Qu Vs

On the hadronic side, the coefficients 11, contain form factors;
On the QCD side, they are functions of momentum transfer square ¢°.

e Next, we will extracting the form factors from the two side use of correlator.
1. Matching the Lorentz structures on both side;

2. Using Borel transformation to suppress the higher excited and continuum states.

3. Obtain the form factors.
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e Form factors deduced from LCSR only functions on ¢*> < 2.5 GeV?, we need to
extrapolate them to the entire physical regions.

o The following fitting formula is used to do this manipulation:

Y o) =L UG (b [o7) = 0]

+ by [A(P)? — 2(0)%] + 1}.

z(qz t()): \/t-‘r_qQ_m
RV e

where ¢, and {; are given by:
2
ty = (MAb + MA?) s

to = (My, + M) - (v, — /Ma:)

2
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o Fitting the form factors on the data range —15 GeV? < ¢ < 2.5 GeV?, ¢* larger
than 2.5 GeV? sum rule will break down.

e Form factors on the whole physical regions m; < ¢ < (M, — My,)*:
LQCD(disipative points): wnear 1.01 and 1.03. LCSR(shadde bands):

2@

¢ <2.5GeV? w>1.23.

1.0 1.0 0.5
0.8 0.8 0.4
0.6} . ~ 06 ~ 03
T = =
___________ G R
0.4 e T S Tsa—— L
0.2 02} 4o 0.1
0.0 0.0 0.0
100 105 LI0 115 120 125 130 100 105 110 LIS 120 125 130 100 105 110 LI5S 120 125 130
w w w
0.8 1.0 2.0
0.6 08 15
~ 06 4} . - {‘Y

0.4 s i R

"""""""""""""""" 04 S

'R
2l 0.5
02 0.2
0.0 0.0 0.0
100 105 110 LI5 120 125 130 .00 105 110 115 120 125 130 100 105 110 115 120 125 130
w w w
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e For the weak decay form factors of A, — A, they have the relations:

fl(qz) = gl(qz)af2(q2) = f3(qz) = 92((12) = 93(q2)

e Form factors of A) — A} by using Type V A, LCDAs and jj :

() 0.534+308($§3 —2.883f?2jg§§2 —15.991;%?0{%;
L(@) —0.0547007 —11.47473350  34.9347758%

e Form factors of AY — AT by using Type V A, LCDAs and jj\‘cz

£1(0) = g1 (0) = 0.6441 7353
£(0) = f3(0) = 2(0) = g3(0) = —0.1001“8:835
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e Form Factors within five different A, LCDAs models for A, — A.(2595)":

ix, i
77(0) by by £:(0) by by
0.0877000  3.I3571%7  —31.00573570  —0.250100%  —2.070735%  —18.173% 1745
—0.070%0015  —4.1317335 13180155055 01991007 —15.683755%  70.54911550
0.023%000  —6.1107020  5.2447P90 01227005 —9.05670%;  27.885 50

T)

T)

T)

T) ;i

¢) —0.0277000  —21.24679%0F 11844173501 0.068¥003  —20.416707% 110.73871%50!
5:)) 0.136700%  —8.401%052 1711575288 —0.150100% —16.659701  83.4887%%)
7)
T)
7)
7)

A,LCDAs f

Type I

Type 11 .

5 —0.168%00ca  —24.2777 408 143.3057115;,  0.0757005  —33.299705%  231.369750507
Type IV N 0.024%000  —8.51350%] 195957330 w.mtg;gi@ —14.680%0:20 68.608&;33;
o —0.03079019  —24.590F0957  147.657F5 04 0.0497097  —28.3737015¢  183.9217 4%

0.057%302  —0.5217033) 2423972997 04661019 4.6347186  _50.227F5568

—0.05610 05 —11.977F1200  40.73253%077  0.406100ss  —9.2067735  20.098T4%2

(
(
(
(
(
Type 111 1*((
(
(
Type V iE
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o Differential decay widths of A, — A.(2595)¢7, (1"

Gyl Ve My, — Mi; (¢ — m)”
d@ 19273 203, e 3773

e Helicity amplitudes:
2
Ha o =|H o+ [Hoy o2+ [Hy g2+ By 2+ 42(3\1{1 2By P |H P

2
FIH_y g2+ [Hy o+ [Hoy of2)

@ The relations from form factors to helicity amplitudes:

@fwﬁhwmﬁmﬁﬁy1@=W§W@m—£ﬁm]

HY = V20 |8 = 3B = VIO | + 3.

@;M%WmmﬁmﬁyﬂgziﬂMﬂﬁﬂmwﬂ.
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e Branching ratios of A) — AF~0:(j = jk LA = j1)

Table 4 The decay widths and branching fractions compared with other models. The first and second values in the I” and Br columns of
AY — AFe=vg stand for the A — AFe~v, and A) — AF =7, respectively. Al the data listed are the central values

References Decay widths I"(x 1010 s_l) Branching fractions (x 10'3)

I(A) = AFEvy) I(A) — AFt=vr) Br(A) — AF7v) Br(A) — Aft=vr)
LHCb [1] - - - 1.50
DELPHI [2] - - 5.0 -
CDF [3] - - 73 2.0
[5] 54 - - -
[6] 3.52 L12 6.04 1.87
7 - - 6.2,6.3 -
(8] - - 5.59,5.57 1.54
91 50,77 - _ _
[10] - - 6.47,6.45 1.97
(11 3.61 12 - -
[15] 442441 1.39 6.48, 6.46 2.03
[16] - - 6.9 2.0
[18] 4.11 - 6.04 -
[21] - - 5.34 1.78
[57] 59 - - -
[58] 5.1 - - _
[43] 539 - _ _
[59] 6.09 - - _
[60] 5.01,7.61,2.73 - -
[61] - - 6.3 -
[62] 5.82 - - -
[63] 5.02,5.64 - 6.2,6.9 -
[64] 4.50 - 6.61 -
‘This work j} 3.95,3.94 1.08 5.81,5.79 1.59
This work 3, 4.60,4.57 1.09 676, 6.73 1.61
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@ Branching rations of AY — A.(2595)" (" v,:

7 2
A, LCDAs model Decay channel Decay width T' (x| Ve >< 1071 GeV) Branchm&, fraction(x 1073)

]A, Jx ]\ ]‘/\4,
A — A (2595) e i, 0.24770%8 2.33627 309 09185854 8.69223%%
Tvpe A” A(2595) ", 0.245%0 ”‘ 2.3251228 0.913+31 8.649199%
P A“ O\ (2595) =7, 0. 046*38;; 0468*8323 0.1727028 1 741408
MA@ DI oo oo
e Mo MG oonl ol ool own
A) = A.(2595) 770, 0.0045590 0.20170,467 0.0157991 0.747 tooa
A = A(2595) e, 0.77019362 1.499+ 5617 28647580 55761513
A) = A.(2595) i, 0.76610 )8 14947161 2.850 3800 5558134
Type III AD = A(2595) 77, 0. 148*8533 0.42370459 0.5507081 1 57941058
A — A (2595) e, 0.025+09%% 0.754+57%9 0.09210.0%  2.8041252%
Tyne IV A§ = A(2595) 7, 0.0247002 0.751 0508 0.091%00sy 27947755
P A9 — A(2595) 70, 0. 005*3 822 0.214703% 0.01870050  0.7955075%
A9 = A(2595) e 7, 0. 111*3 102 641875238 041410350 93 g75+i2101
Type V A) = A(2595)pw,  0.11115422 6.3807535 0. 412*?J f§§ 23. 7;”;358?
P AY — A (2595) T, ()1)2018_8%3 1.04950:32 0.0755005  3.903%1 548
PDG A9 — A(2595)T (7, - 7.9739
AY — A.(2595)F e 1, - 17.3£5.9
LFQM A9 = A(2595)F 1D, - 17.2+58
AY = A(2595) 7, - 24+1.1
A9 = A,(2595) e, - 8.6+ 1.7
CCQM A = A(2595) T D, - 85+ 1.7
A9 — A.(2595) 7D, - 11402




e Lepton flavor universality ratio R(A%) = Br(A) — Atr~0,)/Br(A) — At~ v,):

For AY — AT~

References Exp. [1] [2]

Bl (4 561 [71  [8 [9]

(0] [y (21 4, 4,

R(AT) 0242 031

0.28 0.333

0324 0313 0294 029 033 0317 0332 0274 0239

For A — A(2595) "¢~

This work Type I Type 11 Type 111 Type IV Type V
R(A) 0.2017001  0.2577000  0.25370.00F  0.28570008  0.16470:008
¢ 0.18810:00  0.18910:055  0.193F0055  0.19379501  0.18275:0%
References [13] [14] [15]
R(A?) 0.14 4 0.01 0.21,0.22,0.26, 0.31 0.13+0.03
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Conclusions

Form factors of A, — A.and A, — A.(2595) are calculated within QCD LCSRs.

Both the positive parity and negative parity A, and A.(2595) baryons are considered
in the same LCSRs.

Five different A, baryon LCDAs models are used, and give us more insights on A,
LCDA:s.

Within the helicity form of semileptonic decay width, the branching ratios
Ay — Alpyand Ay — A.(2595)00, are also given in our work, and also R(A}) and
R(A:(2595)).

In order to know more precise phenomenology results from LCSRs, more
information of hadron interpolating currents and LCDAs should be investigate more
thorough.

Thank you!
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