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THEORETICAL FRAMEWORK

e Hadron mass decomposition: m,, = Z 1t Vm Z 6, 1 ﬁz(zs) (G"G,)y
q q >
® Sigma term: quark flavor contribution o, ; = m_(qGq) g, where (Gq)y with

(O)y,=(H|O|H)/{H|H) can be understood as the condensate of quark and antiquark within the
hadron H.

e Scale violation of quark mass dimension y,, = —a, + O(asz)
T

pla,) 11 Ny ,
e Gluon trace anomaly part: = ( | )a, + O(a;)
20 3t 12n

0
e Extract sigma term: Feynman-Hellman theorem o} = m;* p " — or directly 3-pt calculation.
m




THEORETICAL FRAMEWORK

® Bottom quark sigma term contribution: proportional to the number of valence bottom quark, just
like charm quark case.

[ [ 3 valance light quark cases 2 valance light quark cases ¥ 1 valance light quark cases A 0 valance light quark cases ]
0.06 . i
—— o} AI\I A ‘
> B - - |
© 0.04 ) M c 7
o~ [ A 2 — A o E
_~ = 2ip |
k= ™ SZ —
© 9 | - 4 = = = _ 1
0.02 4 = ¢ 0, vf Q; = = -
! 4 4 X A 7 . v 2. Qu |
. T A A&
O(OO
).8 . _ ]
- [P 3 valance strange quark cases 2 valance strange quark cases V¥ 1 valance strange quark cases A 0 valance strange quark cases 1
— 0.6 0 ]
- [ ]
: - 1 |
:5 ] ) | . Ze = |
S 02} g ¥ A v ¥ e S PP )9 ]
: N é Y A Y ).4,. _i V i V 0,..
I X A A
0.0 Foeme BB B h A
(> 3 valance charm quark cases 2 valance charm quark cases ¥ 1 valance charm quark cases
Q.
= 3 B -
c‘
bl o p— 1
— ‘:‘( 2 P - * o b
i~ g “ e Szr'r J
= et Bolun Hu, et.al, 2411.158402 ;
o olun riu, el.dl, . 4
- A, % = EL Q. % = o *
1 F v ¥ v v v v v v .




NUMERICAL SETUP

Ensemble information

® CLQCD 2+1 clover action, 6 lattice spacing, several sea 7 and #, mass and different volume.

0.105fm: C24P34 C24P29 C32P29 C32P23 C48P23 C48P14
0.090fm: E28P35 E32P29 E32P22

0.077fm: F32P30 F48P30 F32P21 F48P21 F64P14

0.069fm: G36P29

0.052fm: H48P32

0.038fm: 164P30



NUMERICAL SETUP

Bottom quark action

Anisotropic clover action for bottom quark

So = a’ Z Olmy + 14V — 5v2 + ”2 7,V — —vz) — Cp— Z o0iFoi = oy Z

1]1

Z. S. Brown, et.al Phys.Rev.D, 90(9) 094507.

0-step stout-link smearing

L. Liu, et.al Phys.Rev.D, 81 094507

1l +v U
9CB=_

Clover coefficients ¢, =

u() P. Chen, Phys.Rev.D, 64 034509

3
2u0

Turning the values of m, and v to satlsfy dispersion relation and physical Y (1S vector
bottomonium) mass:Ey(p)* = mV +c’p?c =1, my = my = 9460.40(10) MeV

Empirical formula of anisotropy v for bottom case
Sinh(cmya) .
) + Cge My ] Wlth

U = ><[1+cl(m — )+cz(m — m?

cmya ﬂphy NsPhy

¢ = 0. 6130(11) c; = 0.247(39), ¢, = — 0.008(35), c; = 0.063(54)
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NUMERICAL SETUP

Interpolating field of bottom baryon

*single heavy quark:
® Spin-1/2, T-type: T : €’*PT(QICy°q,)q. . For Xy, qisuordand for Q, g is s.

. 1 , .
e Spin-1/2, E-type: B : — € P*[(¢/ Cr’Q,)q. + (¢, Cr°Qy)q,] where gisuord,q =s.
2

: 1 :
e Spin-1/2, A-type: octet lambda A, : —e“*P*[2(q}Crq;)Q,. + (4, Cr’Qy)q, — (4, Cr’Qy)q.] where g = u,q’ = d for Ay, and g = u, g’ = s for =,
6

. 1 2
e Spin-3/2, z*: —3€a”CP+[2(QaT Cr'q,)q. + (4. Cr'q,)0.] B :

Q‘%

e P*(q, Cr'qp Q. + (4 Cr*Qp)q. + (O Cr¥qy)q,]

*double heavy quark:

® Two heavy quark have the same mass: spin-1/2 only XZ-type: interchange the role of light and heavy fields

® Two heavy quark have the same mass: spin-3/2 similar to X*, for EZ 0 Q —qg=uld,g - Q and for QZ 0’ Q- s,qg— 0.
® Two unlike heavy flavors: spin-3/2 corresponding baryon EZ 0 and QZ o €an be obtained by letting g, g — O, Q0" and Q — u/d or Q — sin EZ

® Two unlike heavy flavors: spin-1/2 E | and €, from B, B, and £, from A

00
*Baryon with three heavy quark:

o QQQQ, and QZ 00" similar to QQQ and QZ 0

Q
° QQQQ3 e P +(QaT Cr" 0,0,
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PRELIMINARY RESULTS

Two-state fit for baryon mass
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PRELIMINARY RESULTS

Global fit for baryon mass

e Global fit: my(m_...,m_ .., m a) = mPY + cl(mgval + m? 2 ) + c;a* + c,at
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baryon mass
- bo LRILL

® Valence strange: interpolate to “physical” #, mass 689.89(49) MeV oo B .

® Valence charm: interpolate to pure QCD D, mass 1966.7(1.5) MeV
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PRELIMINARY RESULTS

Global fit for baryon mass

Prediction for bottom baryon mass: only statistical uncertainty
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PRELIMINARY RESULTS

Sigma term extraction: Feynman-Hellman theorem

14 4+ - . . 4 . . baryonsigmaterm
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® Extract sigma term: Feynman-Hellman theorem | L
om 12- " " T
FH _  PC H | - |
C, p=m |
q, q omFC
q
10~
® Global fit: |
Gb,H(mﬂ,Val’ My seas mr/s,sea CZ) = 0-5 kg T C (mn val + m:%,sea B mﬁ,phy) + CZ(mii,sea ;7 phy) + C3a + C4a4 |
8 " .
............................ S
8- | & o <
. — S
L 6
7
S XY X1 | B B |
Se+ 1 m 1 B B, 1 B a 4 A
§ | ' Xbo D Be
5- f
| r

0 000 0.002 0.004 O 006 0.008 0.010 O. 012 ' ' . . ' ' .
a? (fm?) 10 05.000  0.002 0.004 0.006 0.008  0.010 ' 0.012
a‘ (fm?4)



PRELIMINARY RESULTS

Sigma term extraction: Feynman-Hellman theorem

® Only valence bottom contribution.

® 0, y/n,: ~3.74(4) GeV for three bottom quarks (£2,,,,), ~3.75(5) GeV for double bottom quarks and
~3.82(17) GeV for single bottom quarks
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PRELIMINARY RESULTS

Discussion
e pla,) y
o Hadron mass decomposition: my, = Y o, ,+7, D 0,- —(G" G
q q s
® Sigma term: scale independent o, m(qq)y, where (qq)y with (O)y = (H|O|H)/(H| H), m, can be
m;) Cor mf;

® Bottom quark condensate in baryon: scale dependence

o (bb)yln, ~0.76 at m> 2 GV) ~ 5.0 GeV
® (bb),/n, ~0.90 at m,(m;) ~ 4.2 GeV

® v =0.295 at MS 2 GeV: about gluon trace anomaly contribution(H ), = m}f]hy — Oy,
<H§>H = <Ha>H — VmOH = m};hy — (1 + }/m)GH

® (1+7y,)0,yat MS2GeV: ~ 14.4 GeV for Q,;,, ~ 9.7 GeV for E,;,, ~4.9 GeV for X, (o),  can be
1ignored compared to bottom quark)

12



PRELIMINARY RESULTS

Discussion
Hadron mass decomposition: m,, = Py,
position: my = ) 6,y +7, ), 0,u- — (GG )y
q q 5
Vm = 0.295 at MS 2 GeV: (H )y = mPY — o, (HE) yy = mP™Y — (1 + 7,)0y

(1+7,)0, y at MS 2 GeV: ~ 14.4 GeV for Q,;,, ~ 9.7 GeV for E,,, ~4.9 GeV for Z,.

(H8),;at MS 2 GeV: ~ 0 GeV forQ,,,, ~ 0.4 GeV forE,,, ~ 0.9 GeV for X,. Unlike light
and charmed baryon (~ 1 GeV)

(HS),: need larger scale to reach 1 GeV for double bottom baryon.

2.0 - T (H, :3 for spin 1/2 baryon Y '1:11(;:’ for spin 1/2 baryon i 'i:]I,, :Ii' for spin 3/2 baryon i '1::1[,,’;":1' for spin 3/2 baryon 0
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