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INTRODUCTION
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Introduction

e Our Universe is mostly made out of matter instead of
anti-matter.

e CP Violation: particle behaves differently than anti-particles

e For the radiative decays B — Xsv and B — Xsy the CP

asymmetry defined as
M(B = Xsv) = T(B = X)
[(B — Xsv) + (B — Xs7)

Ax, =
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Introduction

The Leading power correction to the decay rate is given by,

[e.9]

= Z ,le ; Ck,n<ok,n>

n=0

The ¢ 5 are the Wilson Coefficients that can calculable from
perturbative QCD.

Ok,n are non perturbative HQET matrix elements measured,
e.g.,in

[P. Gambino, K. J Healey, S. Turczyk PLB 763, 60 (2016)]

These Matrix elements have the form

O,n ~ hiD*iDM2 _iD** (SMAT 1 o n(N)

D' = 9" + igh"? T2
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Introduction

e HQET matrix elements are important
- To calculate decay rates accurately
= A probe of new physics
- To analyze the data from Belle-1l experiment

T

Figure: Belle-Il experiment

AYESH GUNAWARDANA Wayne State University On HQET and NRQCD Operators of Mass Dimension 8 and Above



Introduction

e List of these matrix elements up to mass dimension 8 was
provided in
[Mannel, Turczyk, Uraltsev JHEP 1011, 109(2010)]

e In our work we provide:
[A. Gunawardana and G. Paz, arXiv:1702.08904[hep-ph]|

- A general method for a systematic construction of these matrix
elements to any order of 1/M.

- Construction of matrix elements up to mass dimension 9

- Connection between the matrix elements and NRQCD/HQET
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CONSTRUCTION OF MATRIX ELEMENTS
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Construction of Matrix elements

e In the rest frame of Heavy quark v# = (1,0,0,0) .. v.v = 1.
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Construction of Matrix elements

e In the rest frame of Heavy quark v# = (1,0,0,0) .. v.v = 1.

o (=i)ou — ivo‘eawxsx
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Construction of Matrix elements

e In the rest frame of Heavy quark v = (1,0,0,0) .. v.v = 1.

o (=)o — iv¥eauns

e From PT symmetry:

(B(V)|RiD™ ... iD*h|B(v)) 2 (B(v)|RiDM ... iDFh|B(v))*,
(B(V)|RiD* ... iDMs*hB(v)) B2 —(B(v)|hiD™ ... iD*"s*h|B(v))*.
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Construction of Matrix elements

e In the rest frame of Heavy quark v = (1,0,0,0) .. v.v = 1.

o (=)o — iv¥eauns

e From PT symmetry:

(B(V)|RiD™ ... iD*h|B(v)) 2 (B(v)|RiDM ... iDFh|B(v))*,
(B(V)|RiD* ... iDMs*hB(v)) B2 —(B(v)|hiD™ ... iD*"s*h|B(v))*.

e Hermitian conjugation:

(B|hiD™ ... iD*(s*)h|B) = (B|hiD"" ... iD"(s*)h|B)*.
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Construction of Matrix elements

e In the rest frame of Heavy quark v = (1,0,0,0) .. v.v = 1.

o (=)o — iv¥eauns

e From PT symmetry:

(B(V)|RiD™ ... iD*h|B(v)) 2 (B(v)|RiDM ... iDFh|B(v))*,
(B(V)|RiD* ... iDMs*hB(v)) B2 —(B(v)|hiD™ ... iD*"s*h|B(v))*.

e Hermitian conjugation:

(B|hiD™ ... iD*(s*)h|B) = (B|hiD"" ... iD"(s*)h|B)*.

e PT+ Hermitian Conjugation= Inversion Symmetry
- Independent : Symmetric under inversion of indices.

- Spin Dependent : Anti-symmetric under inversion of
indices
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Construction of Matrix elements
e In the rest frame of Heavy quark v# = (1,0,0,0) .. v.v = 1.
o (=1)ou — iv¥equas®
e From PT symmetry:
(B(V)|RiD™ ... iD*h|B(v)) 2 (B(v)|RiDM ... iDFh|B(v))*,
(B(V)|RiD* ... iDMs*hB(v)) B2 —(B(v)|hiD™ ... iD*"s*h|B(v))*.

e Hermitian conjugation:

(B|hiD™ ... iD*(s*)h|B) = (B|hiD"" ... iD"(s*)h|B)*.

e PT+ Hermitian Conjugation= Inversion Symmetry
- Independent : Symmetric under inversion of indices.

- Spin Dependent : Anti-symmetric under inversion of
indices

e From HQET equation of Motion:
-iv-Dh=0,hiv-D=0
-vs=0
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Construction of Matrix elements

e Matrix elements only depend on:
- VIJ‘

- ghivi = MHik = ghiti — yHiyki: Parity even

- etititikr: Parity odd
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Spin Independent Matrix elements
e The spin independent matrix elements are invariant under parity.
e Dimension 3

1

—— (B|hh|B) = 1.
>y, (BIRHIE)
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Spin Independent Matrix elements

e The spin independent matrix elements are invariant under parity.
e Dimension 3

1 (B|hh|B) =1
2Mp -

e Dimension 4
1

hiD" =0 (. iv-Dh=
2MB<B|h/D h|B) =0 (" iv - Dh = 0)
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Spin Independent Matrix elements

The spin independent matrix elements are invariant under parity.
Dimension 3

1 -
——(B|hh|B) = 1.
5hi (BIRhIB)

e Dimension 4
1 _
—_— iDH1 pr— ENIVAN =
2MB<B|h/D h|B) =0 (-.-iv- Dh = 0)

e Dimension 5
1

h DM iDH2 — 5 map2
2MB<B\h/D iD*2h|B) = a>'T
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Spin Independent Matrix elements

e Dimension 6
1

W<B|E iDM1iDF2 D3 p| B) = a(®)1Haks iz
B
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Spin Independent Matrix elements

e Dimension 6
1

W<B|E iDM1iDF2 D3 p| B) = a(®)1Haks iz
B

e Dimension 7
1 T iDML [ DH2 M3 (4 (7) (ypapa s pa (7)) pa ppuapa
m(BMID iDH2iDH3 D+ h|B) = ayy MF1H2(] + aj5 AT

+aﬁ)r|”“‘4l'l”2“3 + b(7)r|mu4vuz vH3

AYESH GUNAWARDANA Wayne State University On HQET and NRQCD Operators of Mass Dimension 8 and Above 12



Spin Independent Matrix elements

e Dimension 6

1

T —(B|hiD"iD"2iD"3 h| B) = 2(O) pans p2
B

e Dimension 7

1

o ——(B|hiDM D2 iD"3 DM h|BY = ag)nuwz MHatia 4 ag)nm/tznuz/u
B

+aﬁ)r|”““‘l'l”2“3 + b(7)ﬂ“'1”“v“2 vH3

e Dimension 8

M <B|hIDMIDMZIDH3ID“4ID“5h|B> — 3(8) (nuluznusﬂs vH4 + |'|M1H3|'|#5M4V!t2) +
B

agg) (MM 1H2k5 1 | [HSHS [[HaL 12 | ag? (TMPHs [HsHa 2 | LS [[H3H2 14 ) |
bg) [1H1k2 [Habs 13 bgi) [IFaHe [iams 13 | bg) [IHaHs [Hasa 13 4
@ Mpans yp2 13\

(Symmetric under inversion of indices)
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Spin Dependent Matrix elements

e Spin Dependent matrix elements are parity odd
e Dimension 3
1

T —0( v e—
2MB<B|hs h|B) =0 (. v.s=0)
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Spin Dependent Matrix elements

e Spin Dependent matrix elements are parity odd
e Dimension 3

2M —(B|hs*h|B) =0 (" v.s = 0)

e Dimension 4

s ——(B|hiD"1s*h|B) = 0 (. M*1* : Parity even)
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Spin Dependent Matrix elements

Spin Dependent matrix elements are parity odd
Dimension 3

2/\// —(B|hs*h|B) =0 (" v.s = 0)

Dimension 4

s ——(B|hiD"1s*h|B) = 0 (. M*1* : Parity even)

Dimension 5

H1iH2 A 15(5) eprapaX,,
2MB<B“”D iD¥2s*h|B) = € V)
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Spin Dependent Matrix elements

Spin Dependent matrix elements are parity odd
Dimension 3

2/\// —(B|hs*h|B) =0 (" v.s = 0)

Dimension 4

s ——(B|hiD"1s*h|B) = 0 (. M*1* : Parity even)

Dimension 5

H1iH2 A 15(5) eprapaX,,
2MB<B“”D iD¥2s*h|B) = € V)

Dimension 6

H1 i DH2 [H3 A i5(6) k2 pH13A
2MB(B]h/D iD¥2iD*3s™h|B) = (3% vi2e V)
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Spin Dependent Matrix elements

e Dimension 7
1 -
m(BMiD‘“ iDH2iDH3 D4 s* b B) =
,'5(172) (nulweﬂmm)\vp _ |-|M4N36ﬂlt2m)\vp) n ,'gg) (nmmngmvp _ |'|M4M2€pu3u1)\vp) +

A7 (7 7
+ ,3(14)|-|u1/446/mzu3/\vp + ,ag3)|-|uw3€pmm>\ v, + PB(D) yh2 13 cpr1 e v,

(Anti Symmetric under inversion of indices)
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Spin Dependent Matrix elements

e Dimension 7
1

S (B|hiD*iD"2 D3 DM+ s* h| B) =
B

(7 (7
,3(12) (nulwfﬂmm)\vp _ |-|M4N36ﬂlt2m)\vp) 4 ,a§3) (nmuzngmvp _ nM4M2€pu3u1AVp) +
(7)

- (7 L
+ 8 |-|u1m€/mzu3«\vp + ,3g3)|-|mu3€pmmk v+ P51\ 2\ 13 cph faX Vo,

(Anti Symmetric under inversion of indices)
e Dimension 8

s (BIRIDMDY2 DS DM DY 5 h|B) =
B

;gg) (vua nuwzeﬂmusAvp s |-|u4usepuzu1/\vp> + iéﬁ) (VM3|‘|M1H4€P#2H5)\V’] ks nusuzewwﬂvp> +
+ ,'§§85) vusnulusepuwnvp + ié‘g?v“a n;bzu4el)u1usz\vp+
+ ,'[,g) (Vuz [1H1H3 PHaRSN v, — vieripsss EﬂuzmAvp) + ,-[,ﬁ) (v“2 [1K1Hs PH3HSN v, — viaripss Eﬂllrsﬂl)\vp) +
" ’-Eg) (V“Z ks gpiaiady, anﬂluseﬂuauz)\vp) i ”;gi) (Vuz Misiapipsdy v““l_l“3“26””5”1)‘vp) +
+ iBg? (v“? n%baﬂsfpmmz\vp — Vﬂ4nﬂ3ﬂlel’l‘5ﬂ2)\vp) 4 ,-BE? (Vuz nuwsﬁpuwa%vp — anuzulepusuaAvp> 4

4+ 1@ h2 i s P s V.

o Results agree with [Mannel, Turczyk, Uraltsev JHEP 1011, 109(2010)]
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New Results
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New Result: Dimension 9 HQET matrix element

5 \ S (HIRiD*iDriD*i DD i D h| H) = I e 1 e 1 G
H

+(112735 (00 VS s CETEhy RV s (R T ) +(l(192),36 (G0 CEYED s CET0 ) (CULINS s (EURS (273 ) (ETp
+(,(1%)725 TIM1HsTTH2Hs [THatte | (1(193?26 (TT#sTTHebo [T#atts 4 T[Habs [THans T Hak0 ) |

+(lﬁ)_25 [IHHATH2Hs TTHaRE | (1(1?26 (IT#1#aTH2Ho T Haks |- T[#1K5 [[H2Ra[THSHS ) 4

+a{ g IwsTaneTuoke 4 o), Tiurse[[uans]Inans 4 o), [THsse[[Haka]Thaks

+(116725 TIHaHoTTHHs [THs ke | b(192,36 (T2 T30 15 | TTFHSTTHSHS iz s ) 4

+b§92>'46 (TTHaFaT[HakE oS o TTRIEST TSRO B2y fa ) b<192%56 I Bl B laae e Vs B

+b§?26 (TIarsT[Hake ylagks | TIMIHSTTHabGyH2He)

DD, TS e i 5 (T v s i . T s i )

0, O s 49, oo s

b16 5 (Hulusnuzus pHaHs + TIH1HG TTHaHS 4,2 l,‘“g) +

5 5 9
b16 o4 ( Hike HHZHA l'.HS Z,"u” H1p6 TTH3HS zr“Q L.HA) b(16)25 ] HH2H5 ZV.HS l'.#4
9 5 5
b§6>34 H1HETTH3HA 4,12 9 K5 C(9> HLHG 3)12 9,13 4,14 0,15
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Summary

e Higher dimensional HQET matrix elements are important in
measuring the decay rates of radiative B decays.

e Presented a new method for systematic construction of these
matrix elements.

e For the first time we present the tensor decomposition of spin
independent matrix element at mass dimension 9 and
HQET/NRQCD Lagrangian at mass dimension 8
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Summary

e Applications:
- Calculation of the moments of Leading order shape function.

- Estimation of CP asymmetry for radiative B decays.

e Issues of extra color factor pointed out in
[ A. Kobach and S. Pal [arXiv:1704.00008]]
and will be discussed in an updated version of
[A. Gunawardana and G. Paz, arXiv:1702.08904[hep-ph]]
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THANK YOU
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BACKUP SLIDES
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e From the color matrices:
[T2, TP = if*> T,

{Ta’ Tb} _ %5ab + dabc Tc-

. I
o EIT? = E[/v - D, iD"]
e Operator: E?
EIELS;T°TY — EIEL§;0% and ELE[5;d?T,

[ A. Kobach and S. Pal [arXiv:1704.00008]]
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e CP asymmetry(experimental)= 0.015 + 0.02
o B(B = Xs7) (E, > 1.6 GeV) = (3.36 4 0.16) x 10~

[Heavy Flavor Averaging Group (2016)]

e B(B— Xs7) (E; > 1.6GeV) =3.15+£0.23 x 1074

[Misiak et al]
SM _ +0.15 +0.19\0
o AXS'Y = (0.447 15 £0.03"559)%
° Axsﬁ{ = f(1.2 + 2.8)% [Y. Amhis et al.[HFAG], arXiv:1207.1158[hep-ex]]
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