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Introduction
THE GENERAL ANGULAR DECAY DISTRIBUTION

The decay t(1) — b+ WT({Tv):

dr 11dla dlg dre
a9 p ) ; ]
dx;,dcosfdop  4rm [dXE,u - (dx&,, 0s0 + dx&,,sm cos ¢)
“ P = (sin 0 cos ¢, sin fsin ¢, cos 6)
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Introduction

THE GENERAL ANGULAR DECAY DISTRIBUTION

The decay t(1) — b+ WT({Tv):

dr 11dla dlg dre
a9 p ) ; ]
dx;,dcosfdop  4rm [dXE,u - (dx&,, 0s0 + dx&,,sm cos ¢)
“ P = (sin 0 cos ¢, sin fsin ¢, cos 6)

/) Y

Xy = "o

@ A and B results agree with Kiihn, Jezabek and Czarnecki.
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Introduction

THE GENERAL ANGULAR DECAY DISTRIBUTION
The decay t(1) — b+ WT({Tv):

dr 1 dFA drB drC
_rata L p 0
dxe, d cosf do 47T[ng7,,+ (e, cs0*

ey sin  cos (b)]

W

P = (sin cos ¢, sinfsin ¢, cosb)

2E,
Xep = -

m¢
@ A and B results agree with Kiihn, Jezabek and Czarnecki.
@ C result is new.
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BORN TERM RESULTS

.GrV,
The matrix element : M — | F 7t

with leptonic and hadronic currents

H, =

Uy (1 —7s5) g, hadronic current,
Ly = Uyu (1 —15) ve,

leptonic current.
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The decay rate

_ G2‘ th|2
MP= 37 IMP = 3 MMl 25
Sb,Se,Sv SbySe,Sv

with hadron and lepton tensors

Nz
H,u,u L'

Hu =Y HuHS, L =) Ll
Sp

S¢,Sv
* harrow resonance approximation

* zero bottom quark mass
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LO DIFFERENTIAL RATE IN LEPTON ENERGY

dl4 dlig dr ¢
TAE o™ (1 —x)y; SE =0,
ng ng rW ng
(the lepton momentum defines the z-axis)
2E, 2E,
° rF: 19271'3|\/tb|2 —m—'/?‘/' XZZ#, Xy = mye
- = = = A
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LO DIFFERENTIAL RATE IN LEPTON ENERGY

dlp dl'g dl' ¢
—=——=101f2 —6 1-— — =0.
D g P, Xy
(the lepton momentum defines the z-axis)
_ Gem 2, _ my _ 285 _ 28,
°F= 192773|th| = XeT g X =0
dl 4
A = T 2n T 6(x, ~ y)(L = %+ ).
dlg 2
G =T 271' 6(x,, V(A —x +y— %),
dlc
Pl MF 27Tr—].2 VYA —x)(x —y)

(the neutrino momentum defines the z-axis)
— (=Y = = A
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THE LO INTEGRATED RATE (y < x <1)

m
Fa=Tg=TF 27Tr—Wy(1 —y)?(142y), Tc=0.
w

(the lepton momentum defines the z-axis)
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THE LO INTEGRATED RATE (y < x <1)

m
fa=Tpg="TF 27Tr—Wy(1 —¥)2(1+2y), Tc=0.
w
(the lepton momentum defines the z-axis)

THE LO INTEGRATED RATE (y < x <1)

M4 = Tr2mmly(1—y)A(1+2y)
w
. mw 2 3 2
M5 = Tr2me—(1-12y +9y> +2y° — 12y log(y)),
w
myy 3
frce = F,:27r%yrﬁ(l—6y+8y\/)_/—3y2).

( the neutrino momentum defines the z-axis )
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THE LO INTEGRATED RATE (y < x <1)

m
fa=Tpg="TF 27Tr—Wy(1 —¥)2(1+2y), Tc=0.
w
(the lepton momentum defines the z-axis)

THE LO INTEGRATED RATE (y < x <1)

M4 = Tr2mmly(1—y)A(1+2y)
w
. mw 2 3 2
M5 = Tr2me—(1-12y +9y> +2y° — 12y log(y)),
w
myy 3
frce = F,:27r%yrﬁ(l—6y+8y\/)_/—3y2).

( the neutrino momentum defines the z-axis )

e The next step : NLO corrections
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NLO

NEXT—TO—LEADING ORDER CORRECTIONS

@ The virtual corrections

@ The real corrections

]
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NLO

THE VIRTUAL CORRECTIONS

2

%, &
oz

The renormalized hadron current of O(as) can be written as:
= ( IV _ A
HY = p(JY — I ue.
The covariant expansion of J){ and Jﬁ‘ is:
J;Y ’YuFlv + Ptquzv + Pb,uF3V7
A _
J =

(’YuFlA + Pt,quA + Pb,uF3A)’YS~
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NLO

At the one-loop level the form factors are given by

2
FV=Ff= 1_MC (
4

~In(1— y)—i—ln( y N

1-y(1- y))Jr
N2 1 y )
1 as(q®) - 2 1—y
FY = —Ff= —= “(+1 In(1 —
2 2 = an CFy(-l- + y n( }’))>
1 2y 2
F3V:—F3A— as(q)

2y—1
CF—<—1+y—
my Am y

In(l_y)>7
where a gluon mass regulator A = mg/m; is used to regularize the
gluon IR singularity.
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NLO

The hadron tensor for the virtual correction is

Hu =g Hublh = S, (H + HD) (O 4 H)'
-y, HS (0) ot . >, ( O)H(l)T 4 H(l)H(O)T) +0(a?)
= Hi) + Hia) + 0(a?)
The O(as) virtual correction to the decay rate

1)|2_ Z ‘M 1)‘2 |th| H(l L

Sb>Se;Sv
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NLO

THE REAL CORRECTIONS

H, = T <'Yuk7a — 2PtaVyu

Yak Vi + 2Pba Y
+
2pf . k

0 K > (1 —s5) €X" ue.

]
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NLO
The hadron tensor for the real correction is
HHY

8
—4ras Cr

{_ k- pt [
(k-pe)(k-p»)

i(eaﬁ

k-p

b
k- pt

B (b= K)Be = P (po— k)" By + €014 (py— k)Y By ) ko P +
[(ﬁrpr)(k“ py + K pl — k-pp g’ — i €M kq Pb,ﬁ)

= (e k) ((Pe—= k)" P + (= K)” Pl — (e —K)-po g = i € (pr—K)a P ) |

— (Be-po) (K™ P + K Pl — k-pp g — i €71 ko pi 5 ) + (pe-po) (K™ BY + K” Pl — k-Pr g™ )

- (k~pb)(pé‘ Pt +p¢ Bt — pf-ﬁtg“”> + (k'pt)((pb+k)“ Pt +(po+k)” ﬁé‘—(pb+k)~ﬁtg“”)

+ (k'ﬁt)<2pﬁ — Pb'pbg‘“’> + ,-(gﬁuu (k-Be) + PV KV By, — @BV k'ul_)t,'y>Pb,a Pe.s

+ i(ﬁaﬁ“” (pe-Pt) + €*P7H pY pry — >0V Pff’m)ka Pb,ﬁ} + B" - Ascr
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NLO

Py = Pt — ms;
k — gluon momentum
Asge — IR singular part
B"  — the hadron tensor for the Born term.

dR4 (Pt;Pb’£7 v, k) = dP2dR3 (pt;P7£7 V) dR2 (P, Pb’k)
= m2dz dR, (P; p, k) dR3 (ps; P, £, v)
where z = ,’:—i = (Pb,;k)z
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NLO

drt®)

i

O(as) DIFFERENTIAL RATES IN LEPTON ENERGY

My
=IP2r——
dxydz Fen

Mw

real

virtual
(the lepton momentum defines the z-axis)

Cr 26y | Mi(x:2) + Mj(x) 8(z)], (i = A, B, )
™ —— ——

Ms (x) =

vz . 1 . Xp .
+4Yp {mﬂ + N + WJ&] )
— ATt (

—x
In(1—y),
y ) ( )
with>\:1—|—y2—|—22—2(y—|—z—|—yz),Yp:%Iog

17y+z+\/i

1—y+z—\/X

C y . 1. Xe .
MEGez) = AT )= 7~ e s+ e+
6
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NLO

O(Qs) DIFFERENTIAL RATES IN NEUTRINO ENERGY

MW Qg
—Tf2 Crsg
dodz T Tw o

virtual
(the neutrino momentum defines the z-axis)

| Mi(x,2)+ Mi(x,)6(2)], (i = A, B, C)
real
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NLO

@ Difficulties in obtaining closed form for

1
ar)
dx
2"yl =x)(x —y) —xyz o
Vi+y?+22 -2y +z+y2)

l—y+z+/1+y2+22 -2y +z+y2)

l—y+z—/1+y?+22-2y+z+yz)
@ The numerical integration gives:

) /dsxq

(1

C

dr

x =2Ey/m;

]
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NLO

)I

The closed form integrated rate F(Cl

dl ¢
fe=[dx, [ dz—C— = [ d
¢ / , / “ dxqdz / Z/

dl ¢
dxp,————.
t, dxp, dz
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NLO

The closed form integrated rate F(Cl):

dl ¢ dl ¢
Ffre=[dx, | d— = [ d dxp,—————.
¢ /x& / zdx&,,dz /Z/ t dxp, dz

NLO INTEGRATED AZIMUTHAL CORRELATION FUNCTION
b=

M 2m . Co(—22) Ty [2y/5(—4 — 3y + 3y)(2La(y5) — L)
w T

+2(1 - y)(8 = 7\/y + 8y — 5y*/*) In(1 + /) — (1-y)° In(1—y)

-y
VY
FIVTO0 = VPP - VT - 20) + 7+ 3y - 3.

(the lepton momentum defines the z-axis)
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NLO

NUMERICAL RESULTS

Total rate with lepton momentum defined as the z—axis:

dr _

1 _ ‘
dcosOdé  4m [FA + P(Igcos @ + T¢sin 0 cos @)]

r(O) r(l) r(l) r(l)
= A 1—&—% + 1+% Pcos@—i—%Psin()cosgf}
4 Fa Fa Fa

(0

= % [(1 —8.54%) + (1 — 8.71 %) Pcos § — 0.24% Psin 6 cos qS]
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NLO

NUMERICAL RESULTS

Total rate with lepton momentum defined as the z—axis:

dr 1 . |
dcosOdé  4m [rA + P(Fgcos O + T¢sin 6 cos (p)]
ro rt rw e
= 1+ 5 |+ | 14+ =& | Pcosd+ =& Psin 6 cos ¢
4 ro ro o

(0)
- _A

= 3 [(1 —8.54%) + (1 — 8.71%) Pcos 0 — 0.24% Psin 0 cos qs]
T

@ Roughly 9% corrections to the unpolarized and polarized rate.

@ only 0.24% correction to the azimuthal rate with lepton on the z—axis .
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NLO

NUMERICAL RESULTS

Total rate with lepton momentum defined as the z—axis:

dr 1 . |
dcosOdé  4m [rA + P(Fgcos O + T¢sin 6 cos (p)]
ro rt rw e
= 1+ 5 |+ | 14+ =& | Pcosd+ =& Psin 6 cos ¢
4 ro ro o

(0)
- _A

= 3 [(1 —8.54%) + (1 — 8.71%) Pcos 0 — 0.24% Psin 0 cos qs]
T

@ Roughly 9% corrections to the unpolarized and polarized rate.
@ only 0.24% correction to the azimuthal rate with lepton on the z—axis .
Total rate with neutrino momentum defined as the z—axis:
dr ro

- _ A _ 0, _ 0, _ 0, H y
Tos8d = [(1 8.54 %)+(—0.318 + 1.02 %) Pcos 0+(0.919 — 0.029 A)Psmecosqs]

[} = =
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Conclusions

CONCLUSIONS

For the decay t(1) — b+ W (¢{Tv):

@ Very small NLO contribution to the azimuthal correlation
(in the lepton case).

@ Precision measurements for the azimuthal correlation can be
important in understanding the SM.
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