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Introduction

INTRODUCTION

Charged Higgs occur
@ in the 2-Higgs doublet SM,

@ in the MSSM (naturally).

e Mass of the charged Higgs is not known.
Particle Data Group: m,,, > 79.3 GeV.

(CL 95%)
e Possible decay processes:
t—>H +b if m, <my—my
H —%+bo H —t+b if

m,, > m¢ + mp
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Introduction

THE GENERAL ANGULAR DECAY DISTRIBUTION
The decay t(1) — b+ H*:

ar
dcosf

1
E(r + P: TP cos )

rP
asymmetry parameter oy = —
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Introduction

ANOTHER EXAMPLE OF ANGULAR DECAY DISTRIBUTIONS

o i[dFA
dx;,, dcosf do  Arx

dlg dl ¢
DAL p 6
s + P( e cosf +

e sin  cos gzb)]

The angular decay distribution in the decay t(1) — b+ W™ (¢tv)
dr

W

Xe,v

P = (sin cos ¢, sinfsin ¢, cosf)
_ 2E,

m¢
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BORN TERM RESULTS

Structure of tbH-vertex: (a + bys): (tan 3 =

model 1: aziwv my; — mp) cot (3,
SN tb(me b) B
b= givtb(mt + mp) cot 3,
2 2mW
8w
model 2: a=——"—Vu(m:scot 3+ mptan
2\/§mW tb( t ﬂ b ﬁ)
b=

2\/_mW
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In the leading-order calculation we define following scaled masses

o my+ L myg
B mg ’ N mg
and scaled kinetic variables
1
po = 5(1 +e—y?)
1
p3 = 5 )\(15625.)/2)

where A(a, b, c) := a2 + b> + c® — 2(ab+ bc + c a) (Killén function).

The Born amplitude is: M = tp(al + bys)u;

TOTAL RATES

_ P3 2 2 2 2
rBorn = 167rm§{2po(a + b )—|—2e(a — b )}
P _ P3
"o = 16mm3 {4ab p3}.
- - = vae
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mH+/m:

Figure 1

Asymmetry parameter oy for model 1:
mp = 4.8 GeV, m; = 175 GeV,
Born term: full line,

O(as): dashed line.
(tanB = 10)

Alimjan Kadeer

PLN G4

O(«s) radiative corrections to polarized top quark decay into



-0.
-0.
-0.
-0.
-0.
-0.

aH

< o U W NP O

Figure 2

Asymmetry parameter oy for model 2:
mp = 4.8 GeV, m; = 175 GeV,

Born term: full line,

O(as): dashed line.

(tanB = 10)
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NLO-loop

NEXT—TO—LEADING ORDER CORRECTIONS

@ The virtual corrections

@ The real corrections
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NLO-loop

VARIABLES IN THE NLO CALCULATIONS

Scaled masses:

Scaled kinetic variables

po =31+ —y%), || wo:=3(1-€+y?),
p3 ‘= % V >\(l 627)/2)7 w3 = p3,

P+ = Po + ps, W = Wo iWW3,

Yp :Elng—i YW::EIn—i.

where A(a, b, c) := a® + b? + c? — 2(ab + bc + ca) (Killén function)

[} = =
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NLO-loop

VIRTUAL CORRECTIONS

t Q
R
k
dPk | —igX\? i i —igs AP . g
u b ” —i0ap———>
Up (271’)4( 2 7#)(m_k)_mb(a+ ’75)(m_k)_mt(7 2 )ut( ! bkz_mé)

t

_ig2Cem [ 9K b — K+ mo)(a+ brs)(ph — K+ mi)"
= —ig; Cru / 27)* 1(po — k)2 — m2)[(pe — k)2 — m2][K2 — m2]

numerator : 4(p: - pp) — 2§tk + 2phk — DK? with D = 4 — 2w
denominator : [(pp — k)*> — m2][(p: — k) — m?][k? - 2]_;: D_=b Dy - Dy

£ DA

Alimjan Kadeer O(as) radiative corrections to polarized top quark decay into a



NLO-loop

TYPES OF INTEGRALS IN THE LOOP

dPk 1
(27)* Dy - D -
dPk kM
(27)* Dy - D -
dPk k2
(27)* Dy - D -
Go
By

1= CGpl + Cpl

1

!

!
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~~
IR—div.

= I'=aGpl+ Gpj

L
(

2m)* Dp-D:- Dg
/ dPk 1 , [ dPk 1
+m —_—
(271')4 Db . Dt & (27'(')4 Db . Dt . Dg
= By +m§C0
~~
UV —div.

scalar three — point one — loop integral

scalar two — point one — loop integral

tensor three — point one — loop integral,
calculated using Passarino — Veltman method

gy @y == m
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2 2 2 2
I3(miy, my;, mp, mg)

2 2 2
i 1 my +mb7mH+\//\(m$_,,m$,mi) | (mtmb>
n

- In
2
16m 2\//\(m%_l,m%,mg) m%-%—m% — m%_l — \/)\(mzH,m%,mi)

2 2
o m?-%—mi—m%_l-%—‘//\(m%l,m%,mi) | (ms —mg-%—‘//\(m%_l,m%,mi)) — (""%—I)
n n
2 2 2
2my (m% — mi — 1/)\(m2H, m%, mi)) — (mZH)

21//\(m%_l,m$,m12’) 2\/>\(m,24;m?wm12,)

+ 2Lip
m%—mi-f—m%l-%—\//\(m%l,m%,m%) m%—mg—mf_l-f—\//\(m%l,m%,m%)

— 2Liy
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NLO-loop

LOOP INTEGRALS

1
G = {Ine+—1—€2—y2}’
' A% 205 :
1
G = {I —(1-¢ 2},
5 73 ne+2p3( e +y9)
1 47 p? 2p3 1—e4y?
By, = ;—i-ny—l—In( s )+2+7Yp+Tlne,
1
C = —4m%p3{(|ne—2In/\)Yp+2(Yp+|n6)(Yw+Yp)
“oLip(1 — ) aLip(1 — —=B= }
Wy W4 P+
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NLO-loop

RENORMALIZED AMPLITUDE OF THE VIRTUAL CORRECTIONS

Mioop = ub{ <a]l n b75>/\1 +ahy + 5/\}ut

2
asCem
A== t

o {2p0 Go + (2/90 + (1 + 6)) G+ (2/90 + (1 + 6)) G +2By — 1)},
asC
Ny = 7TF {—6(C1+C2)},

Renormalization gives:

1 1 1 )
5/\—(a+b)%<§(z§—1)+5(25—1)—ﬂ> +

(o b)% (%(z; 14 %(zb —1)- @>
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NLO-loop
THE VIRTUAL ONE-LOOP CORRECTIONS

sme 6
Moop = rBo,n<z§—1+Z§—1—ﬁ—ﬂ+2/\1> +

m¢ mp
4 5 5
+ (2 a® Na(po + €) — 2ab po (ﬁ — ﬂ))’
167 m: m
om dm
rgop = Fgom<Z§—1+Z2b—1—7:_m_:+2/\l> +

4m;p3 ) )
&Mep3 2abAy — (2% + b?) ome oMb ) )}
167 my mp

u}
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NLO-tree

REAL EMISSIONS

H+
gk)
' GO0TT000
b
A? 2p? — g 2 U+ o
Miree = gs—Up Pt k’y _ 4Py T k
2 2k py

2K-ps }(31 + bys)uee; (k)
a 2 o
gs%l_lb{( pt

2pg ,Yak
2k py

—K )
_ 3 . )
2k'Pb)+ 2k-p; 2k'Pb) (al+ brys)ure, (k)
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NLO-tree

CONVERGENT AND DIVERGENT PART OF THE TREE

|Mtree|2 | ?29'“2 + |M0| |M|SGF
where the universal soft-gluon factor | M|%¢¢ is given by

o m; m; Pb" Pt
M —Cr Lo+ —b- -2
Miser =3, {(k p kel (kepe)(kop)

Difficulty!

Divergent integration | M| |M|%¢r is very difficult because of m, # 0.

Solution

Integration (| Mo|*> — [Mo|?)|M|%¢¢ is convergent and simpler.
. |./T/l/0\2: Born term structure with three body kinematics, pr = pp + py + k
® | Mg|?: Born term structure with two body kinematics, pr = pp + pH

Mueel? = {IMELI2 + (IMof? = |Mof?) M IBer | + Mo | M g

[m] = = =

A
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NLO-tree

PHASE SPACE INTEGRATION WITHOUT
FACTORIZATION

1 1
= 558 | 9Rs(pe ,k)[M
2m; (271')5/ 3(Pt PH; Pb )| tree|
1 1 d3By d3pp, d3k
= 54 o — KM 2
2mt (271-)5/ 2EH 2Eb 2E (Pt Pb PH )’ tree|
1 1 Ef* dE kg kM
- 8—fnt(27T)3 /min H/min 0| tree|
H 0
with the integration limits
max (me — Ep)(m? — m} + mZ, + m2 — 2m¢Epy)
° 2(m? + m?, — 2m;Epy)
kcr)n/’n

2(mz + m%_l — 2mtEy)
— my + my + mg — 2mtEy)
2

\/(52 — m2)(m2 + m?, — 2m¢Epy — (mp + mg)2)(m2 + m?, — 2m¢Epy — (mp — mg)2)
(me — Ep)(
2(mg + m,%l — 2mEpy)
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max _
Ef =

m + mpy — (mp + mg)?
Eﬁin

2!71[»
my
In the mg — 0 the integration limits simplifies to

max
kO

(me — Ey + 1/ ER — m2)(m? — m? + m?, + 2m:Epy)
kéTlaX

2(mf + mf_, —2m:Ep)
(mt —Ey —

EZ — m2)(m? — m2 4+ m?, + 2m;Ey)
2(mf + mf_, —2m:Ep)

2 2 2
EIH-nax _ m; + my —my
2mt
EGT my
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NLO-tree

ADVANTAGES OF FACTORIZING THE PHASE SPACE

d3By d3p, d3k
dRs3 (pt; PH, Pb, k) =/ P2 Po

—* —py—k
2E, 2E, 2E, (Pt = Po = pr = k)
= dP?dRy (pt; pr, P) dRy (P; pb, k)
= midz dRy (pt; ph, P) dRa (P; po, k)

(1) (2
with z = 57—; — (Pb:q'%k)Z
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: L 1,2
Integration @ is trivial: [ dRy (pe; pH, P) = M
Integration (2) is done in P-rest frame:

A7

[ dR2 (P; py, k)

= I

e dcos 6

d3
= [ SErd*ka(k* — mz)6*(P — pyp — k)

|Mtree|2
(pt-P, P-k, pt-k)
2 N2
with p} = Az,y2,A2)

{1+22—y2 ’ z+/\;—€2’ (PCQD(ZQP) + (PG) é\;?yz,/\z) cos 9)}
is the modulus of gluon momentum in P-rest frame.
/dR2 (P; p, k) |Miree|* — / dcos 6 (ps-k)"
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NLO-tree

[ dz INTEGRATION

(1—y)?
/ z—e2 NG

=y’ m gy
/ /\/n’
/IY)2 In 1—y2—|—z—|—\/y dz

z—e2 Vv 1—y24+z—VN ’
/1y) zm (—y +z+\/—>
dz.

—y2+z—VN

with ) == \(1, z, y?).
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NLO-tree

SOFT GLUON INTEGRATION

Asgr = /dz/dcosa|M|§GF

poYp
(1~ 2222 1nf(1 -

y)? =€l —InA—lIne
2 1- -
p°{2L2(1 Yy olip(1 — =)
p3 +

L1 - 2=

p—
p+)}_2+v,,(v +1)

]
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NLO-tree

TREE RESULTS

1 3 201 — 2
[Mtree = — & Cr m?(a® + b%){ ZR(0,—1) + -y R(-2,—2)
Atmy | 4 4 4

1-y?+432 1 1
_yfﬂ + 5625(07 0) - 55(17 0)} + PS2_1 I Born ASGF )
P 1 |as 2 2 1 2y2 2
lee = — — Crm;2ab —4p3 R(—1) +4p3° R(0) + —(1 — y“) e“R(—2,0)
Atmy | 4 4

—%((1 — 2 423 y?) @) R(~1,0) + %(2 +10y2 — @) R(0,0) + ;R(l,o)
—+ (1 —y*+€)2p35(0) — (1 — y*> + €°) 2ps> S(1) + 2p35(0,0)

+% (4y? (1 —y») + (74+5y%) € —2¢*) S(0,1) — % (3-3y*+¢) 5(1,1)

1 _
_55(27 1) + Psz ! I—Eom A$GF:| 5

where PS; =

lﬁffmt is the two- body phase space.

[} = =
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total NLO

TotarL QCD NLO RESULT

Total result = Loop + Tree

= Loop + ( Tree div. + Tree conv. )
= (Loop + Treediv.) + Tree conv.

/

cancellation of Inmg div.

asCr
872

re = mt{ — 3(a% 4 b?)p3 In(e)

1
+ab( (11 +28y) — 16y% — 8y + 7y* 4+ €3(4 + 8y — 14y?) + 7¢*

8p3w
+(2-9y% +y* — (4 +3y%) + 254)% Y, + ?2 0 In(e)

+8p§|n((1_1y‘ﬁ)+(3—3y2+ze2(4+y2)—2e4)ln(1%)

_ — _ 2 —62
Hapopa(aLia(1 = ) < 2lin(1 = 1Y)~ Lia(wo) + Liagwe) + 2T )
~@ 4y~ 23+ ) + ) @Linly) - Lis(w-) — Lin(w-))}

o Our unpolarized results agree with A.Czarnecki and S.Dayjdsons(1993). =

PLN G4
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Summary

SUMMARY OF THE NLO CALCULATION TECHNIQUES
Important points:

@ Three-point one-loop integration Cy
@ Soft gluon factor integration
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Summary

SUMMARY OF THE NLO CALCULATION TECHNIQUES
Important points:

@ Three-point one-loop integration Cy
@ Soft gluon factor integration

Time consuming calculations:
@ Phase space integration of the real emission

@ Collecting virtual and real corrections and simplifying

]
Alimjan Kadeer

A
O(«s) radiative corrections to polarized top quark decay into



Summary

SUMMARY OF THE NLO CALCULATION TECHNIQUES

Important points:
@ Three-point one-loop integration Cy
@ Soft gluon factor integration
Time consuming calculations:
@ Phase space integration of the real emission
@ Collecting virtual and real corrections and simplifying

Cancellation of divergencies:

@ UV-divergencies are regulated by dimensional regularization.
They cancel in the loop.

@ |R-divergencies are regulated by a gluon mass. Both loop and
tree have IR-divergencies but they cancel in the sum.

@ Collinear divergencies also cancel in respective limits of
vanishing masses.
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Figure 3

Unpolarized ( on the left) and polarized (on the right) decay rate for model 2:
my = 4.8 GeV, my = 175 GeV,

Born term: full line,

O(as): dashed line.

The barely visible dotted lines show the corresponding m, — 0 curves.

(tan 8 = 10)

o = = = z 9ae
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0.6 0.8 1

mH+/m:
Figure 1

Asymmetry parameter oy for model 1:
mp = 4.8 GeV, m; = 175 GeV,
Born term: full line,

O(as): dashed line.
(tanB = 10)
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Figure 2

Asymmetry parameter oy for model 2:
mp = 4.8 GeV, m; = 175 GeV,

Born term: full line,

O(as): dashed line.

(tanB = 10)
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CONCLUSIONS

Summary

@ Radiative corrections to the unpolarized, polarized rates and

the asymmetry parameter can become quite large (depending
on the model and the value of tan 3).
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Summary

CONCLUSIONS

@ Radiative corrections to the unpolarized, polarized rates and
the asymmetry parameter can become quite large (depending
on the model and the value of tan 3).

@ We present a compact expression for the unpolarized and
polarized rates which can be employed to scan the predictions
of the 2HDM parameter space.
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