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A minimal set of top anomalous couplings

Probing new physics with the top quark

Preferred framework: gauge-invariant effective operators

L=Ly+ Lo+ ...
where
L4 = Lsm - SM Lagrangian
Le G Oy =>» O, gauge-invariant building blocks

T L2

Parameterise effects of new physics at scale A > v
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A minimal set of top anomalous couplings

Gauge-invariant effective operators

Many effective operators can be written in general

New physics contributions: some combination of them

. related by equations of
Not all of them independent => .
motion for free fields

Important: the relations obtained from these equations

are also valid for off-shell interactions [Georgi NPB "91 ... ]

Huge effort to classify dim-6 effective operators removing
redundant ones [Buchmuller, Wyler NPB ’86]

1= Most of work done ... but still some redundant!
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A minimal set of top anomalous couplings

Operators involving top trilinear interactions

Oii,’ij) = i(¢' 7' Due) (qun* 7' qi)) = (qui Dpugj) D

04,7 = i(¢' Do) (i7" qu) = (Duqui uR,)D“ ¢

OZ¢ = i(¢' Do) (atriy" diy) 0%, = (Gri Dudgj) D

0}, = i(¢" D) (uriy" ugy) 0%, = (Dnquidw;) D

Oy = (quo™ 7' ur)  W,., Oy = qun"7'D" quW;w

OZW (quic™"t de)‘{b WW OqB = g1y D" qijB v
uB¢ = (qLio"" ury) Buv 0%y = uriy" D" ugiB,u
uo¢ = (qu\'0" ug))$ Gy, 0l = quA'y"D" q1,Gy.,,
0%, = (¢'¢)(quiuri®) 0l = ag X'y D" ug;G%,,,

[Buchmuller, Wyler NPB ’86]
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A minimal set of top anomalous couplings

Operators involving top trilinear interactions

05" = i(¢' 7' Du) (G 7' qu)) = (qui Dyur;) D
O(I’U) = i(¢' D) (quiv*quj) = (Duqui uR/)D“ ¢
0, = i(¢"Dy ) (itriy" dy) 0}y = (Gui Dudr;) D
0!, = i(¢' Do) (itrivy" ury) = (Dnqui dR,)D” ¢
0’/ = (quic" TuR,)QSWW
OZW (quio*” ' dr))p W,
uB¢ = (quio” ”R/)(E’BW
0y = (@uX' 0" ug))$ Gy, 0l = quA'y"D" q1,Gy.,,
0%, = (¢'¢)(quiuri®) 0 = R X'y D" ugi Gy,
redundants dropped [Rattazzi, PhD Thesis]

[Grzadkowski et al NPB *04]
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A minimal set of top anomalous couplings

Operators involving top trilinear interactions

057 = i(¢'7' D) (@' a1y)
0L = i('D,u¢) (" auy)

0, = i(¢"Dy ) (itriy" dy)
0%, = i(¢' D) (iriy" ur))
0’y = (quo* TuR,)QSWW
04y = (quo™ ' drj)p Wy,,,

0u3¢ = (90" ur;) $ By
0%y = (quX'c" ug))$ Gy,
0%, = (¢'¢)(quiuri®)

redundants dropped [JAAS NPB ’09]
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A minimal set of top anomalous couplings

Operators involving top trilinear interactions

050 = 172087 + (081 i<
0L <1210 + (o) i<
0", = i(¢' Do) (triy" dry)

0L =1/2[0%, + (O5)1 i<

o'y = (C_ILiUMVTIMRj)()Z; wa

OZW = (QUUWT[de)‘{b W;Iw

O:ZBO = (quio"" ur;)$ B

0% = (quX'c" ugy)d Gi,,,

0L, = (¢"¢)(quiur )

redundant combinations OZ; o (0(’; q)T [JAAS NPB ’09]
and OZ;M - (OﬁH)T dropped
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A minimal set of top anomalous couplings

Technical details for fans

i i i ij ij
OqW’ OqB’ OMB’ OqG’ OuG

int. by parts & gauge field EOM

.. 1 .. .. 1 .. ..
of =3 |01+ (0] + 5 |0f — (0]
ij ji 8 3,ij 3,ji 8 A (3,kkij 8 1,1,ikkj
O+ )" = E[057 + (05| + Lo 0 + £ ol
8 (8,1,ikkj 8 1,1,ijkk
+EO§M J)—EO;(] )

! !
8 (1,if) (1ji)\t 8 (1,kkij) 1 Aikki 8 A(1,1,ijkk)
Z |:Oc">t/ + (Ooq ) ] - Z Olq + 8 0‘15' + g O‘I‘I

28 ) _ 8 i) L 8 o(Likk) _ 8 itk
_? Oqu - g Oqu + 6 qu - g 0:1(1

O+ (0)!
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A minimal set of top anomalous couplings

Technical details for fans

ij ij ij ij ij
OqW’ OqB’ OMB’ OqG’ OuG

int. by parts & gauge field EOM

. 1r . )
ol =3 [0U+ (0] +5 [0 - (0]

Ol + (0l = E[0),+0)] + 0 & ol & of
g i) | 28 i & ALk
120( /)+ 3 Oz(m/ ) 605“1/ )
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A minimal set of top anomalous couplings

Technical details for fans

i i i ij ij
OqW’ OqB’ OMB’ OqG’ OuG

int. by parts & gauge field EOM

o1 . . 1r . 5
of =3 |01+ (0] + 5 |0f — (0]

ij ji s ij} 8 s ikkj s ikkj 8 s ikkj
0;G+(0:;G)T 8701(12,1,,&)7i0(1,kk,)+870(8,1\1\1) 8. Ot(lllj,l\k,)

2 9 ™ 6 ™ 9
8s (8, ikkj)
+g qu
Ol +(0ls) = =800 1 £ 039 4 g 00" - £ o
8s (8,ijkk)
7 oL"
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A minimal set of top anomalous couplings

Technical details for fans

i i i ij ij
OqW’ OqB’ OMB’ OqG’ OuG

dual fields & quark EOM & Bianchi

17 . . 1r . .
0l =3 |0+ (0] + 5 |0 - (0d)]
ij ji 1 u ik ik U ji i
Ofy — (Ot = =7 [¥holv + i ol — ¥if (1) - ¥if (011

ij ji 1 u i i u jk jk

O:;B - (O;B)T = *Z [YJ 0:,;(;) + in O<§B¢ - YkiJr (afbo)f - Y/Z'T (0£1LB¢)T]
, L 1 . :

Oly— (0l = [¥e0lh, =¥ (0l
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A minimal set of top anomalous couplings

Technical details for fans

ij ij ij ij ij
OqW’ OqB’ OMB’ OqG’ OuG

dual fields & quark EOM & Bianchi

ol = [OU + (] + % 01— (0])T]

)
i 1 U U U

OqG (0] ) = 77 [Y O,fc() + Y/k 0dG¢ Yy ! (OZGO) dT (Of;\&b) }
j 1 —

OuG (OLJIG) = 4 [Ykz 0,,(,«, - )/jlj (Oﬁcc‘;)T]
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A minimal set of top anomalous couplings

Technical details for fans

i ol ol o
ODu ? Oﬁu ’ ODd ’ ODd

int. by parts & scalar EOM

y 1r . y 1r . y
U _ /) ij ij ij
ODx,Dx - E {ODX + ODx:| + 5 [ODX B Oij|

Oh,+ 0%, = —mquund + A0, + YGOU + ¥l 0L 4 vol™

up 17 qu

Oby+ 04, = —m'audyé+ A0}, + Y (O},

u ~(1,klij d 1,ijkl
qr[e)T + Yklotgq' & + YkITO((;d o
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A minimal set of top anomalous couplings

Technical details for fans

i ol ol o
ODu ? Oﬁu ’ ODd ’ ODd

int. by parts & algebra

y 11 . y 11 . y
i _ ) J _ vy _ Y
ODx,Dx ) {ODX + ODx:| + 2 [ODX 0ij|
/
ij ij 8 i 8 i 1 3,ki 1,ki
O%u - 0%14 = _ZOM/W + ZOL(/BQ - Eyjl;j [(OEM] ))T - (Ofgq ))Tj|
7 ji d j
+Y£IT(O/(,];“)T - thT(O,CI;o)T
/
ij i 8,.i & | 3,k 1k
Olt/)d - O%d = _ZO(;W - ZOC!B¢ - EYJkT |:0((r)q > + Oét] )]

Ak dt ki
Y, 0(;0 Y, Oéd
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A minimal set of top anomalous couplings

Technical details for fans

¢q > ¢q > du
int. by parts & quark EOM
3,7 3,ji u ik d ik u ik d ik
057 = (05" = Y0l = ¥i0, — Yi (01" + Y5 (0))
04,7 = (03, = =Y 0l = YOy + Y (04" + ¥ (0},

(O v 0, — vt (0l

up
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A minimal set of top anomalous couplings

Technical details for fans

Gi) L)
Os > Opg » Oy

Not all i, j flavour combinations independent!

Instead of O i,j=1,2,3
1 )
—  use 07 =3 01+ (o)) i<j=123
1. )
anddrop 0,7 = 5 [0;/ - (0;’)T} i<j=123
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A minimal set of top anomalous couplings

Technical details for fans

Gi) L)
Os > Opg » Oy

Independent operators:

3,itj i — B
OEMH-J) — 5 (ZJT(TIDM _ Dﬂ71)¢ (QLi’YuTIQLj)
1itj [ 350 o
Oéqlﬂ) = D) (¢TDM ¢)(CILi’YMfILj)
. i —
Oi;;j 3 (¢" DF¢) (giy" ;)
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A minimal set of top anomalous couplings

This is not a change of basis: operators in blue included in BW list

Ols = (quo™ dr;) By OZG¢ = (@uX'0" dy)¢Glu

O = i(6'D,ud) (driy" diy) 04y = (¢'9)auidis

04" = 1/2 (@ a) (@uvnqu) - 04y ™™ = 1/2 (@ X'q17) (queyuX*qu)
O™ = (" ) @ueuau) 0" = (7' 1) @ueru'qu)

O™ = 1/2 (e uy) (imcyuunr) Ol = (eriy" ers) (e ypttr)

O™ = (ary* ugy) (driyud) O™ = (@R X ury) (dreyu N di)
O = (luiugy) (i) 0 = (quiex;) (erequr)

O(L’ijkl) = (Griug;) (UrkqLI) 0(3’Ukl) = (qri\"ug;) (Ure A qui)
0(1 M = (quidgy) (drequr) 0(8 = (quA“dy) (dpX qui)
Ol = (luier;) (drequr) 04" = (quiury) [(Grie)” dr]

O;qul (qriury) [(ZLkE)TERI]

Effective operators in top physics



A minimal set of top anomalous couplings

A minimal set of top anomalous couplings

Wtb vertex - before

Lwp = —%E’Y”(VLPL-FVRPR)fWk7

g 5 io"q, _

_%b My (gLPL + grPR)t W,

B B Ly fikPR) + Pyt foxPr) | W
/30 oy V1P finPr) & g (o PL o+ forPr .

2

g8 9 7 LW _

_EMi‘z,Vb’ylgLPLth'
g 1 - W _
Zmb(qk”fk'q'y“)hLPLtWM +h.ec.
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A minimal set of top anomalous couplings

A minimal set of top anomalous couplings

Wtb vertex - without redundant operators

b’}/'u (VLPL + VRPR) t W

Lyp = — I

: 14
ict*q,

(gLPL + gRPR)t W; + h.c.
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A minimal set of top anomalous couplings

A minimal set of top anomalous couplings

dim 6 operator contributions to Wzb vertex

2
_ ~(33+3)x VY 33*
(5VL = C¢q P 5gL dW A2
2
33x V V
§Vr = fcd,d, v dgr = V2Cii 13

Saavedra
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A minimal set of top anomalous couplings

Top couplings in a nutshell:

(1 Gauge interactions: only v* and o#¥q,, terms

(2 Higgs: only scalar and pseudo-scalar terms

This is general for any fermion and process,
not only the top quark!

phenomenological analyses
This simplifies
Monte Carlo building
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The leading order approximation

The leading order approximation

Example: Wtb vertex from dim 6 operators

Lwp = —\% by* (VLPL + VirPg)t W,
g - ioc*q, _
_E Moy (gLPL—FgRPR)IWH + h.c.

. 2 .
Anomalous couplings ~ ¥ =>  an expansion seems reasonable

... but which one?

SM x dim 6 ~ 1/A? some authors only consider
(dim 6)> ~ 1/A% “leading” 1/A? effects, m;, = 0
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The leading order approximation

The 1/A? approximation

1/A? 1/A%
by, V= (6V,)? + dim 8 LL
bi"tk X (5Ve)” = 1 (5P e
bra"'ty X (961 = 2AC P4
bLotty  Sgr = V2Ch, % (5gr)? + dim 8 LR

keep only 1/A?> gz is it sensible?

edra Effective operators in top physics



The leading order approximation

Example: W helicity fraction F, , F, ~ 0inthe SM

007 007
0.06F — Regg ¢ 0.06; — Img, E
E|-- Reg, /1 Lo me
0'05; A // B 0'05:\ e ImV,
0045, = 0045
;Jomi— / f wFo0sf
00F N ] 002f
001k /’I * 0.01F
of - : of
_0>0_]0t2‘ L ‘-0‘.1‘ L \(I)\ L ‘O‘.l‘ L ‘(;.2 00]()t2‘ . .0‘,1 (‘) Oll 02
coupling coupling
toorder /A2 = F, = FiM approximation not sensible
to explore NP effects
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The leading order approximation

In the 1/A? approximation, many observables do not receive

contributions from new physics
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rder approximation

In the 1/A? approximation, many observables do not receive

contributions from new physics

Another example: FCNC
FCNC absent in the SM gz  BSM it is order 1/A*
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The leading order approximation

In the 1/A? approximation, many observables do not receive

contributions from new physics

Another example: FCNC
FCNC absent in the SM gz  BSM it is order 1/A*

Then, one must go beyond the 1/A? approximation

to have BSM phenomenology
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The leading order approximation

It makes sense to consider the lowest non-zero order

for each type of contribution
1= the leading order approximation

different NP structures

. —
justified by phenomenology give different effects

consistent within a 1/A expansion
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The leading order approximation

The leading order approximation

1/A? 1/A%
by, oV =Co (6V,)? +dim 8 LL
bi"t X (5Ve)” = 1(CE P e
brot"1y, X (0gL)* = (C33*) v
bro*ty dgr = \[CuwAz (6gr)* + dim 8 LR
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The leading order approximation

The leading order approximation

1/A? 1/A%
by, oV =Co (6V,)? +dim 8 LL
bi"t X (5Ve)” = 1(CE P e
brot"1y, X (0gL)* = (C33*) v
bro*ty dgr = \ﬁcuw,\z (6gr)* + dim 8 LR

.and withmy, #0, Vg2 ~ V3, gLk ~ g7 of the same order

ny

J. A. Aguilar-Saavedra Effective operators in top physics



W polarisation beyond helicity fractions

Application: W polarisation beyond helicity fractions

ry +1
T partial widths for t — Wb with W helicity 0
r_ —1

helicity fractions F; = I';/T' where ' =T'y + T +T'_

F,=36x10"4
In the SM at tree level Fy = 0.702
F_ =0.297

.- . Fyp=0.88£0.125
M CDF ’10
easured in #f production Fo = —0.15+0.0921 [ ]

They give information about the Wb interaction
[Kane, Ladinsky, Yuan PRD ’92]
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W polarisation beyond helicity fractions

A new idea

Use other directions to probe W spin

Transverse and normal directions

g => W mom in frest frame

q
s; => top spin
N=3§xq
T=gxN

meaningful for polarised ¢ decays

(e.g. in single top production)
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W polarisation beyond helicity fractions

21=
, : g4
In general, density matrix (F,-j = 1782 / M; dcos 9d¢)
_ 4]
Moo—A0+2 A cos
ny;
My =By (1 £cosb) :I:2‘q| B; (1 £ cosf)
M()j: =M = (C()*lD()):t (Cl 71D1) sin fe i¢
=0 \f My V2My
M+ = M7+ =
=Tgo/T
helicity fractions { F, =T, /T » testAg, By, Bj
F_=T__/T

transverse / normal polarisation involve off-diagonal Cy / D;
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W polarisation beyond helicity fra

Form factors including b mass (xp = my/mt, Xy = My /m,)
I7l2
Ag = @ [\VL\Z + |VR\2] (I —x%v) + {IgL‘Z + ‘gk‘Z] (1 _X%V) — 4w, Re [VLVE + grep]

_ 2;—;/Re [Vigk + Veer] (1 - 5) HA;L‘:,X” Re [Vig) + Vesx] (1+13)
A= % [\VL\Z - \Vklz] - [lgL\z - \gklz] - ZML;/RQ [Vigh — Vker] +2%xbRe Vig — Veel]
By = [\VLlZ + IVR\Z] (1 —)c%v) + % DXL‘Z + ‘gR‘z] (1 _X%V) ~duRe [V + ]

_ 2;—‘;/Re [Vigr + Vrer] (1= 53) + 2%% Re [Vief + Vaex] (1+53)

By

m2 m, m,
- [\Vle - |VR\2] + Mié [\ngz - |£’R‘2} +2M7t Re [Vigg — Vrey] + ZMerbRe [Vesy — Vreg]
w w w
Co= [Vl + 1Val® + leel + lerl’] (1= 53) = 26 Re [ViVi + ergr] (1+53)
m,
— —LRe [Vigg + Vagp] (1= 4y ) +4xwxRe [Vig] + Veei]
My

C

2 2 2 2 me 2
=2 [P 4 IVal® + e — s ] + 20 Re (Vg — Vs (144
w
me * * 2 4
Dy = e Im [Vigr + Vrer ) (1 — 2xpy +xW)
w

my 5
Dy = —4x,Im [VLV; +nglﬂ — ZM—Im [VLg; - VR}ZZ] (1 = xy)
w
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W polarisation beyond helicity fractions

Highlights (I): limits on F's
Sum rule
Fl=F)= %(m +F.)

fixes F{, F) from helicity fraction measurements

i==  but the FL, FY components are free!

Additionally,

1 1

for CP-conserving Wtb vertex
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W polarisation beyond helicity fractions

Indirect limits on FZ, FY

Limits from helicity fractions & single top xsec

transverse normal
0.7 Frr e e e 0.7 | | |
0.6F 0.6F
0.5F 0.5
0.4 0.4
& r z
0.3F 03F
0.2F + SM 0.2F + SM
L Tevatron ] L Tevatron ]
0.1F * LHC 3 0.1F e LHC E
O:uu\uu\uu\uu\HH\HH\HH: O:HH‘\\\\\\\H\\H\\\l\\\HH\\\\\:
0 01 02 03 04 05 06 07 0 01 02 03 04 05 06 07
F’ FY

ample room for departures from SM

FL, FY must be measured at Tevatron and LHC
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W polarisation beyond helicity fractions

How to measure?

¢ distributions in W rest frame P=1)
1 dT 3 3 3
= T (14+cos®FY + 2(1 —cos )2 FX + Zsin? 0F FX
006 e 67 => angle between /, g
oosk | :ﬁf:tﬁﬁfer) A determine F, Fo, F_
0.04 Normal (G;N) e

i GET —> angle between ¢, T
' determine FT, FL, FT

Events (normalised)
= =
5 2

(92’ —> angle between ¢, N
determine FY, FN, FN

=4
=

=
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W polarisation beyond helicity fractions

How to measure?

...and when P # 1, distributions determined by “effective” F's

~ 1+ P 1—-P
FIN _ { + FIN FT,N:|

+ 2 + 2 -
~ 1+P 1-P
TN _ T.N TN
- [2F 2 }
TN _ TN
FyY =F;

of course, F, Fy, F_ determined independently of P
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W polarisation beyond helicity fractions

Highlights (IT): probing CP phases

Normal polarisation

’|g 217 (Ao + B
Fgv:glleBO ri:gm 0+Bo , 7 4], D,
327 327 2 4 My

directly probes complex phases of Wtb couplings:

* * m * *
Dy = —4xIm [V, Vi + grgr] — 2M—t Im [Vogr — Vrgr] (1 fx%V)
w

* F 1 = FY in the SM and for real Wb vertex

% FB asymmetry in cos 0?’ distribution ~ Ajg = % [Fﬂvr — FN ]
probes complex phases (is zero if Wb vertex real, e.g. SM)
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W polarisation beyond helicity fractions

FB asymmetry Ay

very sensitive to Im gg

much more than triple-product correlations in ## production
[Gupta, Valencia PRD *09]
= (0.0886 £ 0.0015) Im gr
Ay = (0.0191 + 0.0015) Im gg
Az = (0.0328 £ 0.0015) Im gg

equivalent to asymmetry suggested in [Kane, Ladinsky, Yuan PRD "92]
(now analytically calculated in terms of Vi, Vg, g, gr)
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W polarisation beyond helicity fractions

Highlights (IIT): The global fit

Wtb vertex (complex) can be determined in a model-independent
way using:

@ helicity fractions

@ the tW single top cross section (no 4F contributions)

(3 asymmetries in top rest frame and FB asymmetries Agl’_,,N
in #-channel single top production

single top polarisation P is taken as a free parameter
and extracted from the fit
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W polarisation beyond helicity fractions

The global fit results

12, 0.6
08 B 04F B
04 B 02f B
e y P=10.83—-1
v OF B h : B
& E
osf ] 02t ] (input P = 0.9)
FO®c®A L
08¢ . FoceA®AL| ] 04F
12 | I I 0.6 1 T I
02 04 T2 14 b6 04 02 0 02 04 06
Reg,
0. 0. 06
06F E
04f ] 04fF B
04F Bl
02k 1 02f ] 02 B
< ~ b =
= o %0
5 0 E 0 E 0
02F E
02F q 02f B
04 E
FOc®A 04f E F&ooA B
0.6F o FOc®ABALY| 7 o FOoOABAL)
0 T T I T T 0 I | | L | .
8 06 -04 02 0 02 04 06 08 D6 04 02 0 02 04 06 02 04 06

Re V, Reg,




W polarisation beyond helicity fractions

Highlights (IV): new physics signals

Top observables b — sy

Re V, < 0.62 ) Re V, < 0.83

Re V, > 1.21 iy Re V, > 1.07
Re Vg < —0.111 . ReVg<—0.0015
Re Vi > 0.18 P+) Re Vg > 0.0032
Im Vg| > 0.14 (p+) Im Vg| = 0.01
Re g; < —0.083 (02) Re g; < —-0.0019
Re g; > 0.051 P+ Re g; > 0.00090
m g;| >0.065  (ps)  [Im gz| = 0.006

Re gr < —0.33
>

IRe gg| > 0.056  (A}) Re g5 > 0.76

IIm gg| > 0.115  (AN) -

(at 30)

Saavedra
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ADDITIONAL SLIDES




The leading order approximation

Leading order # tree level in general

Example: gg — H at LO

)

)

it takes place at one loop

more important than other tree-level H production processes
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Distributions and asymmetries

W helicity fractions and related observables

o. T T
— Anaytical
o — 1
06 e S ]
‘o e S
A N\,
8 osp N\ i
z N,
= o4k . i
5 N
L o3 N i
S \
02 o
\
01 N\
L Il Il Il L Il L S
T 075 05 025 0 _ 025 05 075 1
cos6)

[JAAS et al. EPJC °07,08]
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Distributions and asymmetries

W helicity fractions and related observables

—> Fo,F_,F,

/ (w1thFo+F +F =1

0. T T
— Anaytical
ot 1
06 st -
o
8 os-, B
s
= 04r N -
° \\
L o03f \, B
- \\
021 N
\
18 N\
L Il Il Il L Il L S
-1 -075 -05 -025 0 025 05 0.75 1
cos6)

[JAAS et al. EPJC °07,08]
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Distributions and asymmetries

W helicity fractions and related observables
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Distributions and asymmetries

W helicity fractions and related observables
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Saavedra

- F),F_,F,
(w1thFo +F_+F;=1)

F

_F —
fit = pr=F.pL=F
(independent parameters)

pr 1= bestlimit on Vg, g1

count events =>» A4
asym. around F(2%/3 — 1)
AL > bestlimiton gg
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Distributions and asymmetries

Top rest frame observables

Polarised top decay in top rest frame N , '
1 dI' 1+ axcosty ()1/%/
T'dcosfy 2 7 [, ) b

[Jezabek, Kuhn PLB *94] \

® i+, au, oy called ‘spin analysing power’ of (1, v, b
e they depend on Wib couplings Vi, Vg, g1, gr

apr =1 a, = —0.32 q =-0.41 treelevel
ap+ =0998 «, =—-0.33 «a, =-0.39 oneloop

[Bernreuther et al. NPB ’04]

@ SM values

look for spin

@ top spin not directly measurable => .
asymmetries
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Distributions and asymmetries

Top spin asymmetries

#j production: spin asymmetries

X = top decay product => [y = momentum in ¢ rest frame

pj = jet momentum in ¢ rest frame

o Ay N(Q>0)—N(Q<0)
Q = cos(px,p;) => N(Q>0)+N(Q<0)

- %Pozx [P =095 (1) P=—093 (7]
[Mahlon, Parke PLB ’00]

o
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