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Outline & introduction

[

» CP asymmetries in angular observables
» CP asymmetries in rates
» CP asymmetries in triple products (baryons)

» Experimental challenges (LHCb specific)

» Detectors are made of matter, not CP symmetric...
- Reconstruction eff. asymmetries of ~1% at LHCb

> Initial pp state not CP symmetric, particle/anti-particle
production asymmetric

- Can measure this, or construct observables which are less
sensitive (angular, triple products)

[ ——  — i S ———— i i S ————— i S ——— S ———— S

Lyon, 2019 Eluned Smith



CP asymmetries in angular
observables



Example: B — K*°[— K*r

I

[ e e — - e e

» Decay fully described by:

ﬁ — (COS HZ,COS Hka ¢),q2

e

(a) Ok and 60, definitions for the B® decay (b) ¢ definition for the B® decay

» K*Y has 6 complex amplitudes Agj’ﬂ, W
on different Wilson coefficients |Ci=7.9,10

LR . .
"\ via angular coefficients

» Access to AO’LH

O — —

nich are dependent
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CP asymmetries in angular observables

[ e e e —— e e e - e P e e I )

» Full angular description of the decays via the 4-differential

distribution Angular coefficients
d4F[§O—> E*O,Lﬁ,u_] 9 A
dq? d§} T 32r ;[i(q i%(ﬂ) and
d4f[BO—> K*O/PL,u_] B 9 - )
INg: dg? d©) 327 Z]i(q ) [i(€2)
» Expanding: :

I(q% 0,,0k-,0) = I sin® O+ + I¢ cos® O+ + (IS sin® O« + IS cos® O+ ) cos 20,
+ I3 sin? O+« sin? 6; cos 2¢ + I, sin 20~ sin 26, cos ¢
+ I5 sin 20k« sin 0; cos ¢
+ (I§ sin? @y« + I cos? Ox+) cos 0; + I sin 20k~ sin 6; sin ¢

+ I sin 20k« sin 20, sin ¢ + I sin? O« sin? 6, sin 2¢ .

———— e e ]
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CP asymmetrles in angular observables

GE——————

S— — — ]

> Swapping B — K*upu < B — F*O,u,u

a=Ss,cC

[1(a2)347_>[1(a2)3477 IEE?G),S,Q ? [5(a6)897
» Why the sign?
> 0 is defined always relative to the positive muon

» 0K is defined always relative to the kaon, which changes
charge in the conjugate

.. B 6’;%9;—#

KT
[ K*0 _ oK ¢ % —¢

(a) Ok and 6, definitions for the B° decay
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CP asymmetries in angular observables

(e e — E— E— ]

_ dI'  dr
S, = (IZ-+]Z-) / (dqQ | dq2> CP-averaged

. dr  dr
o (5

» The difference between charge conjugates in the angular
observables gives sensitivity to CP violation affects

» The T-parity of A; is relevant for CP-violation sensitivity

[ ——  —  — S ——————  — i S ————— i S ——————— S ——————— e sy
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Observable sensitivity

[

S— E— — ]

» CP violation: seen in difference between weak phases Ay

» Also have difference between (CP conserving) strong phases A g

T-odd T-even
lodd under ¢ — —¢] [even under ¢ — —@]
o< cos Ag sin Ay ox:sin Agsin Ay
Asymmetries associated with Asymmetries associated with
1789 I ¢
2 :
> Low ¢~ predicted to be small

» T-odd observables thus much more sensitive to CP effects

[ ——  —  — S ————  — i S ————— i S ——— S ———— S ]
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Observable sensitivity

[ e e e —— e e e - e P e e I )

1Gp
V2

Hofr = A

2
1;2 Y (Ci0; + ClO;}) + hc.

T-odd
O(1) in case of non-standard CP violation
T-even

(O(0.1) in case of non-standard CP violation
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Observable sensitivity

[ e e

e e e ——

e S e S ——— S ——————— S ]

Most interesting observables: CP-conserving data

27 S L
Obs. low ¢? high ¢* 95% CL mmmn
/ 4 68% CL mwwm
BR  C79,10,C7910 C9,10,Cg 19 |
3m | SRS OO _
Fr C79,Ci910  Coo 2 |
Sz Crag Co.10
Se Cr10,C7 10 Co 10 2 4 /BSMACP ---------------- .
- scenario
S Cr.9, C’,7,10 Cy, 06,10 Sensitive to Re(C;) :
A 07,09 C9.10: Co.10 o '
A7 C7 10 C, — | 5_ ------------------------------------------------- i
A o ,7’10 , Sensitive to Im(C;) |- | |
1438 ; Cr9, 07,9,10 09,10 v JHEP 1107:067,2011
: / / il g ;
Ay C7,10 09,10 0 —
0 35N 6 9 12 15
T-odd |Co|
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Extraction of A;: B® - K*°— K™

[ e e e —— e e e - e S P e e e )

Perform unbinned maximum likelihood fit to determine angular observables

o
« Use reconstructed B mass for signal/background separation
« Use reconstructed ™M K+ mass to constrain non-resonant S-wave
— T T T T T T T T T Ty — T T T T T T T T ] — -
S oL JHEP 02 (2016) 104 LHCD 1 S | LHCb ;B b LHCb ]
- I 1.1 < ¢*<6.0GeV¥et | E X 1.1 < ¢?<6.0GeV¥et | U 11<q2<60GeVyeh
) L 4 B i
g [ 1 3 = I ]
= | ] = 100 =) -
2 60 = \ > o0 + + ~
g g &c; 1 1T 1]
Q 40 O T 40 T -'——L o _1_
o - N
50 g |
20 O 20f N
et A i
H N : . e T S
Ql -0.5 0 0.5 | 0-l -0.5 0 0.5 | 0 -2 0 2
cos 6, cos 6, ¢ [rad]
s [ " LHCb 12 7 | " LHCb 1
% - 1.1 < $2<6.0 GeV¥/ct % 150 1.1 < ¢2<6.0GeV¥/c*+ —
= 100F 4 = [ ]
e 1 S ]
I 1 100 .
2 | 1 & ]
S S0F 1 8 + ]
S - 102 - _
& I | g 50_ 1
Sk 1 S I ]
Ik J ' * * -1 L i :
Rl SR I A LB e e WA 0 R ey
5200 5400 5600 0.8 0.85 0.9 0.95

m(K ) [MeV/c?]

m(K*rm") [GeV/c?]

———— e

Hausseminar, 2019
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Aside: angular acceptance

[ S— — — ]

» The reconstruction and selection efficiency must be
calculated as a function of angles and ¢°.

» Efficiency can be parametrise using Legendre polynomials

e(cos By, cos Ok, ¢, q°) = Z Crimn(cos Oy, k)P(cos Ok, 1) P(¢, m)P(q°,n)

k,l,m.n

» The coefficients Ck.i.m,n are calculated via the method of
moments using large statistic MC samples

R EN: 2k 41\ (2041 [2m+ 1\ (2n+1
R P R AN > ) >

x P(cos by, k) P(cos O, 1) P(6, m)P(¢?, n)]

[ ——  —  — S ————  — i S ————— i S ——— S ———— ———— ]
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[ e — e e —— E— e e —— E— R —— R ——— e e ]
<l\ 05 T T T ‘<Q°o T T T T T T
- - 0.5 0.5 -
JHEP 02 (2016) 104 [ HCb ] . LHCb - LHCb .
-+ ' _ | —t — L ] —— } ——
0 = 0 —— oft
e ! — 1t T B + —t+ |
0.5 | . - 05 . o 05k _
: : . . . I L
0 10 15 0 10 15 , 0 5 10
q* [GeV? ¢4 q* [GeV?/ ¢4 7 [GeV/cH]
¥ i 0.000F oI ! ' ' '
[ JHEP 0901:019,2009 - -
0.005T ] ; 0.00020
~0.001
0.004 ] [
[ 0.00015
0003; ] ~0.002
A7 R
i _ 0.00010
0.002 | ] ~0.003 |
- NLO — 0.00005 f
0.001 - LO 7 ~0.004 | _
2000 i 3 3 000000} ~ mo-
2 2 2 2
¢* (GeV?) ¢ (GeV") ¢* (GeV?)
r ————— R —— ———— ————— S e ———— — e mas—————)
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JHEP 02 (2016) 104

Source Fi S3—Sy | As—Ag | P-P; q5 GeV?/c?
Acceptance stat. uncertainty | < 0.01 < 0.01 | <0.01 | < 0.01 0.01
Acceptance polynomial order | < 0.01 < 0.02 | <0.02 |<0.04 0.01-0.03
Data-simulation differences | 0.01-0.02 < 0.01 | < 0.01 | < 0.01 < 0.02
Acceptance variation with ¢* | < 0.01 < 0.01 | <0.01 | < 0.01 —
m(K*r~) model | <0.01 <0.01|<0.01 |<0.03 < 0.01
Background model | < 0.01 < 0.01 | <0.01 |<0.02 0.01-0.05
Peaking backgrounds | < 0.01 < 0.01 | <0.01 |[<0.01 0.01-0.04
m(K+tr~pu p~) model | < 0.01 <0.01|<0.01 |<0.02 < 0.01
Det. and prod. asymmetries - - < 0.01 | <0.02 —

Systematic effects very small compared to stat.

Statistical errors ~ 0.05-0.150

— ————— R e
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Example: BY — ¢(— KK)upu

» Not self tagging (hadrons same type) so can only access CP-
averaged when no sign swap, CP- asymmetries otherwise

(a) 7(a) (a) 7(a)
39347175347, I5680 = —I5689;
1 dsT 9 13
— — | =(1 — Fy)sin® 6 F 20
dI'/dg? dcosf; dcost AP 327 [4( L) sin® O + Fi, cos™ O
1
+ Z(l — F1,) sin? Oy cos 20; — Fy cos® Oy cos 20,

+ S3sin? O sin? 0; cos 2P + Sy sin 20, sin 26, cos P

+ As sin 20 sin 6; cos ® + Ag sin? O cos 0, ]

i + S7sin 20k sin 0 sin ® + Agsin 20 sin 260; sin ®

| |

i + Ag sin? 0 sin? 0; sin 2P | . (1

1)
.

r ————— —— e ———— ————— —— e ———— e e mas—————)
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Example: BY — ¢(— KK)upu

[ e e  ——

e e e e  ——

(o T T T T

. —— . 1Y :
§ " JHEP09(2015)179 LHCh 1 S 15000 LHCb
L - (D) _ 0 -
O Bloowu] = f B v
I 1 = 10000F -
-] " 4 — _ -
— i 4 -~ - -
> 50F 1 & s000F 3

2 | 1 8

(D) 1 - =
- . - NOD USSP
s - i o e avsnaes Ml 5300 5400 _ 5500 _
5300 5400 5500 _ m(K*K 1t ) [MeV/c?)

m(K*K utu) [MeVic?
N : L L L : (\! : L L L : on N I I | ! "
S 4b JHEP09(2015)179 LHCb{ < | LHCb ] g g LHCb 1
S 1<@<6GeViIc] 3 40F l<q2<6GeVic 40 1 <q2<6GeVYci™
= | 1 = I | ] 2 ¢ ;
530: ‘*’QH; : 530_ | 5 30F T E
| - X MmO -
: 20F 20_—‘ T + InE E
L :
0
-1 —0.5 0 0.5 1 -2 0 2

cosf d [rad]
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Example: BY — ¢(— KK)upu

-1 00— -l 0}—mm m™Mmm————————7——
< f LHCb] < f LHCb
0.5F - 0.5F -
0.0 -+—+—*— ------------ + --------- —i—‘{‘— 0.0 1}—_4—+ ----------- e el S
-0.5 - - 0.5 - -
THEP09(2015)179 :
_1.0 PR T 5 — .10. — .15. PR _1.0 . 5 —— .10. —— .15. ——
q* [GeV?/c* g* [GeV?/c*
ol O———— 1.0 ———————
< LHCb] < f LHCb
0.5F , 1 05F i -
0.0 :{_ ----------------- o ++<F 0.0 F ----- e R e
0.5F 1 osf :
q* [GeV?/c* g2 [GeV?/c*
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1.0 . el :
< F LHCb] < f LHCb :
0.5F . 0.5F .
0.0 —{—ﬂ‘——*— ------------ Jr --------- =14 00 :+_—Q——+- ----------- e et
0.5F 1 05 -
THEP09(2015)179 :
_1.0' M P 1. 1 _1.0' P | 1. 1
Prospects: For the A; variables inBy — oupu & B — K*° uu
< 1O Run 2 updates should significantly reduce the stat. uncert. [
0.5F - 0.5t + =
ST M Y T -+
0.5F 1 05 :
_1.0 — 5 — .10. s .15. — _1.0 — 5 —— .10. s .15. —
g* [GeV?/c* g2 [GeV?/c*

Example: BY — ¢(— KK)upu

Lyon, 2019
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CP asymmetries in rates
r-T
r+7T

Acp =

19



CE——

b — dll suppressed wrt b — sll by %
ts

Acp(BT — 7 u" ™) expected to be no vanishing

Lyon, 2019
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Phys. Rev. D 92, 074020 (2015)

_04 | | I 1 | I I 1 | | | | | I 1 1 |
L]

0 2 4 6 8
g*(GeV?)
Bin [GeV?] | [0.05,2.0] 2.0,4.0] 4.0,6.0] 6.0, 8.0] [1.0,6.0]
Agp? | —0aTIRT | —0.15610.037 | —0.00910.037 | —0.0910,08% | —0.143+5 038

r ————— R e ———— ————— S e ————— e e mas—————)
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[(B™ =»7mpp”)—T(B" =7 pu p”)
I'(B~ =7 putu )+ T(BT = ntutyu~)

I _NB w1 ptu) = NBT = rtutu) |

LARAW - NB™ »aptp )+ N(BT = atutu)
—d

Acp(B* — ™) = Araw —[Ap]-[Aper)

Production asymmetry

(—0.6 + 0.6)%

Phys. Rev. Lett. 114, 041601

Detector asymmetries

— ————— R e ———— ————— S e ————— — e mas—————)
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Detector asymmetries: Phys. Lett. B 713 (2012) 186

Dt — afD° D° —» K—ntrntn

Compare fully reconstructed DV to partially reconstructed (pion missing)
10—
s | LHCb - -
~ [ "% MagnetUpP . Binned in p, P+ and
— " _m- Magnet DOWN Phys. Lett. B 713 (2012) 186 - . _
*e 1.051 - azimuthal production
© : angle
1.00 'E%%:f'-:————-.'-----
_ | l : ext [€x = 0.9914 + 0.0040
: | : e+ Je. = 1.0045 =+ 0.0034
0.950—— L '

PR I R B PR T T B R R
20 40 60 80 100
Detected Momentum of &t (GeV)

i ————— R e ———— ————— S e ————— e e mas—————)
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vy
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1
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|

~ 07— 17 71— = ~ 77— 71—
NU C JHEP10(2015)034 NU C JHEP10(2015)034
=~ 35F = =~ 35F =
> LHCh % LHCb
2 30 s B 7T u u —: 2 30 — e B T u+u —:
S ~,<H B e B*>Kutuw = S ~H M e B —-K utu -
25 — = 25 =

N | 2% B—Du~v 1 < “H I B-D%utv 3
> 20 B —p™pw 5 20 B —p’ i -
g 15 Biofar'w 4 3 1sf Bi=folt' 3
= rmm Combinatorial § 2 - : rmmiee Combinatorial 3
g 10p 4 T8 10fF ! E
& 1 § P :
O 5 H. 1 O sgu TIT: ! 1 + + 4, =
0 eyt Pty i 4‘ . OEiJ’l' Al _uf-yi:‘ %A‘L’L’fh P e o

5200 5400 5600 5800 6000 5200 5400 5600 5800 6000

m(Ttrut) MeV/ce?) m(Tun) MeV/c?)

N(B*—= n*ptp™) | N(BT = ntutp™) | N(B™ = 7 ptp”)

92.7 £ 11.5 51.7 = 8.3 41.1£7.9

Simultaneous fit between m(rTu™p~) and m(K*u™ ™) constrain cross-feed

[ ——  —  — S ————  — i S ————— i S ——————— S ——————— e sy
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T T ; T 0 ~ 40 I I I I .
JHEP10(2015)034 E NU E JHEP10(2015)034 E
LHCb - LHCb :
e B+_>n+u+u' —; 2 30 :— s B _)TC u u —;
---------- B*—)K;u’fu e - e B KUt 3
------------------ B—»Duv 1 T e B — DOV
Bz’+—>p°’+u+u' 1 3 Bz"—>p°"u+u' E
Bi—fh'w 4 & Bi—fun =
<mm Combinatorial 3 '_g —irmme Combinatorial 3
E & E
H e Lt
5200 ] 5400 5600 5800 6000 5200 5400 5600 5800 6000
m(Ttrut) MeV/ce?) m(Tun) MeV/c?)

Acp(B* = nptp~) = —0.11 £ 0.12 (stat) & 0.01 (syst)
on, 20 Eluned Sn?th - B B - - vt25 -

Lyon, 2019



Acpin B — KW decays

« 0.5 — T ] o 03 T

< 04F| LHCbH JHEP09(2014)177 = < LHCb
03F —; 0.2 -
02F -

F 0.1F E
iR SRR R I : o lﬁ VY
ap T e +———¢ﬁ-——+—T—F;
02F 0.1} —
03fF F T +
04F 02¢ E
) 5 0 s w0 0.3 I S—T s

¢* [GeV?/c*] q? [GeV¥c4]
s 0.5r | :
I_HCb < 04" B KI'l
Acp(B® — K*ut ™) = —0.035 £ 0.024 £ 0.003, o> BaBar “B KT
0.2 =
Acp(BY — KT p ™) = 0.012 4 0.017 £ 0.001, N
0: 1
Belle [Phys.Rev.Lett.103:171801,2009] o -
-0.2— —
Acp(K*0T07) = —0.10£0.10 +0.01 , 03 £
Acp(KHeHe7) = 0.0440.10 £ 0.02 . oap PSREB SRR ;
05 10 520
e
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CP asymmetries in baryons using
rates and triple products

27



Ay

» b — sll transition in baryon sector

» CP asymmetries looked at in rates and triple products

[ ——  —  — S ————  — i S ————— i S ——— S ——————— e
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le.g. 10.
Acp = Araw —|Ap|-[ApET)

» Detector asymmetries for final state well-measured

» Production asymmetries for Ay measured at LHCb for first
time in 2017, after this result

» Solution: measure AAcp between modes with same mother

» Measure relative to mode: IAb — pKJ/@DI Assume CP-conserving
Aaw & -ACP(Ag — pK—ﬂ+N_) + prod(/lg) _Elrecou;) + AreCO(p)I

A.ACP_ACP(A — pK " o) — ./‘lCP(/1 — pK~J/)
NAraW(AO%pK o ) raw(Ag%pK J/?vb)

— ————— —— e ———— ————— —— e ———— e e mas—————)
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Ap — pK pp

[ e R
—_ 3 _ N Py 5 —() —rt -4 -
LI100F * A, = pKu*y data 1 <100} + 4, = PK*uu* data .
> [ =Full fit ] =  [=Fullfit i
2 o[ Signal 1 < ..I Signal 1
= S0F 8 LHCb 4 = so} LHCb -
. 0 - - Background 1 = - | Background -
First S SO
: 8 60f % 60} -
observation, A 50
. i) i) [ N
600 events in g% Y
total 20 20f .
54 5.5 5.6 5.7 5.8 54 5.5 5.6 5.7 5.8
m(p K~ utu-) [GeV/c?] m(pK* u-u*) [GeV/c?]
B e Anns B B
Q -+ Ay, = pKJ/y data ) + « A, — pK*J/y data
> L == Full fit H > L —Full fit
[P} : 1 O .
2000 Signal - 2000+ Signal -
oi Background LHCb . oi Background ﬁ - LHCb -
< 1 <
2 ' 1 =
21000 | 1 Z1000F | -
O " JHEP 06 (2017) 108 } 1 O i _ '

Lo n
54 55 56 5.7 5.8

e

Lyon, 2019
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m(p K J/y) [GeV/c?] m(PK*J/y) [GeV/c?]
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Ap — pK pp

[ e e e
T_I'_I'_I'_I—I'_I_I'_I'_'I'_'I'_I'_'I_I_I_I'_I_I'_I'_I'_
N\C 100F * A, = pK u*u data - 13 100F * 712 — pK*pu* data -
> [ =Full fit ] > [=Fullfit :
S ool Signal 1 S oo[ Signal 1
80 LHCb - 80F LHCb -
Fl rs t . i Background 1 = i Background 1
: % 60} 5 60f
observation, 3 R
. o o i
600 events in  § % Y
total 20 20}
PR ST TR T T N T SO ST TN T RN TR £ PR T T T [T ST SN ST S T SN TNNY TNNY RN S TN T
585 5A 57 59 54 58 ___S8SA 57 58
_o[c?
AAcp = (—3.5 £ 5.0 (stat) & 0.2 (syst)) x 1077
& T A = pKJiydaa & F +A, —>pKJpdata
> L == Full fit = == Full fit 1
O : ) .
2000f Signal - 2000F Signal -
oi Background LHCb oi - | Background p LHCb .
3 3
= =
= [ 2
S 1000} 4 =1000} -
S - JHEP 06 (2017) 108} S - 1 :
54 5.5 5.6 5.7 5.8 54 55 5.6 5.7 5.8
m(pK-J/p) [GeV/c?] m@PK*J/yp) [GeV/c?]
*:r ————— —— e ———— ————— —— e ———— e e
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» Can also look at triple products (TP):

gTriple product

.............. \ prOportK)nal tO
Cs = pu+ - (Pp X Pk-) \
Ci‘ —. ]3;,— ' (ﬁ;) X ])1\+) 4
A — N(C7>0)—=N(Cz; < 0) A~ = N(_F
T=N(C;>0+N(Cz;<0) T~ N-Cs
T-odd — l A~ — ZA
Aop = 9 ( T T) ’
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Ay = K

e —

» Can also look at triple products (TP):

» Triple products are CP-odd variables, which, because of
now they are constructed, are not dependent on
oroduction effects

» Non-zero triple product value -> CP-violation

» Also complement Acp search for CP violation as:

Acp

dF f_even e e : (& (& : e (&
o ajas sin(0] — d3) sin(@] — ¢5),

AP | p_oqd
Enhanced with large strong phase differences

O — —

Triple product

ar T—odd

3 x aja] cos(d] — 07)sin(¢] — ¢7),
CP—odd

Enhanced with small strong phase differences

S ————  —

Lyon, 2019 Eluned Smith
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e — E— E— e

0
Ay = pKpp
» Can also look at triple products (TP):

» Triple products are CP-odd variables, which, because of
now they are constructed, are not dependent on
oroduction effects

» Non-zero triple product value -> CP-violation

» Also complement Acp search for CP violation as:

Acp Triple product

T\—even —
j_(II; X CLTCLS Sin(df — 5;) S1n ag}?dd — ( 1.2£5.0 (Stat) + 0.7 (Syst)) X 10—2,
CP—odd

a}r}Odd = (—4.8 £ 5.0 (stat) £ 0.7 (syst)) x 1072

Enhanced with large strong phase ¢

[ ——  —  — S ——————  — i S ————— i S ——————— S ——————— e
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> Equivalentto BT — 7w in the meson sector

» Statistics should be high enough in Run 2 to do Acp

I 1 1 1 1 I 1 1 1 1 I 1 1 1 ! I

NO JHEP 04 (2017) 029
> | LHCb _
% 30 —— Data
= i . ]
0 — Signal and bkg
- MA)H*I\l N .. a—
g P Ay—> prop
3 1 N S Combinatorial
av]
% 10~ - Part reco B
= .
0 e 'il LI‘ L
5500 6000 6500 7090
My, / (MeV/c?)

r ————— —— e ———— ————— —— e ———— e e ]
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Summary

[

S— — — ]

» CP asymmetries offer good tests of the SM

» Different CP-violating observables are complementary with
respect to both experimental effects and in relation to strong
phase differences

» Angular CP-violating observables are effective at
constraining Wilson Coefficient phases

Thank you for your attention!

[ ——  —  — S ————  — i S ————— i S ——— S ——————— ———— ]
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EXp reSSi()nS f()r A] JHEP 0807:106,2008

[ e e e —— e e e —— e S ———— R —— e e e )

i [T+ T

2 — |2 —
TH—T" TH+ T
P o oy (e — —5w)} +0 (mi/q*) (D.1)
§1 §1
- 2 12 712 + _ - - —
As = A2mf’5lRe{”f" U _ 7T T crp LTl o (5 —5W)},
s s §1 3 3
(D.2)
A T T (7))
AD——ADmbAﬁlR{ LR N (oA L L 6w = =5 }
s ¥ ‘L 3 (Cy — Cg)* — 21y, N3 (ow w)
(D.3)
: - T - T
AP = —AD”f“bRe{ LIRS R OB s Cls — (S — —5W)}, (D.4)
S §1 9| §1 4|
A + - + -
Ag = A4?bRe{71 ;TL Cyy — LT Cre — (0w — —5W)}, (D.5)
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Expressions for Ai e

[ e e e —— e e e —— e S ———— e e e e )

. — T\
A7 = ADn?bIm{(Cm — CYp) T_ + 1) - (ow — —5W)}> (D.6)
S 1 9|
7 T T 7'_ o 7'_
2 S €¢€\| §1 €\| & €||
+ CgCé* -+ ClOCﬁ) — (5W — —5w)}, (D.7)
_ 2y TO(T )" i [T =T o T 4T
Ag = —-A 2511m{ 32 fi + 3 [ €_|_ Cg fL 09 ]
— CyCy" — C1Crp — (dw — _5W)}7 (D.8)
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