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Where do we stand? (In CP-
violation measurements)



CP - what have ATLAS and CMS measured so far?

e Correlations in the momentum distributions of leptons produced in the decays

h 5 ZZ* _l l_l S.Y. CHol, D.J. MILLER, M.M. MUHLLEITNER AND
(ll 1) ( 2 2) P.M. ZERWAS, PHYsS. LETT. B 553, 61 (2003).

h —_— M/ ‘/‘/ * - (llvl) (12V2) C. P. BUSZELLO, I. FLECK, P. MARQUARD, J. J. VAN

DER BlJ, EUR. PHYsS. J. C32, 209 (2004)

The Higgs CP nature has only been established assuming that h;,5 is a CP eigenstate.

ATLAS, 1307.1432

IF CP(H)=1, HZZ(WW) COUPLING IS JUST A CONSTANT

RELATIVE TO THE SM ONE, REVERSE NOT TRUE!

hVV hVV
8coHpm = cos(a,)cos(fp-a,) 8sm




CP - what have ATLAS and CMS measured so far?

e Effective Lagr‘angian (ATLAS HOTCI'”OH) ATLAS, 1506.05669

Ly = {COS((Y)KSM [%gszZpZ" +gawwW,; W ‘

— 4% [cos(@)knzz 2,0 2" + sin(@)kazzZ 2" || Xo

Here V* represents the vector-boson field (V = Z, W*), the V" are the reduced field tensors and the
dual tensor is defined as V¥’ = %S”VP‘TVPU. The symbol A denotes the EFT energy scale. The symbols
ksm, kgyy and k4yy denote the coupling constants corresponding to the interaction of the SM, BSM
CP-even or BSM CP-odd spin-0 particle, represented by the X field, with ZZ or WW pairs. To ensure
that the Lagrangian terms are Hermitian, these couplings are assumed to be real. The mixing angle a
allows for production of CP-mixed states and implies CP-violation for @ # 0 and @ # «, provided the
corresponding coupling constants are non-vanishing. The SM couplings, ggyy, are proportional to the

HAVING ALL EXTRA COUPLINGS COMPATIBLE WITH ZERO

DOES NOT MEAN CP-CONSERVATION!

Coupling ratio Best-fit value 95% CL Exclusion Regions

Combined Observed Expected Observed
Kgvv/Ksm —-0.48 (=00, —-0.55]11J[4.80,00) (—00,—0.73]1J[0.63, o)
(RAVV/KSM) -fan « —0.68 (—OO, —233] U[Z.))O, OO) (—00, —218] U[083, oo)

. lv
Kavv = ZXKAVV
_ | Y
Kgvv = ZXKHVV



Radiative decays of A to ZZ (WW)

* AVV couplings can be generated at 1-loop - possible in extensions of the scalar
sector such as 2HDMs.

* ATLAS and CMS results have shown that if these corrections exist they are
small.

Myp-206v —— ] For each particular model one should check

=250 GeV —— |

A— 77 (W'W)

BR(A%)

0 1 2 3 4 5
tan3

ARHRIB, BENBRIK, FIELD (2006).



The C2HDM as a counterexample

e Complex 2HDM - three neutral scalars have indefinite CP.

* Interaction of each scalar with the Z bosons comes exactly from the same kinetic
term as the SM one

WV %
gconpn = €0s(a,)cos(p-a,) ggy

* Analysis of the correlations in momenta will not allow to draw any conclusion on
the scalar's CP. They show however that any radiate contribution to CP-violating
terms in hZZ(WW) is small.

* Using again the C2HDM as a benchmark, if all neutral scalars have indefinite CP it
is likely that we get the first hints in the study of the process

pp—=h—1'1T

And later (in luminosity) possibly also using

pp —h(—bb)tt



The Complex 2HDM as a benchmark
model for CP-violation studies



The (C)2HDM

V(@,, ®,)=mD;®, + miDid, - (mid;®, +he.)+ %(q);cbl)2 n %(@;@2)2

+ 401D, ) (@30, )+ A, (@}, ) (©1D, ) + %[(@;@2)2 + h.c.]

: : Softly broken Z, symmetric
we choose a vacuum configuration Y 2 5Y

0

D

* m?,, and A5 real potential is CP-conserving (2HDM)

* m?;, and A5 complex potential is explicitly CP-violating (C2HDM)
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y
tan 3 = —=
vl

Parameters

ratio of vacuum expectation values

m=) 2 charged, Ht, and 3 neutral

CP-conserving - h, Hand A

CP-violating - hy, h, and h;

== rotation angles in the neutral sector

CP-conserving - &

CP-violating - o4, &, and o

== soft breaking parameter

CP-conserving - m?,,

CP-violating - Re(m?,,)



Lightest Higgs couplings to gauge bosons

o, =0+m/2

hVV

&> npy = SIN(f —a) g?ﬁv V=W,Z

gCZHDM (c R11 +5, R,) g —cos(a )cos(f-a,) gSM —cos\(a )gZHDM

;

|sa| =0 = h; is a pure scalar,
JUST AN EXTRA ANGLE

|32| =1 = h; 1s a pure pseudoscalar  LORENTZ STRUCGTURE

IS THE SAME

The CP-violating phase is very constrained by the measurement of the Higgs
couplings to vector bosons

u,, =0.79 = cos(a,)=0.89 = a, <27°

10



Lightest Higgs Yukawa couplings

* No FCNC at tree-level

¢, =cos(a,); s, =sin(a,)

T Ké=1<f)=1<£=0(_)sa
Ype I sin 3
Kg=w Kg=K£I=—Sina
Type IT sin 3 cos f3
Kg =K1Lp _ C(?sa Kg _ _sina
Type F/Y sin B cos
T LS/X K5 _achS cosa s _ _sinao
Yype sin 3 cos f3
g
Yoo = Co o upy 1755, ¢
1/t,

whens, - O
YCZHDM = Y2HDM

11



Allowed parameter space is now a circle in the plane below

Typell _ Typell | -
YCZHDM - C2Y2HDM + ly5S2tﬁ



1111111

Constraints

Vacuum is stable and potential is bounded from below
Perturbative unitarity

Electroweak precision constraints (STU)
B physics constraints

Higgs searches bounds (HiggsBounds)
Higgs bosons signal stregths

Electron EDM

* Electric Dipole Moments are a probe of Yukawa
CP-violating couplings

* Good limits on electron EDMs

de =87 %10 ecm

ACME, 1310.7534. 13



The allowed parameter space in type I

Hi = hias =
=~
40 no EDM w ] no EDM
Type I < 10 Type I
ype %
I 0.5
=
g
5 00 .
=
| —05
=
a —1.01
=
I T T T T T Q'? T T T
—50 —25 0 25 50 75 -1 0 1
ay [7] Ce(h125tt_) = Ce(h125bb) = Ce(h1257”7’)

t,, 20.79 = cos(a,) 2089 =a,<27° and tan(f)=1

sin(c,)

tan()

All Yukawa couplings are the same - the bounds apply equally to all of them.

a, <27’ =sin(a,)<046 =, = <0.46




The allowed parameter space in type IT C2ZHDM

o Hi = hizs o no EDM sn(a,)
Tl? . . ° Type 11 CO (hlzstt) = t 2
B an
3 051 0.5 ()
I 0.0] Lerr } 2 00 ,
S : = ’ ¢ (h,.bb(tT)) =sin(c, ) tan()
S 0.5 —0.51
—1.01 —1.01 tan([a’) > 1
_'1 6 i —Il 6 i
ce(h125bb) = ce(h12577) ce(hi2stt)

Bounds are stronger for the up-quarks couplings. They come from ,, and the bound on
tanp. In type I all couplings are very constrained.

a,=a, =0 = b,=b, =1
and the remaining h; couplings to up-type quarks and gauge bosons are

raé=(1—s§)=(1—1/t;) (hvv )2

2 2
8c2HDM _ t/?’_l _ 1-s;
b, =s§=1/t;

2 - 2
t,+1 1+,

= (C?

hVV
8sm

"



Colh12sTT)

Col h125bb)

Flipped and Lepton Specific

0.5

0.0

—0.5

—-1.0

—-1.5

»
« ‘v

Co(hr2stt) = co(hy2sbb)

ol hy2stt) = co(hy2s7T)

1.0

0.5

0.0

—-0.5

—-1.0

L5

1.0+

0.5

0.0

—-0.5

—-1.0

—-1.5

no EDM
lepton specific
-1 0 1
Ce(hl%t{) = Ce(hl25bb)
no EDM
flipped
-
-1 0 1

Ce(hmstt_) = Cc(hl25‘rf)

Although EDMs
constraints
completely kil
large
pseudoscalar
components in
Type IT but not
in Flipped and
Lepton Specific.



Type II and Flipped

no EDM
h Type 11
15 1 '
$
e
Q. L)
E@ 10 "F
5 .
O T T T
—20 0 20
a [°]
$ no EDM
30 1 flipped
20 A
g
&
10 A
0 1 . |
—20 0 20

EDMs act
differently in
the different

Yukawa versions
of the model.



Co( ha25bb) = co(h12577)

1.0 1

0.5 1

0.0 1

—0.5 -

—1.0 1

Other scenarios in Type II

™ | ". *
'. .~. » * . ? ..
> '

~1.0-05 0.0 05 1.0
Ce(P125bb) = ce(P1257T)

Co(Py2stt)

A Type IT model and two scenarios:

1.0-

0.5 1

0.0 1

—0.5 1

e Hy=hys
—1.01 . Hy = hyos

Wiktbrodt gt.al. 171x xxxx

_1.0-05 0.0 05 1.0

Ce(P125tt)

H; or H, is the SM-like Higgs.



And this brings a very interesting CP-violation scenario

no EDM
1.0 1 + Type II

Find two particles of the same
to tops as CP-even

ss one decaying

h1 =H — tt
and the other decaying tq taus as CP-odd
h=A—T1'T

Probing one Yukawa coupling is not enough!

Yeoupm = ap +1Ysh,

b,=0 and a,=0

A Type IT model

where H, is the SM-

like Higgs.

Type I1 BP2m BP2c BP2w
mm, 94.187 83.37 84.883
m, 125.09 125.09 125.09
m g+ 586.27 591.56 612.87
Re(m?,) 24017 7658 46784
o —0.1468  —0.14658 —0.089676
o —0.75242 —-0.35712  —1.0694
o3 —0.2022 —0.10965 —0.21042
tan 3 7.1503 6.5517 6.88
My 592.81 604.05 649.7
¢y = c5 0.0543 0.7113 —0.6594
¢y =c? 1.0483 0.6717 0.6907
v /i 0.899 0.959 0.837
Hvv 0.976 1.056 1.122
Flyy 0.852 0.935 0.959
Mrr 1.108 1.013 1.084

b

1.101 1.012 1.069




New probes of CP-violation

20



Combinations of three decays

Already

observed h—2z2 < CPy)=1

h,—hh = CP(h)=CP(h,) CP(h)=CP(h)

Decay CP eigenstates Model

h, —h,Z CP(h))=- CP(h,) None C2HDM, other CPV extensions
h2(3) g th CP(h2(3)) =-1 2 CP-Odd) None CZHDM, NMSSM,3HDM

h, =22 CP(h,)=1 3 CP-even; None C2HDM, cxSM, NMSSM,3HDM...

C2HDM - D. FONTES, J.C. ROMA0O, RS, J.P. SILVA; PRD92 (2015) 5, 055014.

NMSSM - S.F. KING, M. MUHLLEITNER, R. NEVZOROV, K. WALZ; NPB901 (2015) 526-555.



Classes of CP-violating processes

® ON GOING SEARCHES

,/\\ ,/\\
Classes C, / C, \/ C; \ Cy Cs
hy = hhZ| hy - hWZ|hy = hWZ\ hy = hyZ|hy —» ZZ IN 2HDMs
Decays hy, - hZ\hy - ZZ |hy - ZZ | h, - ZZ |h, - ZZ ONLY
h3 - hIZ h2 — 27 h3 — 77 h3 — 77 hl — 77

N

ONLY TWO TO GO

,/\\ ,/\\
Classes / Ce \ / C,

hy — hyh, hy3 — hh,
Decays h3 g hzZ h2.3 g hIZ

hl—)ZZ hl—)ZZ

N N

CLASSES INVOLVING SCALAR TO TWO SCALARS DECAYS

22

FONTES, ROMAO, RS, SILVA (2015).



TABLE VIII. Predictions for 6 x BR at /s =

13 TeV for the

benchmark points P5 (Type I) and P6 (lepton specific).

P5 P6
o(hy) 13 TeV 55.144 [pb] 53.455 [pb]
o(hy)BR(h; — W*W*) 10.657 [pb] 11.069 [pb
o(h,\BR(h, — Z*Z*) 1.093 [pb] 1.136 [pb]
o(hy)BR(h; — bb) 33.118 [pb] 32152 [pb]
o(hy)BR(h; — rr; 3.825 [pb] 2.845 [pb]
o(hy)BR(hy — 77 119794 [b]  122.579 [fb]
0, =0(hy) 13 TeV 1.620 [pb] 4.920 [pb]
6, Xx BR(h, —» WW) 1.032 [pb] 0.542 [pb]
6, X BR(hy = ZZ) 0.427 [pb] 0.232 [pb]
6y X BREhz — bb) 0.012 [pb] 0.097 [pb]
6, X BR(hy — ﬂ') 0.001 [pb] 0.109 [pb]
6, X BR(hy = yy) 0.123 [fb] 0.344 [fb]
6, X BR(h, = h,Z) 0.140 [pb] 0.075 [pb]
6, X BR(hy = hZ — bbZ) 0.084 [pb] 0.045 [pb]
6, XxBR(hy = hZ — 112Z) 9.683 [fb] 3.982 [fb]
> X BR(hy — hyh) 0.000 [fb]  3772.577 [fb]
6, X BR(hy — hyh; — bbbb) 0.000 [fb] 1364.787 [fb]
6, X BR(h, = hh; — bbrr) 0.000 [fb] 241.505 [fb]
06, X BR(hy = hyhy — t777) 0.000 [fb] 10.684 [fb]
o3 =o0(hy) 13 TeV 9.442 [pb] 10.525 [pb]
63 X BR(hy —» WW) 0.638 [pb] 0.945 [pb]
63 X BR(hy —» ZZ) 0.293 [pb] 0.406 [pb]
63 X BR(h; — bb) 0.004 [pb] 0.422 [pb]
63 Xx BR(h3 — 71) 0.432 [fb] 407.337 [fb]
63 X BR(h; = yy) 0.140 [fb] 2.410 [fb]
63 X BR(hy = hZ) 0.383 [pb] 0.691 [pb]
63 X BR(hy = hZ = bbZ) 0.230 [pb] 0.416 [pb]
63 X BR(hy = hyZ - 1t2Z) 26.554 [fb] 36.779 [fb]
63 X BR(hy = hyZ) 2.495 [pb] 0.000 [pb]
63 X BR(hy = h,Z — bbZ) 0.019 [pb] 0.000 [pb]
63 X BR(hy = hhZ — 11Z) 2.188 [fb] 0.000 [fb]
63 X BR h3 — hihy) 433.402 [fb] | 6893.255 [fb]
o3 X BR(h; — h hl — bbbb) 156.329 [fb] | 2493.740 [fb]
o3 X BR(hy = hyhy — bbrr) 36.111 [fb] 441.277 [fb]
o3 X BR(hy = hjhy — t777) 2.085 [fb] 19.521 [fb]
63 X BR(h; — hzhl) 0.000 [fb] 0.000 [fb]
63 X BR(hy — hyh; — bbbb) 0.000 [fb] 0.000 [fb]
63 X BR(hy = hyh, — bbrr) 0.000 [fb] 0.000 [fb]
o3 X BR(hy = hyhy — t777) 0.000 [fb] 0.000 [fb]

Class C7

h—27Z <« CP(h)=1

h,—hZ = CP(h)=-CP(h)=-1

h,—hh < CP(h)=1

23



Measures of CP-violation

24



pp — Hi —r Zh125 [pb]

The CP-violating angle

|d(As)]
0 8 T — 3
h125 — /7 measured
Type 11
MORE YELLOW
MEANS LARGER
CP-VIOLATING
PHASE
104+ . =
10— 102 1009 104 102 109
pp — Hy — ZZ [pb] pp — Hy — ZZ [pb]

There is no correlation between the high rates of CP-violating decays and
the CP-violating phase.



Other variables

* Variable involving Higgs couplings to gauge bosons

3
fy = 27H c(HiW)% with c(H;VV) = Riics + Rizss
i=1

e Variables involving Higgs Yukawa couplings (for a Type IT model)

Yt = 1024‘ ‘ (R,'QR,’Q,)Q,

i c(H;tt) = 1 ( — ifys—)
2 53 %
b = 1024 | | (Ri1Ri3)”.

.

which are normalized to be between O and 1. Variables for the sum can also be
defined but they are useless.



pp — H| — Zhyys [pb]

Results for Type IT (where some
correlation seems to exist)

1074
104 1072 10° 104 1072 10°

pp — H, — ZZ [pb] pp — Hy — ZZ [pb] pp — Hy — ZZ [pb]

But in most cases there is no correlation.

104 102 10° 104 102 10°

pp — Hy — ZZ [pb]

27



CP-violating angles vs. direct
measurements

28



Direct probing at the LHC (TTh)

BERGE, BERNREUTHER, ZIETHE 2008

+ —_
pp —_— h —_ 'r 'L’ BERGE, BERNREUTHER, NIEPELT, SPIESBERGER, 2011

BERGE, BERNREUTHER, KIRCHNER 2014

e A measurement of the angle

can be performed A¢_=40° 150 fb™

tang_= —L : : 3
a, with the accuracies Ad. =25° 500 !

Numbers from:

BERGE, BERNREUTHER, KIRCHNER,

S

EPJC74, (2014) 11, 3164,

Sp G
tang =-—tano, = tanq,=-—-—tang¢_
C, Sg

It is not a measurement of the CP-violating angle .. In fact if ¢;=0 the
particle seems to be a pure pseudoscalar but...



Direct probing at the LHC

* For the C2HDM we need two independent measurements

tan ¢, = ﬂ; i=U,D,L
a.

l

» Just one measurement for type I (U = D = L), two for the other three types.
At the moment there are studies for tth and TTh.

« If &, 2 ®_type I and F (Y) are excluded.

e To probe model F (Y) we need the bbh vertex.



Direct probing at the LHC (tth)

pp = h(—bb)tt

GUNION, HE 1996
BOUDJEMA, GODBOLE, GUADAGNOLI, MOHAN 2015
AMOR DOS SANTOS EAL 2015

Yi - : .r
e(ar + ibrys)irh

['Hﬁ — _\/§

Signal: tt fully leptonic and H -> bb

Background: most relevant is the
irreducible tt background

Ask Ricardo G. et al
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tan(B)

tan(B)

Limits on @, based on the rates only

Type | Typel
30 [ ] 1 T 1 T 1 T 1 ]
25 F . 08 .
: ] osf - - 4
20 F . 06 | .
: 13 1= :
15 F 12 of 1% o4} 8
[ 18 8 i 1
10 1 02 |- ]
: 1 05} - ! ]
q: : | of :
0 L -1 1 1 1 1 1 _0.2 1 1 1 ]
-90 a( -90 60 -30 0 30 60 9( 90 60 -30 0 30 90
d)t = CDU tan”'(by/av,) (deg) tan'{byy'a,;) (deq) tan"'{oy fa,) (deq)
Type Il Type ll Type ll
30 [ T T T T 1 T—r—T T T T T v 1 T T T
sl rates at | . sl |
: ° [
: 20% (green), osf :
20 F g 06 | -
3 ° » 1
; 5% (red) |_ -
L o 1 5
15 b 42 of {5 o4} .
g 5 18
10 [ ] [ 02 4
- 05 [ i
sk . [ ‘ or i
0 [ i 1 " " L i N 1 i i L A i L i i _1 [ 1 1 I " 1 L ] _02 1 L A 1
-90 -60 -30 ] 30 80 aC 90 60 -30 0 30 60 a( 90 -30 0 30 90
tan”(by/ay) (deg) tan” (by/ay) (deg) tan”(byay) (deg)

Competitive for Type I but not for Type IT



The end and extra slides
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The allowed parameter space in type I

Hi = hias =
=~
40 no EDM w ] no EDM
Type I < 10 Type I
ype %
I 0.5
=
g
5 00 .
=
| —05
=
a —1.01
=
I T T T T T Q'? T T T
—50 —25 0 25 50 75 -1 0 1
ay [7] Ce(h125tt_) = Ce(h125bb) = Ce(h1257”7’)

t,, 20.79 = cos(a,) 2089 =a,<27° and tan(f)=1

sin(c,)

tan()

All Yukawa couplings are the same - the bounds apply equally to all of them.

a, <27’ =sin(a,)<046 =, = <0.46




Direct probing at the LHC (tth)

pp = h(—bb)tt

GUNION, HE 1996
BOUDJEMA, GODBOLE, GUADAGNOLI, MOHAN 2015
AMOR DOS SANTOS EAL 2015

Yi - : :
e(ar + ibrys)irh

['Hﬁ’ — _\/§

Signal: tt fully leptonic and H -> bb

Background: most relevant is the
irreducible tt background
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Review of tth Ly =— 7

Ur(ar + ibrys)rh

= =
©0.06— o 5| 008 -
3 & ; pp @ Vs=13TeV fiH 1A tibb
>, F MadGraph5_aMC@NLO K-S test (ifH, fTA) = 0.0443
Zo05¢ Parton level
L 0.06—
;0-04:;-\"5 E‘"i... “.‘..""“"-n
003 e (a=1 , b=0)
0.01}-
- 2 0 2
oy o b by b b by | _ Al
3 2 -1 0 1 2 3 x=A¢(I,J)

A¢ﬂ(|+,|') [rads] BOUDJEMA, GODBOLE, GUADAGNOLI, MOHAN 2015

Azimuthal difference between I* in the t rest frame and |- in the tbar rest frame

c
I8 L
0.08[-pp @ Vs =13 TeV ttH tTA tTbb 5125 0.082 ——
MadGraph5_aMC@NLO K-S test (tiH, ffA) = 0.0357 SI% pp @ Vs =13 TeV fiH 1A tibb
Rec. w/ truth-match MadGraph5_aMC@NLO K-S test (tfH, fA) = 0.0231

Rec. w/o truth-match




Y

Review of tth Ly =— 7

U@ + ibys)vh

-
S5 pp @ Vs =13 TeV ftH tTA tibb
0.04— MadGraph5_aMC@NLO K-S test (ftH, ttA) = 0.267
i Parton level
o
003 GUNION, HE 1996
Le
b — Pip;
4 —
PPt
b4
1B 0.0a _ 515 004 —
" pp@ (s=13Tev fiH fiA ftbb pp @ \s=13TeV tftH tTA tthb
MadGraph5_aMC@NLO K-S test (ttH, ttA) = 0.213 MadGraph5 aMC@NLO K-S test (tfH, fA) =  0.157
Rec. w/ truth-match Rec. w/o truth-match
0.03 0.03—

s

e
/

Pl nmmng |

0.02




Review of tth Ly = —ﬁﬂ—’f(af + ibsys)Yrh

V2

AMOR DOS SANTOS EAL 2015

| X
sis PP @ Vs =13 TeV fiH tiA tthb
MadGraph5_aMC@NLO  K-Stest(ttH,ffA) = 0.213

0.15— parton level :| x
O 0.05pp @ Vs =13 Tev fiH tiA tibb
MadGraph5_aMC@NLO K-S test (ttH, ttA) = 0.193
Rec. w/ truth-match

08
x = sin(B;)sin(6ly ;)

0.6 0.8 1
— sin(8Mecin(gH
X= sm((-)m)sm(ew(m)

S5 004

pp @ Vs =13 TeV 1tH tTA ttbb
MadGraph5_aMC@NLO  K-Stest(ttH,ttA)= 0.111
Rec. w/o truth-match

Combinatorial background plays a very
important role.

0.8 1 38
x = sin(6])sin(6 ;)



The zero scalar scenarios

In Type IT, if

a,=a, =0 = b,=b, =1

and the remaining h; couplings to up-type quarks and gauge bosons are

( 2
a; =(1-s)=(1-1/1}) Scomm | _ 2=l _1-5
| B2 =sti=1ret 8w i+l L+

This means that the h; couplings to up-type quarks and to gauge
bosons have to be very close to the SM Higgs ones.



The zero scalar scenarios
* There is only one way to make the pseudoscalar component to vanish
R;=0 = 5,=0

and they all vanish (for all types and all fermions).

 There are two ways of making the scalar component to vanish

R,=0 = c¢c,=0 ‘ ¢, =0 = g,,, =0 excluded

) ¢, =0 allowed

R,=0 = s,c,=0

excluded Type I Type II Lepton Flipped
Specific

Up  BEoicoBl BBl BoiopBi B3l

Down 12;2 +205§13 1211 g 12‘133 1:12 +ic 1213 Iz_fsl isﬁ‘}z;s

Leptons £t + 165%‘;3- —C;L ,3%;’1 —C;L 5_6}31 %J;’* — 26,3%1;"




The zero scalar scenarios

* So, taking

Gﬂd 2 2
2_ G, 42 S, 2 202
a,=—; bU—t—z, C* =540,
Sp B
G )
Type I ~ @y=dp=a,==%  by=-b,=-b =-"2
S,B t/g’

Even if the CP-violating
Type F ap =0 bp = =Syt parameter is small, large

tanp can lead to large
Type LS a, =0 b, =-s,t, values of b.



