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POSSIBLE EFFECTS OF NONCOMMUTATIVE
GEOMETRY ON WEAK CP VIOLATION AND
UNITARITY TRIANGLES 2.

Zhe Chang & Zhi-zhong Xing (IHEP, Beijing)
hep-ph/0204255 (To appear in Phys. Rev. D)

1| New CP Violation from Noncommutative Geometry:

[ x] = 10" £ 0 <=

At Low Energies, the CKM Matrix V Gets Modified and
the New Effective Flavor Mixing Matrix V Is Momentum-
dependent (Hinchliffe & Kersting 01, Wess et al 02):

i [VudXud  VusXus  VubXup
V=V - "..2 VedXed  ViesXes Vc_bxcb
ViaXta VisXes  VipXeb

with x. = pif..qi for @ = u,c,t and k = d,s,b. V Is Not
Unitary! To Measure CP Violation, Define

725 = Im (vaiVBjV;iji) =J R (€apy€iji) + 7325523
J: Jarlskog Parameter in the SM; Rgﬁ = Re(V.iVs Vi Vi)
fﬁa = (Xoj + Xgi — Xai — Xgj)/2. In Particular,
Tue ™ A2\ = 226 T ~ A%\ — AZXe

Thus Noncommutative CP-violating Effects May be Compa- &
rable with or Dominant over the SM One, If ¢% Is of O()\%)
or Larger in Jos; And if £ Is of O()2) or Larger in J°".

2| Take ]2; — K*Kg for Example. Direct CP Violation
Arises from Interference between Cabibbo-allowed and Dou-
- bly Cabibbo-suppressed Channels. And K°K° Mixing Leads




to Additional CP-violating Effects of Magnitude 2Reey =~
3.3 x 1073 (Lipkin & Xing 99). When Noncommutative Ge-
ometry is Taken into Account, We Obtain the Momentum-

dependent CP-violating Asymmetry

4 = JAD; 5 KKg)P - [AD; - K'Kg)P
— |A(D; - K Kg)|2+ |A(DF - K*Kg)|?
~ 2Reeg — 27 LeRssindg

ds: Strong Phase leference, Rs ~% 1+ az/a; ~ —1.2 in Fac-
torization Approximation. If & ~ O(1) and £% ~ O()\?) Or
7?12 O()*) Held, Significant Deviation of A; from 2Reey
Would Appear — Signal of Noncommutative Geometry!

3| In the Complex Plane, Vector V;V; Can Be Obtained
from Rotating Vector V}; Vs Anticlockwise to A Small Angle
(Xai — Xgi)/2. Hence ‘V;bvud, V:bvcd And vatd Do NOT
Form A Close Triangle (See Figure 1). But

@ =a+é, B=p+EL, 7ﬂ=7+£“

Still Satisfy @+ 3+7 = a+ B+~ =1, Due to £° 4 £4P 4 ¢db
Besides o, # And v, CP Violation in Weak B-»meson Decays
Is Associated with

ViV Vin Vs ViV
r=(-32v.): 3=wevhv). =i

with §+@ = 7—%. In Table 1, We List Some Typical Channels
of B4 And B; Mesons And Their CP-violating Asymmetries.

Noncommutative Geometry on CP Violation.
Further Progress in the Noncommutative Gauge Field The-

_ory Will Allow Us to Study the Phenomenology of Noncom-

mutative Geometry on A More Solid Ground.

5

4| B-meson Factories Would Test Low-energy Effects of £—



Figure 1: The CKM Unitarity Triangle in the SM (a) And Its
Deformed Counterpart in the Noncommutative SM(b).

Table 1: CP Violation in B° Decays in the Noncommutative SM.

Class Sub-process Decay mode CP asymmetry
1d b — ccs Bl - J/YyKs  +sin2(F + o)

2d b — ¢cd B} - D*D" —sin2f

3d b — Gud BY — ntn +sin2a@

4d b — 8s8 BY — ¢Ks —sin2(a + 7)

1s b — ccs B? - D/ D; +sin24

2s b — €cd B? — J/YKs —sin2(y — %)

3s b — tiud B? = pKs +sin2¥'

4s b — §s8 B? — o'y 0




2HDM models with CP violation
I. Ginzburg, M. Krawczyk, P. Osland

hep-ph/0101208, hep-ph/0101229

uI_U_<_ Potential: quartic and quadratic terms separated:
V= 3n(0161)2 + $r2(she)?
+ A3(6161)(8562) + Aa (8] 62) (#h1)
+ 3 [As(g162)% + n.c]
+{[A6(811) + A7 (¢h¢2)] (1¢2) + h.c.}
—{m31(8]61) + [m3a(e]62) + h.c.| + m3,(sh62) }

| soft violation of Z, symmetry
NP (&1, 02) mixing if Zo, symmetry satisfied:
b= —¢1. 62 — &2 (Or vice versa) = Ag = A7 = m3, =

I parameters: A1, 2,3, A4, As, A6, A7, M7y, m5,, Rem?,, Immi,
Kard violation of Z5 symmetry: quartic terms with Ag, A7

Bow to get small CP and FCNC effects?

1 ICHEPO2, Amsterdam, July 2002
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Soft CP violation |

With A\g = A7 = 0: minimum (vacuum) at:

0 0 m3, = [& + iIm(Ase?¢)]v1voe™
| &—” ﬁw epu_ , $2= ﬁﬁpm vo ma.mu— ’ mﬁuﬁw:wmmmmv = Im(Ase®)vivo = 44 v1v2

-&Em conclusion: phase £ violates CP

quém<mq (eg. Branco), phase £ can be removed by suitable
Mdefinitions of phases of Higgs fields ¢;, A\s, m%, and fermion fields

with |6 #%= 0| = .CP violation

. . M7, \Suw o .
ML three neutral Higgs states mix: M= | M3, M2, o | ®E0
by h2. b3 | ¢ o M3

2 ICHEPO02, Amsterdam, July 2002




¥

wy differ from SM prediction
Lu? ~ M7, , no effect in [y,
%:m < M% several % difference

torm of the 2HDM potential (large or small )
(@n be tested!

>wever, loop-induced coupling like h — 5

(4) large p?, decoupling a la Haber
(ii) small p?, “large” |Xs)

1.3
1.2

1.1

0.9

08

for [0 — 0| = CP cons. w/ Higgs sector: h, H, A and H¥ (a, 3, u?

OR

small p!

Solutions A

YY  Mu= 800 GeV

u=1600 GeV -

©#=800 GeV

[ 400 GeV —

GeV

120 140 160 180 200 220 240
My [GeV]

ICHEPO2, Amsterdam, July 2002
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Level I prediction for RH/LH rotation angles

e Ratios of right and left-handed rotation angles
e surprising simplicity: 01% ~ 9{5—

e numerical observation:
1

0 — oL x (1 + O(4%)
12 12 ( (Op,.(;)) ﬁN’Q/‘U O’zﬂ
O% = 0L x (1 + 5?0.1%))

0% = 0L, x (1 + O(20%))
&1
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Level I prediction for 7 phases in LH/RH CKMs
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e LH and RH CKM phases vs a, or 323

051;"_“,823:1:71':&0.25 rad

e 0p =~ 07, £ 0.50 rad as a marriage between
manifest LRSM (6r = 01) and pseudo-manifest
LRSM (dg = -6y, |61 — nm| < 0.25)
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Analytic solution for the CKM phases

e hierarchical structure of the quark masses and mixing

' [ Vud Vus Vub '\ 1 A X
Vekm=|Vea Ves Vo |~ X 1 A2
\ Via Vis Vi) A2 A2

My : Me My ~ A8 A0 1
mg:mg:mp~A:A2:1

solution via power expansion in A = sinf, = 0.22

e Phase relations
or, 2 Boz — cAsin(fBas + ') — dAsina, + nm
Or = Baz — cAsin(Bag — ') + dAsina, + nw
where ¢,d = O(1) and n = 0,1

= Yukawa phase dominant
VEV phase Cabibbo-suppressed

e 0 = 01, + 2cA cos Bagsina’ + 2dAsin ar + O(A?)
= 0p =101 +0O(A)



e (quasi)manifest limit (o, = 0, 7):

PR Ba3z — cAsin o3 + nw (o =0)
RB™OL = Bys + cAsin Bog + nrr (o =)
¢ pseudo-manifest limit (or SB-LR): 823 = 0, 7

O0p = =07 ~ cAsina’ + dAsina, + nw
g —cAsina’ + dAsinay, + (n+ 1)

1.e. '|5L,R — ?’L‘TI‘I < O(/\)

=> CKM phases Cabibbo-suppressed in SB-LR!

e Angle relations:
01 = 012 x (1+ O(X?))

O35 = 035 x (1 + O(\®))
015 = 0y x (1+ O(N))
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e The middle and lower plots are subsets of upper plots.



