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m Nevertheless, their effects on the flavour structure offileery can be studied
through theiwirtual effectsin low energy processgsuch as

m K% — K% mixing, Bd/S d/s mixing,
m B— Xy, B— XeTe™ ,Bd/s—>,u wo,
m hadronic B decay<tc.
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Introduction

Motivations

Consider theV'SSMwith large i = tang:

M. Carena, D. Garcia, U. Nierste, C.E.M. Wagner, Nucl.PIB/577:88-120, 2000 (hep-ph/9912516).
G. Isidori, A. Retico, JHEP 0111:001,2001 (hep-ph/011Q121

G. D’Ambrosio, G.F.Giudice, G.Isidori, A.Strumia, Nuch{s. B 645:155-187, 2002 (hep-ph/0207036)

A.J. Buras, P.H. Chankowski, J. Rosiek, L. Stavianowska|Minys. B 659:3, 2003 (hep-ph/0210145)
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m theoretically appealing

m Consistent with approximate top and bottom Yukawa couglingjfication in some
S0O(10).
m Resummation of largean3 enhanced contributions.

m interesting phenomenology

m Large deviations from Standard Model phenomenology.
m Specific signatures and correlations.
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Construction of the Theory

Effective Lagrangian

M. Carena, D. Garcia, U. Nierste, C.E.M. Wagner, Nucl.PI/§77:88-120, 2000 (hep-ph/9912516).
G. Isidori, A. Retico, JHEP 0111:001,2001 (hep-ph/0110121
A.J. Buras, P.H. Chankowski, J. Rosiek, t. Stavianowska;|Rinys. B 659:3, 2003 (hep-ph/0210145)

| consider thedecoupling limif i.e. heavy sparticles.
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| consider thedecoupling limit i.e. heavy sparticles.
m Integrate out the heavy particles.
m Construction of the effective Lagrangian.
m One obtains @avo Higgs doublet model of 111 type
m Each Higgs doublet is coupled bmthup anddowntype quarks.
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Construction of the Theory

Effective LagrangianSU(3) x U(1) Symmetry Limit

A.J. Buras, P.H. Chankowski, J. Rosiek, t. Stavianowska|Mys. B 659:3, 2003 (hep-ph/0210145)

I I
(u) (u)
H 4 HO o
AH" gy s” AR VK
sN IR
Q 4 W03 Uk p \Q‘]
‘8 g TONETCIN
9 c o > Y
: 9s s U : Yug VKI Yd; 4
BuYay! = —ygy (08% + ey V) = gy (2387 + eyBAd)

B Lot = —€jHIr - (Yda + AdYa) - gL — H™dr - AyYq - gL + h.c.
—€ijHYTR - (Yu+ AuYy) - g — H®TOr - AgYy - i + h.c.
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A.J. Buras, P.H. Chankowski, J. Rosiek, t. Stavianowska|Mys. B 659:3, 2003 (hep-ph/0210145)

1 1
() ()
AH™ Yy 8 APV VK
sN IR
Q 4 ‘DJ UK’ \Q‘]
‘8 g TONETCIN
q C a X Y%
: 9s s U : Yug VKI Yd 4
BuYay! = —ygy (08% + ey V) = gy (2387 + eyBAd)

B Lot = —€jHIr - (Yda + AdYa) - gL — H™dr - AyYq - gL + h.c.
—€ijHYTR - (Yu+ AuYy) - g — H®TOr - AgYy - i + h.c.

m Decomposing the Higgs doublet into the mass eigenstateshias e.g.
Er(ﬁé)lSS: dr - (\V—[dz)/d + \V—[dzAde — \V—[L'ZAqu) -d. + h.c,
(Amy)” = — 4 (AgY: — tanBALYa)” ~ Stans(AgYa)”
. 3
my, = 1+€thanﬂ’ my, ~ My, My ~Mm,.
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Construction of the Theory

Effective Lagrangian: Neutral Higgs-Fermion Vertices

d;

1%

d

i ((x(?&)d' P+ (Xie) B PR)
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Construction of the Theory

Effective Lagrangian: Neutral Higgs-Fermion Vertices

077 My
X! = — 3 tanB(Ca + €154),
[d} 17 etans 20 (Ca + &8a)
3 _
1o My,
X = 7tand Sa + €3Ca) ,
[d} 1+ é&tang (=Sa 4 &ca) d;
0 J
[X@ } = L| tangs, .
1+ étangs
o]
0 Jl My V&]*V3I
XH _ J Veff Veff tanﬁzsa_ ,
[ dRL} (1+ &tanB)(1+ eotan3) evy{tan, s
. a a
L mea () e ()
R T+ egtand)(l+ eotanﬁ) YRIAN Lo g
0 Jl My V&]*V3I
x4 = J 2 (—i)tanB°
[ dR"} (1 + &stanB)(1 + eotanp) FYytZ( Jiang,

for (13) = (13), (23), (31), (32);

One finds similar expressions for the otffRtrand thel.R couplings.
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Weak Hamiltonian

Example:B2 — BY Mixing andB? — i~

G. Isidori, A. Retico, JHEP 0111:001,2001 (hep-ph/0110121

A.J. Buras, P.H. Chankowski, J. Rosiek, t. Stavianowska;|Riys. B 659:3, 2003 (hep-ph/0210145)sa bL
\h\,/v/
1
B . HO hO AO
m BY — BY Mass Difference: A
/4/‘\v\
(AMg)™ = (20.9+ 2.6)ps™1, 2{* ZL
4 [pR 2 2 R
DP _ —1_ |tang P: Fg, [Vis|
(AMs)”" = (—12)ps~+ - [W] {%} [23 B ] [045540] B ol
M) 1 [ mus) | [mfis) (16r)%c  HOKOAD
’ [3‘0GeV] [o.oeGeV] |:M6VM£:| (I+é&stan B)2(1eptan B)2 EA/.\‘\
R S
= B2 — ptp~ Branching ratio:
e L SL br
Br(Bs — ptp~ )" =(38.8+£0.1)x10 o T
\P __ —5[tang TB, Fs, 1140 W0 AO
Br(Bs — ptpu)P =35 x 107507 [ 7B [T | HO,hO A
R (] R
0.040| [Ma ]| (L+éstanB)2(1+eptansd)?” I M
anie o S, S

T
10 20 B - TRl
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Hadronic B decays

Hadronic B Decays: SM Weak Hamiltonian

m B decays into final states containitygo mesons
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Hadronic B decays

Hadronic B Decays: SM Weak Hamiltonian

m B decays into final states containitygo mesons
m Consider e.gB~ — 7~ ¢, B® — KK©:

S S

B~™ T

u u

m They proceed through the€nguir) transition
q q q q

b d b d
m EW scalevs hadronicscales:My vs mg, Agcp:

m Realistic picturepoint-like vertex— four-quark operator
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Hadronic B Decays: SM Weak Hamiltonian
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Hadronic B decays

Hadronic B Decays: SM Weak Hamiltonian

m Construct thesffective Hamiltonian  Herr = 5 3 Vi Ci (1) Qi (1)-
m In the case considered here the relevant operators are

Qs = (db)y— AZ qa)v-a, Qs = (dibj)v_n Z(qj'Qi)va,
q

Qs = (db)y— AZ ) v+A, Qs = (dibj)v_n Z(q’Qi)WA,
q

This includes QCD effects.
m Ca(Mw) = Cs(Mw) = — 25 Eg(x;), Ca(Mw) = Co(Mw) = 2L Eg(x,);

Cg(mB) C4(mB) C5(mB) Ce(mB)
0.014 | -0.036 | 0.009 | -0.042
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Hadronic B decays

Hadronic B Decays: MSSM New Contributions

= Relevant new operators:

{s = (Db)sip(dd)s—p, Qs = (Diby)sip(didi)s—p

: HO, 10 A

/.\\

d=d,ssb d=d,sb

L.Vernazza (RWTH Aachen) EuroFlavour 2007 11/24



Hadronic B decays

Hadronic B Decays: MSSM New Contributions

= Relevant new operators:
d. = (Db)sp(dd)s_p, Q= (Dibj)sip(did)s p
b D=ds

m Wilson Coefficients (at leading order in QCD): \./

yitans® | HO,h,A°
d _ MyMyevystan/s — 1 h,
Cls(MS’) - _(l+€3tanﬂ)(l+eottanﬂ)(l+€dtanﬂ)fZ,dv !

Cly(Ms) = 0. e S

with d=d,s;b d=d,sb

+ _ Sa—p(CatédSa) Ca—g(—Sa+édCa) 1
fz d — a—d MZ + = Mz :l: _M2
? Ho ho Ao

)
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Hadronic B decays

Numerical Estimate of Wilson Coefficients

m The Wilson coefficients depend on Supersymmetric parasigissugh the loop

functionse;:
o — 23@3 :@H 29, X019 oy — 1;(2At RN
&= —%%HZ(XQ/Q,XU/Q), & = 1;(2'2*» S/ X,
and  H(xy) = Tty + -
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Hadronic B decays

Numerical Estimate of Wilson Coefficients

m The Wilson coefficients depend on Supersymmetric parasigissugh the loop

functionse;:
20/5 1 Q/g D/ 1 At U
= H, (x2/9 X g . XQ/M X /e
T T e my 2 o= 1672 1 o )
, 2as Q/g LU/g / 1 A, Q/u P/
0= —— L Hy(x¥9 x - X</t !
€0 3 My 2( ) )7 €y = 1671'2 L ( )7

| |
and Hx(xy) = (1:<x§)(gx)iy) + (1}y§’?yyf><)'

m In Minimal Supergravityone findg¢;| ~ 0.005
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Hadronic B decays

Numerical Estimate of Wilson Coefficients

= Cis(Mg) = -0 0008{3 OGeV} [0.00%6V} [mgevr [55] {%r

0.7 0.7 0.7
’ [(l+€3tan[3)} {(l+eotanﬂ):| [(l+€2tanﬁ)}’

m Cis(Mg) =~ 003[3 oGeV} [0.07%6V} [mcgevr [0-60Y05] [%}

0.7 0.7 0.7
’ [(l+€3tan(3)} [(1+eotan8)} [(l+€2tan(3)}’

u C11)5(MSJ) &

12[ r[ m r[ o] [tan@ﬁ 0.7 ﬁ 07 }
3.0GeV 160GeV 0.005 60 (1+&stanB) (1+eotanp) |’
m to compare with

C3(m|3) C4(m|3) C5(m|3) Ce(mg)
0.014 | -0.036 | 0.009 | -0.042
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Hadronic B decays

Hadronic B Decays: SM Amplitudes (LO)

m The decay amplitude is given by:

A = (M1M2|Heg|B) = G_Fz > Vci:KMCi(M)<MlM2|Qi(N)|B>-
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Hadronic B decays

Hadronic B Decays: SM Amplitudes (LO)

m The decay amplitude is given by:

A = (MiM2[Her|B) = 5 35 VermCin )<M1M2|Qi( )IB).
m Introduce the transition operatorHes = f = p—uc V7",

T = a3 q(db)v—a ® (G9)v-

+a Y q(ab)v—a @ (dg )
+agzq(db)v A®( )v
+a§ >4 (—2)(ab)s-p @ (da)sp;
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Hadronic B decays

Hadronic B Decays: SM Amplitudes (LO)

m The decay amplitude is given by:

A= (MiMz|Herr|B) = % 37 Viym i )<M1M2|Qi( )[B).

m Introduce the transition operatorHes = f = p—uc V7",
T = a5y 4(db)v-a® (@Q)v-a

+ey > 24(ab)v—a ® (da)v—

+ag >, (ab)v A®( )v

+8§ 3q(—2)(@b)s-p @ (dg)sp;

= Naive QCD factorization(MiMz|j1 @ j2|B) = (M1]j1|B)(M2lj2|0);
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Hadronic B decays

Hadronic B Decays: SM Amplitudes (LO)

m The decay amplitude is given by:

A = (MiM2[Her|B) = 5 35 VermCin )<M1M2|Qi( )IB).
m Introduce the transition operatorHes = f = p—uc V7",

T = a5y (db)v-a® (AQ)v-a
+a 354(@o)v—a @ (da)v—
+af >4 (db)y - A®( )v

+af > (—2)(ab)s P ® (dg)s,p;

= Naive QCD factorization(MiMz|j1 @ j2|B) = (M1]j1|B)(M2lj2|0);

ma=Cat+ i, =Cit g, aAB=C+g, aE=Co+g.
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Hadronic B decays

Hadronic B Decays: SM Amplitudes (LO)

m Rewrite the transition operator according to the flavourdtrre:

TP = a5(M1, M2) 3=, A([asd][aa]) + o (M1, M2) 3=, A([asal [ad)),

with of=af+al, of=a)+a.
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Hadronic B decays

Hadronic B Decays: SM Amplitudes (LO)

m Rewrite the transition operator according to the flavourdtrre:

TP = a5(M1, M2) 3=, A([Gsd][aa]) + af(M1, M2) 3=, A([asa][ad)),
with of =af+al, of =a)+ad

m One obtains
Ag—_r- ¢ = Arplah] — color suppressee Br™ ~ (0.009)x 1078,

Ago_goxo = Agi[efy] — color allowed— Bri = (1.5812%)x10C.
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Hadronic B decays

Hadronic B Decays: New Contributions (LO)

m QY QY give rise to
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Hadronic B decays

Hadronic B Decays: New Contributions (LO)

m QY QY give rise to

m 7P = 81 (M1, M2)(Db)s: p(dd)s—p + a3’ (M1, M2)(—3)(db)v--a(Dd)v-a
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Hadronic B decays

Hadronic B Decays: New Contributions (LO)

m QY QY give rise to
m 77 = &My, M2) (Db)s;p(@d)s-p + a5 (M1, M2)(—3)(@b)v-4a(Dd)v-a
m rearranged as

TP = a7 (Ms, Mo)A([6sD)[dd]) + a-f (M1, M) A([g) [dD)).
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Hadronic B decays

Hadronic B Decays: New Contributions (LO)

m QY QY give rise to
= 75 = & (Ms, M2) (Db)s. p(dd)s-p + @y (M1, M2)(~3)(db)v--a(Dd)v—a
m rearranged as

T4 =, (Ms, M) A([8D][8l]) + 0, (M, M2)A([80][GD)]).

m Features:

m New Dirac structureshut notensoroperators;
= No summatioroverd andno u contribution:isospin violation
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Hadronic B decays

Hadronic B Decays: New Contributions (LO)

e aclj;sp(Mla M2), if M1, M, = PP, PV,
e { —alP(M1, Mp),  if My, My = VP, WV,

{ —alP(My, M),  if My, M, = PP, VP,
a(iép(Mla M), if My, Mp = PV, W,

and
d co 4+ Shs—cd ifMy=P a LSk
al75p _ 15 Ne — 15 : 2=, p _ C 15 _ ﬁ
0, if My =V, ¢
M; &y af | ap | &g
70 -0.00085 | -0.00020 | -0.021 | -0.005
7 -0.00091 " | -0.022 "
KO(K% | -0.00091 " | -0.022
K~ -0.00090 " | -0.022
nt -0.00043 » | -0.010
ng -0.00052 " | -0.013
ni -0.00096 " | -0.023
n2 -0.00096 " | -0.023
\ 0 " 0
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Hadronic B decays

Amplitudes
1 d,
V245 k- = Ay [0pu 02 +2 af +0pc3 5w + as))
~0.17  ~0.007 ~—0.009 ~—0.001

_ p p 1 ¢ s,p s,p

+\/§AK175[ az + oy —Opc; azpw + gy + ooy

~— ~— —— ~— ~—~

~0.007 ~—0.07 ~—0.009 ~—0.026 ~0.005

+V2Az, [6pcaz + ]
+A & [Oput + ],
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Hadronic B decays

Amplitudes
1 d,
V245 k- = Ay [0pu 02 +2 af +0pc3 5w + as))
~0.17  ~0.007 ~—0.009 ~—0.001

_ p p 1 ¢ s,p s,p

+\/§AK175[ az + oy —Opc; azpw + gy + ooy

~— ~— —— ~— ~—~

~0.007 ~—0.07 ~—0.009 ~—0.026 ~0.005

—|—\/—2AK,7C [5p0042 + O/g]
+A, & [dpucra + af,

d,
n \/ZAB_HK*_77 :AK'*nq[(Spu ay +2 ag +5pc% ag,EW + O‘3:ﬂ
~~ ~— ~—— )

~—
~0.17  ~0.007 ~—0.009 ~—0.001
_ p p 1 ¢ s,p s,p
+V2Ae,[ 0f + af —Geg afew + o3 + agl
~— ~—~ —— ~— ~—~
~0.007  ~0.008 ~—0.009 ~—0.026 ~—0.005
+V2A¢  [peciz + 0]
* e chYZ 043

—|—Aan—* [5pu041 + 0/2]
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Hadronic B decays

Hadronic B Decays: SM Amplitudes (NLO)

m Improved QCD factorizatioincludesQCD effects up to a scal&qcp.

M. Beneke, G. Buchalla, M. Neubert, C.T Sachrajda, PhysliRéyv 83:1914-1917, 1999 (hep-ph/9905312)
M. Beneke, G. Buchalla, M. Neubert, C.T Sachrajda, NuclsPiB/591:313-418, 2000 (hep-ph/0006124)
M. Beneke, G. Buchalla, M. Neubert, C.T Sachrajda, Nucls?B/606:245-321, 2001 (hep-ph/0104110)

M. Beneke, M. Neubert, Nucl.Phys. B 675:333-415, 2003 (bief®308039)
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Hadronic B decays

Hadronic B Decays: SM Amplitudes (NLO)

m At NLO we have

ai(Ml, MZ) (C| le1> N(Mz)
+SE G (Vi(M2) + %2 Hi(Ms, M) ) + PP(My);

L.Vernazza (RWTH Aachen) EuroFlavour 2007 20/ 24



Hadronic B decays

Hadronic B Decays: SM Amplitudes (NLO)

m At NLO we have

(M, M) = (c. 52 ) N(v2)

505 (v + 0 ) 0

m a possible relevant contribution can come from the pengoiirection,P(M.),

I

with ab (s) quark in the loop.
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Hadronic B decays

Hadronic B Decays: SM Amplitudes (NLO)

m At NLO we have

(M, M) = (c. 52 ) N(v2)

505 (v + 0 ) 0

m a possible relevant contribution can come from the pengoiirection,P(M.),

I

with ab (s) quark in the loop.
= One obtains, e.g.

Ph(Mz) = 52 {01 (410972 + 2 — Guy(s)] +Ca [§10g T2 + § — Gu, (0) — Gu, (1)]
4
+(C4 + Cs) [% log ™ — (nf — 2)Gu,(0) — G, (S) — GMz(l)} —2C8 [ 8 by ()

65 [£100 00, 0] s [0 ] |
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Hadronic B decays

Hadronic B Decays: SM Amplitudes (NLO)

m At NLO we have

(M, M) = (c. 52 ) N(v2)

505 (v + 0 ) 0

m a possible relevant contribution can come from the pengoiirection,P(M.),

I

with ab (s) quark in the loop.
= One obtains, e.g.

Ph(Mz) = 52 {01 (410972 + 2 — Guy(s)] +Ca [§10g T2 + § — Gu, (0) — Gu, (1)]
4
+(C4 + Cs) [% log ™ — (nf — 2)Gu,(0) — G, (S) — GMz(l)} —2C8 [ 8 by ()

65 [£100 00, 0] s [0 ] |

m The loop factor for thé quark turns out to be small.

L.Vernazza (RWTH Aachen) EuroFlavour 2007 20/ 24



Hadronic B decays

CP asymmetries

m Additional informations come frordirect CP asymmetries

Acr(f) = Br(B—f)—Br(B—f) - 2Im(dk) siny

Br(B—f)+Br(B—f) 1+ 2Red) + |c[?’
where the last definition comes from

A(B — f) = VcbVC*(dys)a? + VubV:(d’S)a;J x 1+ e_i,\/df,

c

- i _ | VwVig _ | VunVig
df = GKM,dg, €EKM,d = m ~ 037, €KM,s = Vcbvgd ~ 0.020.
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Hadronic B decays

CP asymmetries

m Additional informations come frordirect CP asymmetries

Ac(F) = Br(B—f)—Br(B—f)  2Im(d)siny
o(f) = Br(B—T)+Br(B—f) 1+ 2Red)+ |di[?’

where the last definition comes from

A(B — f) = VcbVC*(dys)a? + VubV:(d’S)a;J x 1+ e_i,\/df,

c

&
af!

VubVig

VubVJd
o Voo Vg

dr = exm,d €KM,d = ~ 037, ekms= ~ 0.020

u u u,s u,s
9(“11Q21Q3:Q470‘3,H ')

7 c C C C, T, o
g (Q31Q4:Q3.EW!Q3_H:Q4_H)

L df.B*ﬁK*n ~ €KM,s
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Hadronic B decays

Penguin Dominated Decays: Br aAdr (B decays)
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Hadronic B decays

Penguin Dominated Decays: Br aAdp (B decays)

B — 7n
B— in
B — Kn

2|
2|

1

ACP (BOb 5 HOb 711)

H

-5

-15

B — K
B— Ko
B — KK
B — K*K
B — KK*
B — K*K*
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nguin Dominated

Hadronic B decays

Decays: Br aAdr (B decays)
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Hadronic B decays

Penguin Dominated Decays: Br aAdr (B decays)

B— mn
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Hadronic B decays

nguin Dominated Decays: Br aAdr (B decays)

mB— 7y
m B—pn
m B—Kp
. 7 *
m B— K*p
m B— Ko
m B— KK
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Hadronic B decays

Penguin Dominated Decays: Br aAdr (Bs decays)

Bs — Kn
Bs — K*n
Bs — nm
Bs — 1¢
Bs — ¢¢
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Hadronic B decays

nguin Dominated Decays: Br aAdr (Bs decays)

m B — Ky
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Hadronic B decays

Penguin Dominated Decays: Br aAdr (Bs decays)

m B — Ky
m B — Ky
mBs—
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Summary

Summary

m Results
m A preliminar analysis ohadronic B decaym the MSSM with large ta@ has been
done.
m The new contributions are relevant mainlygenguin dominate® decays.
m It will be difficult to observe their effect unlesans > 50.
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Summary

Summary

m Results
m A preliminar analysis ohadronic B decaym the MSSM with large ta@ has been
done.
m The new contributions are relevant mainlygenguin dominate® decays.
m It will be difficult to observe their effect unlesans > 50.

m Outlook

m Improve the estimation of the Wilson coefficients witbh@nplete QCD RGE
treatment

m Estimate the effects of theeak annihilation contributian

m Analysis ofhelicities amplitudesn B — VV and ofisospin breakinglecays.

m Global fitof hadronic B decays observables.
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