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1. Basics



Effective Field Theory

0 ET is the theory valid (good) up to some energy scales.

0 Applied to Feynman diagrams it means studying the
dynamics of the diagro\m(s% after integrating out the heavy
DO,

- Formall Fverafc::rmec!\ within the concept of Operator
Product E?gpanswu (0PE) inkroduced bj Wilson i 1969,

- Physics describing short distance effects are absorbed in
the so-called Wilson coefficients 5, while low energ
effects are hidden in makrix el. of effective operators” 0;5.

Examples:

Euler-Heisenberq (ET of QED-100MeV), Fermi (ET of Weak
int—20GeV), ChPT (ET of QCD-1Gev) or even SM (ET of a
more fund. theory?-1Tev).

e.q. Consider the bree-level b->cdu bransition:



4L, th,

The SM Ampu&ude:

. [ g2 ® m 7 _
Asm = —z( NG ) VoV 2 —m2W (dyuLu) (cy,Lb)
%%
2 e, I~ o g q°
- ' W __ _ =
g0y )carmy,, expand i g¥/m,? ; oy e (m‘év )

-» series of local operators with ascending mass dim:

- 2
—195 <1 1 /= _ 1
ASM = 9 Vcb ud [% \(d’YuLuzr(C’)’“Lb)J—}-m—%V ( ........... ) +.. ]

dim-6 operator dim-8 operator
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The SM Ampu&ude:

: pv Q“g”
A _ [ %92 ? V., V* g My (3 _
SM = —t \/i cb Vud q2 - m%/V (d’YMLu) (C7uLb)
20(m, Yecm na i 2/, 2 9" - r:%: g q°
q:v b Wi QXPO\ LA q LA A TR m - —m%V + 0O (@)

r 2
_ g2 * 1 7, = 1
Asm = 5 VsV [—2 gdyuLu) (EY'Lb) +— (o foroe ) +]

dim-6 operator digf-8 operator
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The SM Ampii&ude:

_ g — L
Zgz * miy;, _
ASM - = ( \/i ) Vb ud q2 - m%/V (d’YML’u’) (C7VLb)
pw _ g%q” y
20(my Yeem,,;, expand i @2/m,? ; AL T Y
qN b W P q W, 2 m#, mé, miy

-> series o{ local operators with ascending mass dim:

_ 1
Asm = 2 o [mw (d’yﬂLuzr(cfy“Lb)J—}—m—%V (ceeeflonnns ) +.. ]

dim-6 operator digf-8 operator

Effective Amplitude: ‘




> Matching procedure

Idea: Calculating a particular process both on the full and
ET side then extracting C's by confronting both resulks.

e.q. consider the gquark-level b-»sy decay ot LO in QCD:

W~ (k) W (k)
0,
b(p) s(ps) b(ps) s(ps) ‘ b » » S
o oK Y
a) M b 4. Ehec:-rj

-Diag with u-quark is prop. to Vv, .* and as V.V, e [VpVe]
it can be safely neglected.

+ Calculation on the full theory side:

Acc, to HME rules by VA, Smirnov/o4 two type of diags to
calculate; o) and b?



Diagram a)- top and charm contributions

;:- for &—qu.ark propagators simply make the expansion (also
or p.)
1

. +2]€pb
(k+pp)2 —m? K2 _mzz( k2—m)

- for c-quark propagators additional expansion in m,
(i.e mc=0).

Diagram b)- charm-Lloop

- kreat k¢ as an external wmomenbum and expanci the W
Prcpaga&or as

1 1 k2 1
. S [1+ +o( )}
k — My, mW mW mW




Diagram a)- top and charm contributions

;:- for E-qu.ark propagators simply make the expansion (also
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. +2]€pb
(k+pp)2 —m? K2 _mzz( k2—m)

- for c-quark propagators additional expansion in m,
(i.e mc=0).

Diagram b)- charm-Lloop

- kreat k¢ as an external wmomenbum and expanci the W
Prcpaga&or as

1 1 k2 1

4

we are bthen left with




& (FPYymgqulet = ©

C

7%\%
which just vanishes for an on-shell photon (qzzc)!

~Hence, the complete SM amPLLEude reads

A _ AGr X\ e T —82% + 322 + 122 — 7 + (1822 — 12z)In(x)
ll = " /2 1672 24 (z — 1)

—

>

x  (ps)2 [R(¢(q)(m§ + m2) — 2my pp.€(q)) + L (2mpmsg(q) — 2ms py.€(q))] u(ps
where xzm2/m,? .
« Calculation on the £7 side:

-at the LO in QCD 0, is the only operator cont. ko b->sy.
4
A = o0l

Or = 152 (50" [mpyR +mgL|b) F,




-Decomposing the o, FW structure in 0, gives:

. 4ZGF /\t - 4iG pC At €
At = \/f C7<3’Y|O7|b> = 5/57 1672
X u(ps)2 [R(¢(q)(mf + m3) — 2my py-€(q)) + L (2mymsf(q) — 2ms py-€(q))] u(ps,

—requiring A g=Ag, completes the matching and fixes C, as:

z [—8z%+ 32?4+ 122 — 7+ (182* — 12z)In(x)
24 (z —1)4 v

Cr



Two Higqgs doublet wmodels

SM: one Higqs doublet @
/ \

charged component of ¢ becomes the neutral CP-odd component of ¢
Llong. component of W becomes the long. component of

‘ only one physical Higgs (neutral CP-even)

ZH.DMS: Hu. O\V\d Hd
~five thsi,cad. Higgses: ho,H®, A° H* (CP consv. Higgs potential)

bype-1: |, couples to up and down-type quarks, Hy does not couple to
fermions,

&3%‘?@.‘"112 H, couples to up and Hy to down-type quarks.

(MSSM ot tree-level)
Ejp@.“‘lll: both H, and Hy couple to both type of 2u,o\rle~s.

FCNCs ab bree-level)
f.e":pi:om speai{i&, %Lapped, nert or Aligned [Pich,Tuzon'o9] 2HDM ete...

-1st formulation bj T.D. Lee in 1973: wmotivation to find extra
sources of C? violation.



MSSM Like Higqs potential:

A A 2
V(HyHa) = miy, |Ha® +mb, |HS + 5 (aiH.) (HiH) + = (18 - |Hd?)
+ (b(FHI) Hu+be),  with A=g, A=gig’2, (+)

H! HY
Hd= d = vd+ 4 WlthH((i):pd'i‘ZT]d,
Hj Hy

H} HY
H? vy + HY

minimization of (*) gives:

and v, /vdz=tanB.

Scalar masses: work out the quadratic + mixing terms in vV

Gruage boson masses: follow from the kinetic terms in the
Lagrangian,



Scalar wass kerms:

2b Av? 2b
m%i— + : ’ m?;*; = 0, m2A0 = M, m?;o = 0,

sin 23 2

m%I",hO = %( Ao+/\2—v:l:\/m —A2v2/2) +2/\2v2m o Sin 26)

&auqe bosowns wmass kerms Lv v Raviz (1"74@:&\/)2)

Ak S ' ' | i) SO R
2 o Mz = 2 L

2 __
My, =

-Also, one can obtain the following relation between o and B:

m2, +m2 m2,, + m?
tan (2a) = —4°——Z tan (28) = —L ho tan (25)
m2, —m? m2
A0 Z A0 T Z

- for ~w/2<0<0, 0<Berr/2, large tanB and veem,,:

tanf =~ —cota,
Myo = My+ My = My

A. Kokulu (University of Liverpool) 15



~Yukawa Lag. of of bype-III model in physical basis:

L “Yu

givf couplings:

m$ = vaY 3™ + v,€l;

mJ —vuY"‘e“ + Vg€;

dew
3

uew
J )

ms; = vaY 5™ + vues™

ffztanﬁ) Hy + fszOJ dir tanB, my and g;f !
— € cotﬁ) HY + €} Hd] UiR '
FCNCs at btree-level!
’U_é‘ji — (COt,B+ tanﬁ) ji Hd d,‘R
d |
My, u- 1x
v—éj.- — (tan 8 +cot B) €}; | H,"uir + h.c. .

> Eq. (xx) defines:

ng (H C,kO}AO)

:  H”
! A
| :
: |
i d; uf
LR H) RL H
i (TLRHipy + THLHRP,) i (TLEH P+ TRLHPy)

~flavor viol. (bejov\d Empe-ll) is entirely goverihed bvj 3

|

main kaslke is ko conskrain egﬁ

A. Kokulu (University of Liverpool) 16



2. Worlke



Flavor phenomeno i.cwgv of
RHDMs

o “Explaining B->(D¢N1v in o 2HDM of bype 111"

o“Flavor phenomenology of 2HDMs with generic
Yukawa structure”

Crivellin, Greub and AKX,

o Phys. Rev. DF6, 054014, 2012
o Phys. Rev. D¥7, 094031, 2013

A. Kokulu (University of Liverpool)
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tan(p)

Ugd&&eo{ conskrainks o 2HDM 11

SHDM I 0 Allowed 20 regiowns
100" = e — — (+ th. wncertainties superimposed)
‘ B->Tv
80 §/,
i | O E~;}’S\/
60 /s
' ® o
40 ‘ Bs->up
20 | @ o
0 : ® /oy

200 400 600 800 1000
my [GeV]



tan(p)

Upciaﬁeci conskrainks on 2HDM 11

0 Allowed 20 regiowns

2HDM I

100 g

80

60 Jf
40

20 |

200 400 600 800 1000
my [GGV]

> Tension from B-»>D*1v !

(+ th. uncertainties supérimposed.)

909 © 00

B->Tv
B>y
B->D1v

B->pp
B->D*tv

K->pv/TT->pV



Updated constraints on 2HDM 1I
2>HDM I 0 Allowed 20 regiowns

(+ th. uncertainties supérimposed}

tan(p)

100 B

j @ B

80
,» O B ~'//S\/

60 - //
N ‘ B->DTv

40 ‘ Bs‘>UH

20 | @ 5o

0 @ «pv/mopy

200 400 600 800 1000
my [GGV]

> Tension from B=>D*1v !

> The current best lower bound own the charged Higgs mass
(from B->X.Y) is m»360 GeV [Hermann Misiak,Steinhauser’12],



B->X.y i 2HDM 111

B- Xsy

OM/_J
: | 0 Allowed regions
: // | tanB=30 ~ Vipels RO
0.00 ! @ n.-3006ev b . 5
BN | e
002 -y @ m5006ey "y
~0.04. ﬁ ] O

-0.06 -0.04 -0.02 0.00
Releys]

Im[egs]

> stringent constraints on g4y, while loose ones on g4y

B“7Xsy (5“23>
B[B = XI55 6cev = (343£021£0.07) x 107 [Babar+Belle Av, ‘12]

B[B = X" = (3.15+£0.23) x 107! [Greub, Gorbahn, Misiak et al. ‘07 -NNLO]

raqu,i.re: SM + 2HDM-I11 lies within 20 expertman&at range + th, umaar&aimﬁj



B->X,y i 2HDM III

~ B-oXay

e

0.010/

0 Allowed regions

tanf=30

[ @ m.=3006Gev

@ =500 Gev

0.005/

o.ooo1

~0.005' — | O
~0.000 0.005 0.010 0.015
Re(€)5]

Im[eﬁ'S]

B->X4Y (5“13>

BB = X35 ey = (141£0.57) x 107° [Babar CP Av, ‘11]

BB = Xalli a1 scey = (1.541029) x 107" [Crivellin et al. ‘11-NLL]

demand: SM + 2HDMIII lies within 20 experimental range + th. uncertainty



Tauonic B decays and 4,

R(D™) = B(B - D™rv)/B(B — D™ ¢v)

~ BARAR ‘13 meas. SM Fred. [Aubert et al. ‘12]
R(D) = 0.440 % 0.058 =+ 0.042, Rsm(D) = 0.297 +0.017,
R(D*) = 0.332 £0.024 & 0.018. Rsm(D*) = 0.252 4 0.003.
| > 20 for R(D) and 2.70 for R(D*). Combined 3.40 dev. from the SM!
BARBAK+BeLLE 112 Av, M Fl‘ﬁd. [Charles et al. ‘05]
Bezp[B — Tv] = (1.15£0.23) x 107* Bsm[B — mv] = (0.796 10 0%5) x 10~*

> Disagrees with SM pred. by 1.60 using V,;, from global fit!
l |

evidence for LFU violation —» which model of NP to explain?

- 2HDM 1I is not capabie of removing these tensions! (destructive
interference with SM for B->Tv and cannot simultaneously satisfy R(D) and R(D*).)

Possibilities:

« NP i B mixing (bigger values for V)

« RHDM-I11 with flavor viol. in the up sector

* RH W-couplings etc,

A. Kokulu (University of Liverpool) 24



Allowed 10 regions for tanp=50, m=500 Gey

RHDM III

“““““““ ~0.02 -0.01 0.00 0.01 0.02
. . : : Refel, ]

Ejpe-—-lll RHDM

> R(D) and R(D*) can simultaneously be explained by ey,

> Also, B->1v can be brought into agreement with exp. using
[Crivel m, C}re_u,b aw\ci AK]
(PRD %6, 064014, 2012)

> We propose searches for A°Ho—sbc(u) or b->hoc(u) at the LHC bo
best the model,

-=» relabed work is Frograss.



Allowed 10 reqion for tanp=50, m=500 GeVy

Bty
0.10f —— T
0.05
> 0.00.
E f
-0.05
~-0.10.. . I R ]
~0.10 -0.05 0.00 0.05 0.1
Re[e3;]

> Explaining the (slight) discrepancy in B->1v by &y,
violates Naturalhness criterion!



LFV Eransitions
¢ Neutral meson decays: B, y—rpe (B, 4~>T, B, ~>Te)

- In the SM (massless neutrinos) Br's of these decays are zero!

- In the 2HDM-II they are also not possible (ho FCNH interactions)!

- In the 2HDM-111 they are Possibta i e\ j#0, and even a btree-level
neutral Higgs contribution exist when also ey, ,,%0 (¢, ,%0).

[Crivellin, Greub and AK]

- for large tanB and veem, we obtain:
(PRD ¥7, 094031, 2013)

B tan /50 \* 2. 2. 9
+ ~ q £ d £ d
B[Bq—”fi ej] ~ N (mH/SOOGeV) 2 lfﬁ legal” + [€fs| leSql
with
Ngl ~ 2.1Xx 107022{;%, . . .
e Upper Limiks in 2HDM-I11
N ~ 1.6 x 107 —224__ v
0.196 GeV
fs. -biggest allowed values for [ed,,.] (Je*s; 1)) from B y—>ump-

s ~ 7
NiLg2 ® 1.7 X 10 0.229GeV’ -biggest allowed values for [ely; ;| from p-rey

B, -biggest allowed values for |ets 5] (Jets 15]) from 1=23u (T-reprp-)

0.196 GeV ‘

respecting these bounds we obtain:

N§, 35 ~ 1.2 x 107



, banB=4o (red), tanp=so (blue)

B[Bs—pue]
1.x1078"

8.><1o—9§
6.><1o-9§
4.><1o-9§
2.><1o—9§

900 400 500 600 700 MH [GeV]

B[By— el
1.x 1079}

8.><1o—1°§
6.x10°10
4.x10°10
2% 1010

900 200 500 600 700 MHIGeV]



¢ Correlations among =7ly and [;7=>I1515

-In the 2HDM-III for large tanp and veem, one has

2 2
! ¢
Blt: 5857 o |ma v — b (Ez‘f +4‘6ﬁ‘ )
N 24 2 2 2
B[E —>£f€J1.’]] ’m /'v—egj’ (eff +‘6‘}i )
- for very large my, the expression reduces to (when &y elzmm;)
2
B[Z maZi — = Zem mf’ for ezfaéO
B & — £:474; | - 2Ummy
2
m
B[Z _)efz]_ = 62‘37:_” mgl for Efz #0
B E — ;L EJ £
- for Light m, val.u.es, the expression gets modified as (for the 2-»1 case):
Blu — eyl
Blu — eee] -
100, tanp=50
i Predicted ratio in el.20 ¢l =0
80| 2HDM-I1I @ o
60|

’ gl);#0, £,,=0
O g, #0, € #O

40
203




Summary of the constraints

Table~I

Observable Results
Neutral meson decays to muons

B, — pp~ led,| < 3.0 x 1075, |edy| < 1.9 x 1075, |eh,| < 2.0 x 1073
By — ptp~ ed | <1.1x107%, |4 < 9.4 x 1075
Ki—ptp~ ed| <1.6x1078, |e4y)| < 1.6 x 1078

D° = ptp |e4,] < 3.0 x 1072, |e%)] < 3.0 x 1072

AF = 2 processes
B,— B, mixing ede| < 9.2 x 10719, |ely] < 0.18, |e4| < 1.7, |e4] < 0.7

Bd - Ed m1x1ng

ededr] < 3.9 x 1071 [edy] < 0.2, |€¥y] <0.04, |e4,]| < 1.9

K — K mixing edhedr| < 1.0 x 10712 |e¥,| < 0.25, |e4,] < 0.14
D— D mixing letedr] < 2.0 x 1078 |ed,edr] < 0.02
Radiative B decays
b— sy led,] < 0.024, |ef,| < 0.55
b— dy let,| <7.0x 1073
Radiative lepton decays

w— ey lefy] S 1.7x 1074, |, | <22 % 1074, 55 < Pl <86
T — ey 0.19 < 2=l <0.35
T = py 0.19 < 5Pl < 0.35

Neural current lepton decays
p~ —eete” €y | <23 %1072
T e putuT €3] <4.2x1073
T = u T €530 < 3.7%x 1073

A. Kokulu (University of Liverpool)
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Table-II

Observable Results
Charged current processes
B —Tv 2.7x 1073 < |ef | 2.0 x 1072, |e55] < 6.0 x 1072

B—= Drv & B— D*rv

0.43 < |ely| < 0.74

Dy — 1v & D) — pv

|Re [¢f,]| < 0.2

D— v

K — ple)v/m — p(e)v

|Re [e4,]| <1.0x 1073

K(w) = ev/K(mw) = pv

[Re [€,]] <2.0x 1075, |Re [¢f,]| <5.0x 1074

T —= K(m)v/K(7) = pv

—4.0x 1072 < Re [€;] <2.0x 102

T—= Kv/t = mv

|ef3] < 0.14

EDMs and anomalous magnetic moments

d, IIm [€f,€5,]] 2.5 x 1078, |Im [ef5€,]| 2.5 x 1077

dy -

d. -

dn IIm [e%,]]| € 2.2 x 1072, [Im [e4,]| < 1.1 x 107}, Argle¥,] = Arg[Vip) £ 7

ay Deviation from the SM cannot be explained
LVF B meson decays

B, - tp B[Bs— Tu| <20x 1077

B. — pe B[Bs — pe] 9.2 x 10710

B; — Te B[Bs -+ 7] <2.8x 1077

By — T B[B; — Tu <21x10°8

Bi — pe B([Bg — pe] <9.2x 1071

By — Te B[Bs—7€] <28 x 1078

A. Kokulu (University of Liverpool)
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~Combining the constraints from Table-I and II we obtain

/ 3.4 x 1074
3.0 x 1072

\ 2.0 x 1072

{ 1.3 x 104
1.6 x 107

\ 1.1 x 107°
/ 2.9 x 1076
2.2 x 10~4

\ 4.2 x 103

3.0 x 1072
1.4 x 1071
7.4 x 1071
1.6 x 10~°
2.6 x 104
3.0 x107°
1.7 x 1074
6.1 x 10~
3.7 x 1073

7.0 x 1073 \
2.4 x 102

5.5 x 1071 /
9.4 x 10~© \
2.0 x 103

1.4 x 1072 /

4.2 x 1073 \
3.7x 1072

1.0 x 102 /

—~for the benchmark point of tanp=50 and m,=500 GeV
4 :

ij

ij

ij



3 Conclusions

Type-11 2HDM is not capable of explaining the 2012 exp.
data on the tauonic B decays.

In the general 2HDM (of type 111) ik is possible to explain
B->(DINTV simulbaneously without fine-tuning.

In the 2HDM-111 all the epsilon parameters excepl €4, 5 33
are found to be small.

RHDM-11I Provi,cies stringent upper Limits for LFV neutral
B-meson decays.

Interesting correlations exist in HDM-III among the LFV
radiative lepton decajs and the 3-b0d3 LEV lepton ciacavs.

< Searches for A°Ho-sbc(u) ab the LHC can test the model,



THANK
YOU
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~( LISTENING !!!‘
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Higqs Potential in 2HDMs
Explicit form (MSSM Like):

V = m}, [(va+ pa+ing) (va+ pa —ing) + Hf Hy |

+ m¥y, [(vu+ pu+ inu) (vu + pu — inu) + HE Hy |

A . . . _ . _
* [((va+ pa — ina) Hi + (vu + pu +inu) HY ) ((va + pa + ina) Hy + (vu + pu — iny) Hy)]

2
’\2 + rr— 47— o . . " 2
+ 3 [Hu H, — Hd Hd + (Vy + pu + i) (Vu + pu — i) — (Va + pa + ina) (va + pa — an)]

+ b[H:—Hd_"'H;HI_(Uu + pu +iny) (Vg + pa + ina) — (Vu + pu — M) (vd+pd_i77d)] .

Couplings defining the Higgs-fermion interactions (bype-II1I):

LRHE Lk % _Lu kx _u LRH? my.
Tupus * = 2, ( o, i — €5 cotﬁ) + Ty €p, Ty * = zk ftaﬁ —e?itanﬂ +z§*efci,
f Vd
I‘,I;RHE = x¥ ﬁéﬁ —€f;tan B ) +xp7ed; [LEH® _ 23: sin BVEMNS (g _ e tang
rdi Vg vil; —j=1 fi Vg ji ji
3
LRH* : M, d '
ij=1 o “ \/§ , ‘/5 ’ \/5 ,
3 zk ( ! cos : sin « ‘ sin ﬁ)
LRH* _ o [ M a = \" /5 V2 2 '
Ll = Zcosﬁij (v—:5ﬁ—e;-‘,- ta.nﬁ) : V2 V2 V2
—

J
The covartant derivative is defined to be
(o i W VW i

A. Kokulu (University of Liverpool) 36



Higgs mass terms i 2HDMs

Higgs Hi H PusPd ThasTd
‘Cmass = »Cmass + ‘Cmass + ‘Cmass )

HE HF Av? oy [cotB 1 HF
»Cmass = - (b+ 4 sm (218)) (Hu !Hd) ( 1 tanﬁ) (HZ{- :

oo u.pe) [0 B+2sin28  —b— 22 sin (2) (pu)

ass  —  — \Pu:Pd : :

e : —b— 22 5in(28) btanfB+ 23 cos?8) \Pd

vy
bcot 3 b n

L‘ﬂuﬁhl — — , ! u .

mass (M s Md) ( b btanﬁ) (nd)

Diagonalization via orthogonal matrices Sfield trans. of the form:
H] H\ (cosB —sinf\ (HT
H* H7) \sinf cosp ) <G+)
py 1 [cosa sina) [(A°
pi) 2 \—sina cos a) (H 0) '
M) _ 1 fcosB —sinf A°
ni) /2 \sinfB cosf GY) -

> The physical (h°H°,A°H) and GB (G°,G*) mass eigenstates:

1
HY = pu+i77u:ﬁ(Hosina+hocosa—}—z'AOcosﬂ—isinﬂGO),

1
HY = pd+ind=ﬁ(Hocosa—hosina+iAosinﬂ+icos,3G0),

H! = H] = cosBH' —sinBGT,
H? = H; =sinBH™ +cosBG™,



Explicit expressions for tauonic B-decays

2 2
£ ME.:
Bsm [M — Lv] = G FME, ? T fir| Vs, | ( m%;) (1 +5EM7)
2 ugdi £, ugpd; £; |2
m C —C
Byp = Bsai |1+ M R TL
(muf +mdi)mgj CS{VI“ 7
L
Celr ™ = 4GFViuya,/V2.
cb T 4 chb,T chb, T
R(D) = Rsp(D) |1+ 15% |2t CL | 11|k bc
CE'J\; Cc T
ch,T . chb,7 ch,T _ ch,T 2
R(D*) = Rsm(D*) | 1+0.12R [CR — ?L ] +0.05 Cr _ ?L
Csnmr Csyr

H* j=1 k=1
3
C,ufdl £; tan,B U Mg, Z %
L T m2 Jji%if v kj
H% j=1 k=1
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' Hooft’s nakuralness criterion

d __ dew dew

mY = v, Y2V + vl

mf _ def ew 4 vueejew )

for large tanp Limit and mg(scoGeV)

1.3 x 1074

1.4 x 1072
ei;| < (tan3/50)

2.9 x 1076

1.0 x 102

d
Vy(d) Ez']( Y < VS

u(d)ez] l < max [md (ws)> Md; (u;) ] fori > 7,

[mfi’ mfj] :

Uu€y;| =

58%x107% 5.1 x 1075
2.6x107%  59x1074
1.4%x1072 1.4x10°2
34x107% 3.2x10°2
1.4x107'  1.4x10°!
6.1 x107% 1.0x 1072
6.1 x107% 1.0 x 102
1.0x 1072 1.0x107?

3

1.6 x 1071
1.9

X max [md-(ui) md.(u,)] fori<j,

Wave func. rotations to arrive at phys. basis with diag. quark mass matrices

U.

qL*
if

q _
m; LU =mg, by
CKM wmabrix

Lxyrd L
Vi = U;‘f Uﬁ

A. Kokulu (University of Liverpool)
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Upper Limiks in Ejpe--lll 2HDM
, banpB=40 (red), tanp=5o (blue)
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UpdaEeci values and FvLaEs

Br[B,—>up] = 2971, X100 95% CL, LHCb'Julyl3
BrBy—>up] <« 724 x107%°  95% CL, LHCb'Julyl3

%

Br[B.—>he] < 1.4 x10°%  95% CL, LHCbJuly1sz  \ U-
Br[By->pe] < 37x107  95% CL, LHCb'July13

B[Bd—we]

4.x1072

3.x107°

2.x107%

1.x107°

200 200 500 600 700 800 900 1000 M+ [GEV]

The gray region is excluded
b'j experime.n?:.



Predicted rakio in 2HDM-III

Bt - pyl

Bl - puu]
0.6} tanp=50
OSV . gl #0, €y5=0
0.4

. €l33#0, € 5=0
O s
2#*0, €23

0.3
0.2
0. 1§

- The behavior of 3->1 Etransitions is very similar to 3->2 transitions shown
here.,



