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Open questions

o The origin of flavour is still, to a large extent, a mystery. The most
important open questions can be summarized as follow:

» Which is the organizing principle behind the observed pattern of fermion
masses and mixing angles?

> Are there extra sources of flavour symmetry breaking beside the SM Yukawa
couplings which are relevant at the TeV scale?

¢ Related important questions are:

» Which is the role of flavor physics in the LHC era?

> Do we expect to understand the (SM and NP) flavor puzzles through the
synergy and interplay of flavor physics and the LHC?
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Flavor Physics within the SM

o Liinetic auge + Lhiggs Nas a large U(3)° global flavour symmetry

G =U(3)° =U(3)u ® U(3)s ® U(3)a ® U(3)e ® U(3)L

o Lyvukawa = QYD + Q.YuUr + L. YLEre + h.c break G down to

G — U(1)s x U(1)e x U(1), x U(1),

e CKM matrix: Yy = Voxu X diag(yu, ye, yt) for Yo = diag(yd,ys, yb)

Verm=
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the B-factories
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Waiting for v from tre level processes... (B — DK) [sce Langenbruch's talk]

“Very likely, flavour and CP violation in FC processes are dominated
by the CKM mechanism” (Nir)
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NP search strategies

o High-energy frontier: A unique effort to determine the NP scale

¢ High-intensity frontier (flavor physics): A collective effort to determine the
flavor structure of NP

Where to look for New Physics at the low energy?

e Processes very suppressed or even forbidden in the SM

» FCNC processes (i1 — ey, 7 — -y, Bg.d —utp=, K — i)
» CPV effects in the electron/neutron EDMSs, de, p...
» FCNC & CPVin Bs ¢ & D decay/mixing amplitudes

e Processes predicted with high precision in the SM

> EWPOas (g—2),e a,” —aj¥ ~(3+1) x 1079, adiscrepancy at 30!

> LUIn RY/ = T(M — ev)/T(M — pv) with M = 7, K
M
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Experimental status

process current exp. future exp.
KPmixing ek = (2228 £0.011) x 10°° —
0,
D° mixing A = (—0.02 + 0.16)% ig:gg;f’BLewfﬁ
Bymixing  sin23 = 0.68 + 0.02 ig:g?g Ezﬁ;b”
Bs mixing ¢s = 0.01 £0.07 +0.008 LHCb
OHg <31 x107% ecm —
Oka - <107 ecm
dh <29x%x107% gcm <1072 ecm
o — <1072 ecm
e <1.05 x 107?” ecm YbF < 1073 ecm YbF, Fr
u— ey <5.4x 107" MEG < 6 x 107" MEG upgrade
w— 3e < 1.0 x 10~ "2 SINDRUM | < 107'® Mu3e
p—einAu  <7.0x10""SINDRUMII  —
uw—einAl — <6 x 107" Mu2e

Table: Summary of current and selected future expected experimental limits on CP violation in

meson mixing, EDMs and lepton flavor violating processes.

[Altmannshofer, Harnik, & Zupan, '13]
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The NP “scale”

o Gravity = Apjanck ~ 10'871° GeV

o Neutrino masses —> Asee_saw < 10" GeV

~

e BAU: evidence of CPV beyond SM

1018 faV - sl

» Electroweak Baryogenesis = Anp < TeV

> Leptogenesis => Asee_saw < 10'° GeV

~

Hierarchy problem: =— Anp < TeV

o Dark Matter — Anp < TeV

p d2eay B iy
v atm ot N |

. |
SM = effective theory at the EW scale u
eV - III
> 9 o :
Leg = Lsm + O; E==
d>5 /\%P ! =&3
Lk
=
2

o L5 = 2 LiLigo,

Ase

1
L% generates FCNC operators BR(li — £7) ~ Np
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The NP flavor problem

(6)
Lesr = Lsm + Z A2 ,--
NP
[Isidori, Nir, Perez '10]
Bounds on A (TeV) Bounds on ¢ (A = 1 TeV)
Operator Re Im Re Im Observables
(Frptd ) 2.8 x 10! L6 10 90 x 1077 34w 107 | Amgrey
(Fpdpiirdg) 1.8 = 104 1.2 % 10° 6.9 = 1077 2.6 1071 | Amgsep
(FLyfeL) 1.2 % 108 20 % 10 5.6 % 1077 LO s 1077 | Amps Lgpl, gn
(F o )fnng) 6.2 x 103 1.5 = 10% 5.7 % 1078 1.1 = 108 Amips Lgipl g
(i P 5.0 % 107 93 % 107 3.3 % 1070 1O > 107° | Amg,: Sp—uk
(Fpd ) pdp) 1.9 s 10 36 % 107 5.6 % 1077 17 5 1077 | Amegys Spy—vk
(Fryhs ¥ L1 x 10 LI = 107 7.6 x 1073 T60w 107° | A,
(F s b psg) 3.7 % 10 3.7 % 102 1.3 = (0-F 13 % 107 | Amg,
4

“Generic” flavor violating sources at the TeV scale are excluded
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Higgs discovery

[mgl=Imyl=3TeV, |mgl=10TeV
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EDM mixing
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mg=mp=|ul (TeV)
Low energy constraints fixing (d4); = 0.3. The upper (lower) plot gives the reach of

current (projected future) experimental results [Almannshoter, Harnik, & Zupan, "13]
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Bs — putu~

o First evidence for Bs — "~ discovery at LHCb, 12

BR(B: — ' p”) = (3.27)%) x 107°

o Next goals after the Bs — ;" .~ discovery:
» Precision measurement of Bs — putu™
» Discovery of By — u*u~ (large NP effects are still allowed)

» To monitor the ratio BR(Bs — p*p™)/AMs and
BR(Bs — ptu~)/BR(By — ptu~): powerful tests of MFV

» To look for non-standard effect in B — K(K*)¢+¢~ observables

10/ 44
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Bgd — ptp~ and NP

FCNC processes as Bg,d — utp~ offer a unique possibility in probing the underlying
flavour mixing mechanism of NP

e No SM tree-level contributions (FCNC decays)

CKM suppression — BR(BL ; — 1" 1) ~ |Vis(a)|®

Elicity suppression — BR(B2 ; — p"pu~) ~

Dominance of short distance effects — SM uncertainties well under control

BR(Bs — ptp™)=° (3.23+0.27) x 107°
BR(By — p 1) = (1.07£0.10) x 107" (o etz 12)

High sensitivity to NP effects: SUSY, 2HDM, LHT, Z', RS models.....

Y& Vi Vi d3d

A(b — d)rcne ~ CSMW + CNPW
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Bs — putp~ in the SM

+ Recend developments concerning the SM prediction of B; — u ™

I) Updated prediction taking into account leading NLO EW (+ full NLO QCD)
of the photon-inclusive flavor-eigenstate decay:

_ Mo (¢ s, N B ViV,
BRI = 32348 % 107" 2 : ) i ) bt
* (1?3.2 Gev) \227MeV) \ 1466 ps/ |1.05 x 1072

f

~ 3% th, error, which could
be further reduced with a SM prediction giving present best
full NLO EW calculation estimate of parametric inputs

2

= (323401540237, ) x 1077 Buras. Girsbach,

Guadagnoli, G.1."12

11) Correction factors in relating BR'® to the experimentally accessible rate
s Photon-energy cut [Buras eral. 12] — ~ -10% (afready included in exp. efficiency)
o AT #0 [Broyneral '12] — ~+ 10% (not included yet in exp. results)

+ To compare with experiments need a time integrated branching fraction,
taking into account the finite width of the Bs system:

1

1_yBR(B — ' p)® = (354 +0.30) x 107°

BR(Bs — pu'tpu™) ") =
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Theory of Bg g — put ™

o Effective Hamiltonian for Bs s — p ™
HEE_ = HE + CsOs + CpOp + C505 + ChOp + h.c.,
e SM and constrained MFV (CMFV) current

g2 4Gr
1672 /2

HE = CioQuo Qio = buy" qulyst, Cio" ~ Vio Vis
e Scalar currents (2HDM, SUSY)

Os = H;qdﬂe y OP = agd{z*ysé N

Os=ddhie,  Op=d diivyst .

_\ T8,F5m}, m?
BR(Bs — p' ) = g [1 -4 <|B| ( 45 | +IAF
Bs Bs

ITIBS

T
5 (C10 Cm) + o (CP Cp) R B =

(C - Cs)
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Bs — ptp~ vs By — ptp~ in MFV

6

Bl RV B-uu)
B RV B-Xtr)
- inC|Uding6Cg,1o

(&)

N

N

RNP(Bd—>[1+[1_,B—>X5T+T_)
[N w
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RV (Bs-utu7)

M(Bs — £1¢7) _ T,

F(Bd — f"'f‘) - dede

2

Vis

72

Powerful probe of MFV (Hurth et al. ’08)
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Br(Bs — putu~) vs. Br(By — ptu™)

Abelian SUSY flavor model Non abelian SUSY flavor model
2x107° 2x107
N " [
+:L 1% 10 +:‘:.
3 3
T 5x107'° Tﬁ 5%1071°
g S
¥ [
o e
2% 10710 2x107"°
1%10-10 3 1x1071° “JON .
1%102% 107 5x10 x10% 5x10 x 107

I1x1072x107° 5x107%x102x107% 5%x10 %107

BR(B—u" ) BR(B,—u* i)

[Altmannshofer et al., '09]

Br(Bs — p*u~)/Br(By — p'u~) = |Vis/ Via|? in MFV models

[Hurth, Isidori, Kamenik & Mescia, '08]
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B — K*¢t/¢— observables

Ohbs. | |46 i-l_lﬂ m 'E”E| 51 minst sensitive to
Fy | =53 Fy, Fy ‘3 C.Hs'\l:m

App :Tr-‘l'ﬁ Apn Arn —Api —App CrCa

L 5 O O Ca, Oy
8 Sy A1- F;_}A.Eﬁi #l1 - FA’-JA-[;-II Cra.n

Ag Ag %.“'1-“ Ay C'J.'.!l: i1}

2 )
A- A —zAY 7,10

Table 1: Dictionary hetween different notations for the 8 — K p"p~ ohservables and

Wilson coefficients they are most sensitive to (the sensitivity to C.?"J is only
present at low g%).

Si= (/i +7/) /7(1(2;; N , A= (/i —_/i) /7(1(2;; N .

see references in Altmannshofer, P.P., Straub, ’11
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B — K*¢t/¢— observables

Scomio | BR(B, - u*u-) BR(B. - 707) |WAshual [(Aeduel [Ashual  (Sahug
Iteal LH [LOGH] % 107 [2,12] x 107 0 0 i 0
Complex LH | [L0.5.4] % 10-?  [2,12 % 107 <03l <015 0 0
Complex RH < 5.6 = 109 < 12 x10°7 < [(L22 < (.17 < {12 [=0.06, D.15]
Generie NP < Bh = 1077 < 121077 < (L3 < .20 < {15 [=h1L, D18]
LH Z peng. [1.4.5.5] = 107* [3,12} % 1077 < (L2T < .14 [l il

RH Z peng. < 38 = 107 < B w107 < (L22 < (.18 = {12 [—0.0%, 0.18]
Cenerie Z p. < 4.1 = 107" < 9x 17 < (L2§ < (.21 < (13 [=0.07, 019
sealar current < 1.1 = 107" < 1323 x 107" 0 i} 0 i}

Table 3

: Predictions at 83% C.L. for the branching ratios of B, — p*p” and B, — 777~

and predictions for low-¢* angular observables in B — K p e~ (neglecting tiny
SM effects below the percent level) in all the scenarios. The scenarios “Real
LH”, “Complex LH”, “Complex RH”. “Generic NP"., “LH Z peng.”, “RH Z

peng.”. and “Generic Z p” correspond to the scenarios discussed in sec

sec, [.2.2) sec. sec, [R24] sec, [110] sec. [11.2] and sec, [L1.] respectively,

assuming negligible (pseudo)scalar currents. In the scenario “scalar current”
only scalar currents arve considered, The number quoted for B, — 77~ in the
“sealar current” scenario refers to the maximum valoe for its branching ratio

in the case of dominant scalar (peeudosealar) currents.
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Up-quark flavor physics: motivations

e Processes involving K and B mesons have always been regarded as the most
interesting probe of flavor and CP violation.

¢ In the SM, the largest flavor and CP violating effects appear in the down sector,
since the top mass is the main source of flavor violation and charged-current
loops are needed to communicate symmetry breaking, in agreement with the
GIM mechanism.

e While these properties hold in the SM, there is no good reason for them to be
true if new physics is present at the electroweak scale. In particular, it is quite
plausible that new-physics contributions affect mostly the up-type sector,
possibly in association with the mechanism responsible for the large top mass.

e SUSY models with squark alignment (nir & seiverg, 93 provide one example of
theories with large flavor and CP violation in the up sector but this situation is
fairly general in classes of models in which the flavor hierarchies are explained
without invoking the MFV hypothesis [Giudice, Gripaios & Sundrum, '11].

e D-meson decays represent a unique probe of new-physics flavor effects, quite
complementary to tests in K and B systems.
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Golden channels in the up-sector

What/where to look for?

* “Golden"” measurements in up-flavor physics:
' Diract CP violation in singly-Cabibbo-suppressed decays
* CPV in neutral D mesons mixing

+ Hadronic EDMs

High-pr

physics
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Golden channels in the up-sector

Time-integrated CP asymmetries in D°—h*h-

= Two-body decays of neutral D into charged hadrons (experimentally easy)

* Sensitive to both direct and indirect (mixing induced) CPV
_ T(D" - hth™) - T(D" — hth™)
T T(DY 5 hth—) —T(DY — hth—)

Agp(hth™)

ir (f) 111
adis (k) + —a2p

* Need to tag DU flavor at production time
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Golden channels in the up-sector

New LHCDb results

* D*-tagged analysis (preliminary result)
[LHCh-CONF-2013-003]

AdAgp = (—0.34£0.15+0.10)% | BaBar

« Semileptonic B-tagged analysis CDF
[LHCh-PAPER-2013-003, arXiv:1303.2614]

Belle
AApp = (+0.49 + 0.30 £ 0.14)% :

LHCh 1|Tmm[HJ
10w
* New HFAG average [March*13] L—Hgﬁh#mmmm
Aad}p = (—0.33 £0.12)% g
agp = (+0.01 £ 0.16)% -1 . !

AA, (%)

Paride Paradisi (CERN) Flavor Physics in and after the LHC era LC13 21/44



Golden channels in the up-sector

SM vs NP predictions

* Considering only the chromomagnetic operator as possible NP contribution

&

—(0.13%)Im(AR®™) — gz I_m(("‘:“’) Im(ARN)

o ARSM = gre(me)/mt = 0.1 in perturbation theory but a much larger non-perturbative
effect is expected

e |n SU(3) limit acp(K*K") = —ace{n™n’} which then should add constructively in Aace

= In naive factorization |Im{ARMF)| = 0.2 |Grossman, Kagan. Nir 051 then

Aa?_{.f; ~ 92 Im(CgIP - C’éNp)
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Golden channels in the up-sector

Other tests of direct CPV in charm

» |f Aace driven by the chromomagnetic opertator, then large direct CP
asymmetries could show up in D"=+VYy pisidori. Kamenik '12; Lyon. Zwicky '12]

Im[C'7 (im..)] [ 10-5 1/2
0.4 % 102 | | B(D = (p.w)7)

| (p )] = 0.04(1)

< 10%

= SU(3)-flavor anatomy of non-leptonic decays taking into account SU(3)-
breaking effects at the second order |Grossman, Robinson '12; Hiller, Jung, Schacht '12]

e Correlations between CP asymmetries in different channels (D" —Ksnt' vs
D= KsK*, D*—=mn?, DP—nn® and D*—+KsKs ) allow to differentiate
between different scenarios for the underlying dynamics, as well as
between SM and various extensions

* Measurement of individual asymmetries rather than difference of asymmetries
Acp(K+*K=) = (—0.32+0.21)%

. [CDF 10784 -arXiv:1208.2517]
Acp(rta=) = (+0.31 £ 0.22)%
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Ab7my,
(0)em ~ —=

m ’
-

Aacp in SUSY
o Disoriented A terms (G rciudice, G.isidori, & PP, 12], @Xplicitly realized in Partial
Compositeness frameworks [raiiazzietal, '12]

(6N ~ (6;’)RR ~ 0, [G.FGiudice, G.Isidori, & PP, "12]
010 Am A 012 TeV _
o §%) a0 S22 1070
S (%)™ =5~ 02~ 355 ’
ﬁ1({eV) =05 | (5’-’ ) |
0.5 SUsY| . o, 1M (032), 5| [ Te
o \ 2\ ‘Aacp ’ ~ 0.6 571 0-3 ) s
NN
0% N\ 15
N NGy e Down-quark FCNC under control
08 N A thanks to the smallness of Mguown.
N N1 \..\15
\\ 1 1\\ \ 5‘l o EDMs suppressed by m, 4 yet close
\ P \ to the exp. bounds.
o A= 0&.3 \2 2
10
110 115 120 125 130 135 140
m, (GeV)
[G.F.Giudice, G.Isidori, & P.P, '12]
Paride Paradisi (CERN)

e Roboust prediction: |Aacp| ~ 1%
implies a heavy Higgs boson!
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New-physics scenarios with Z-mediated FCNC

o Effective Lagrangian for FCNC couplings of the Z-boson to fermions

L2 = 5o Lo P [(0D)i PL+ (9R)i Pe] @ Z. + he.

F can be either a SM quark (F = g) or some heavier non-standard fermion. If F
is a SM fermion
2 2
z 4 z z v z
J— . J— %)
(90)i ME, (AD)i (9R)i MI%P( R)i

e Direct CPV in charm

m [(Af)Zt(Aﬁ)ct]
5x10-2

Im [(97)it(95)ct]

5% 10-4 ~ 0.6%

1Tev\*
‘Aaﬁ;FCNC‘ ~ 0.6% < Mev>
NP

e Neutron EDM

Im [(97)it(9R)ut]

N —26
|dh| =3 x 10 5 % 10-7

e Top FCNC

(9B)cc|°

~ —2
Br(t — cZ) ~ 0.7 x 1072 | 5210
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New-physics scenarios with scalar-mediated FCNC

o Effective Lagrangian for FCNC scalar couplings to fermions

L5 = —a [(gl)y P+ (9R)i Pa] @ h+ hic.,

h PN h N
(g0)i = e, (AL 5 (9R)i = Ve, (AR)ii s
e Direct CPV in charm

Im [()‘ )ut(>‘ )Cf]
5x10-2

Im [(97)i(9R)1c]

> % 10-4 ~ 0.6%

(1 Te\/')4
Mxp

‘Aah FCNC] ~ 0.6%

e Neutron EDM

Im [(97)i(9R)w]

N —26
|dh| =3 x 10 > % 107

e Top FCNC ,
—2 (Qg)tq
101

Explicit realization of this setup in Partial Compositenes [ratiazzi & collaborators, '12]
and Randall-Sundrum models [pelaunay, kamenik, Perez, Randall, "12]

Br(t — gh) ~ 0.4 x 10

)
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Aacp in scenarios with Z- and scalar-mediated FCNC

axp..hound

10 10 107 107% 10 10 10 10 10 10 1
BR (t — c2) BR (t - ch)

Left: BR(t — ¢Z) vs. Aag,"“NC. Right: BR(t — ch) vs. AdL,"“NC. The plots have

been obtained by means of the scan: |(g{)u| > 1072, |(g%)et| > 1072, where

X = Z, h, with arg[(g{)u] = +7/4 and arg[(gA )«] = 0. The points in the red regions

solve the tension in the CKM fits through a non-standard phase in B,~B, mixing.
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CPV in neutral D-meson mixing

o Edtiniliam [hdir et al.; Kagan et al,, Petrov et ai.; Bigietal.. Buras etal, ]
i i i i) =0
(D7 Her| D7) = Mya— Er”’ [D19) = plD7) £9|D7)
q Ml“g = ériz
ALSTEE I G S = Arg
- ‘/.Um i, ¢ = Arglq/p)
Armn ar !
== 27Re [ (ﬁf:z - EF”)J 5 v=3r = —2rhm [IEJ (iulz — 5[‘]2):|
s Observables
(DY — h“’h J—F (D" = hthT) ind
Ar = — e = —lugp
F(D" — 1+ F(DY = hthT)
xé( —D maﬁé—%(E +E‘)sin¢5
D(D® = he-v) —T(D" = h=#rw) _ |g|* — [p]*
asy, = =

D(D% = Wt i—u) +0(D" = h=fte)  Jg* + [p|*
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Experimental status

= (0.497010)%
= (0.74 + 0.(}9)%

la/pl = (0.695511)%

Arg{qfp) [deg.]

T "‘h

l
Za
du
Bia

L PR
-0.5
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MOdEl Independent CPV In mIXIng [Altmannshofer, Buras, PP "10]

..‘ —t L 4 4-- A
2 . 2+
— i - L
% s %‘ ol
3 S
b b
gl L Lo L i o
A= —4 —
—60  —40 =20 0 20 0 &0 10 —0.5 0.0 as r.a
¢ [7] a5,

- light gray satisfies xe[0.46,1.46]% and y=[0.51,1.15]%

- darker gray further satisfies |q/p|e[0.57.1.21]

- red is compatible with all above constraints plus ¢e[-22.5.6.3]°
- the dashed lines stand for the resuiting allowed range for Ar
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Leptonic dipoles: LFV, (g — 2),, EDMs

e Neutrino Oscillation = m,, # m,; = LFV

e see-saw: m, =

Dy2
("A’,;’; ~ eV, Mg~ 10" = m> ~ myy

e LFV transitions like 1 — ey @ 1 loop with exchange of

» W and v in the SM framework (GIM) with Ayp = Mg

mD4 50
Br(n — ey) ~ /\/74 <10~
R

» W and  in the MSSM framework (SUPER-GIM) with Ayp =

mD4
v )
Br(p — ey) ~ ~— [Borzumati & Masiero '86]

U
e LFV signals are undetectable (detectable) in the SM (MSSM)
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¢ — ¢'v: model-independent analysis

o NP effects are encoded in the effective Lagrangian

L= e% (ERO-MVAEZIZ,L + Z/LO-MVAEZ’EH) FH & é, =6e,u,T,

1 L L R R V (1 R«
Ay = ——— ( 7 ’ ) fi(x — ( ’ ) fo(x; s
= G A 2 [ Gik 9ok + 9ok ok ) Fr(X) + e ek 9ok ) T2 (Xk)
» Aa, and leptonic EDMs are given by
Aay = 2m§ Re(Au), % =my Im(Agg) .

» The branching ratios of / — ¢/~ are given by

BR(¢{ — ¢'y) _ 48na 2 2
BR( — Cvpiy) @ (|A££/| + Al ) .

¢ “Naive scaling”:
2 2
Aaei/Aa‘ej = m@,‘/mzl'ﬂ dl,-/dlj = mZ,-/ij .

(for instance, if the new particles have an underlying SU(3) flavor symmetry in
their mass spectrum and in their couplings to leptons, which is the case for
gauge interactions).

[Giudice, P.P., & Passera, '12]

Paride Paradisi (CERN) Flavor Physics in and after the LHC era LC13 32/44



Model-independent predictions

* (g — 2)¢ assuming “Naive scaling” Aay,/Aay, = mj /m}

_ Aa,u —13 _ Aaﬂ —6
Aae = (73X 1079> 07x107"®,  Aa, = <73X ) 08x 107"

o EDMs assuming “Naive scaling” dgi/dg/ = mgi/mg].

Aae _24
de ~ <W> 10 tan ¢e € cm,

- Aa, —22
d, ~ (73><10—9>2X10 tan¢, ecm,

Aa; 21
d‘r =~ <W)4X10 tan¢7— ecm,

* BR(¢4 — 4y) vs. (9 — 2)u
N _13 Aa, 2 Oep 2
BR(p—ey) = 3x10 (3><10—9> 105,

2 2
BR(7 — #y) =~ 4><10_8<3><Af879) (1%12) .

[Giudice, P.P., & Passera, '12]
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A concrete SUSY scenario: “Disoriented A-terms”

o Challenge: Large effects for g—2 keeping under control 1 — ey and de

o “Disoriented A-terms” [Giudice. Isidori & PP, 12]:

f

(‘ﬁn)f ~ f: U, d?‘e I

7
» Flavor and CP violation is restricted to the trilinear scalar terms.

» Flavor bounds of the down-sector are naturally satisfied thanks to the smallness of
down-type quark/lepton masses.

» This ansatz arises in scenarios with partial compositeness where we a natural
prediction is 65 ~ /m;/m; (Raazzietal. 2],
e 11— ey and d. are generated only by U(1) interactions
e (& e de (] Imsee
L cos2Qy LR’ e cos2fy LR

e (g —2), is generated by SU(2) interactions and is tan 8 enhanced therefore the
relative enhancement w.r.t. 1 — ey and de is tan 5/ tan® 6 ~ 100 x (tan 5/30)

«
Aay ~ tan
£ sin? oy g

LC13 34/44
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A concrete SUSY scenario: “Disoriented A-terms”

e Numerical example: m = |A¢| = 1 TeV, singpa,=1, Mo = p=2M; = 0.2 TeV,
and tan ﬂ = 30 [Giudice, PP, & Passera, '12]

2
| A6 Tev\*
BR(4 — e z6x1013—$< )
(n— ev) TV Jme | \
N _28 % TeV 2
de ~ 4x10 Im(TeV m; ecm,
B o (TeV\? (tan
Aa, ~ 1x10 <m2> 30 ) -

» Disoriented A-terms can account for (g—2),,, satisfy the bounds on u — ey and de,
while giving predictions for 1 — ey and de within experimental reach.

» The electron (g — 2) follows “naive scaling”.
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scenario: “Disoriented A-terms”

Predictions for © — ey, Aa, and d in the disoriented A-term scenario with
95 = /mi/m;. Left: u — ey vs. Aa,. Right: de vs. Aa, [(Giudice, PP, & Passera, "12]
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Not only u — evy...

e LFV operators up to dimension-six

Lesr = Lsm + odim=6 ,

2
ALFV

> pro" HerFu, (uny'er) (7L’y”fL) , (Brer) (7nf1_) , f=eud
e the dipole-operator leads to £ — ¢'~v while 4-fermion operators generate
processes like ;4 — eee and i — e conversion in Nuclei.

Odim—ﬁ

e When the dipole-operator is dominant:
BR(4 — f/szk) ~ Qe m(Zg/ _3 BR(¢i — ¢)
BR(¢ — Gojv;)) 3w 9 m%k BR(¢ — {ipjvi)
CR(p—einN) =~ aem XBR(p— 7).

e BR(p — &) ~ 10~ "2 implies BR(. — eee) < 0.5 x 10~ '* and
CR(u — einN) <05 x 107 ™.

e A combined analysis of u — e conversion on different target nuclei can
discriminate among the underlying operators since the sensitivity of different
processes to these operators is not the same [Okada et al. 2004].

e For three body LFV decays as i — eee, an angular analysis of the signal would
be crucial to shed light on the operator which is at work.
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Pattern of LFV in NP models

o Ratios like Br(u — ev)/Br(t — pv) probe the NP flavor structure

o Ratios like Br( — ev)/Br(i. — eee) probe the NP operator at work

[ rafio | LHT [ MSSM_ | SM4 |
| B | 0.02...1 [~2.10° ] 006...22 |
(B [ 004..04 | ~1.102] 007...22 |
= 0.04...0.4 [~2.10°] 0.06...22 |
[BC—e [ 004..08 | ~2-.10° ] 0.03...13 |
| T | 0.04...0.3 [~1.10%] 0.04...1.4 |
B 08...2 ~5 15...23
e 0.7...1.6 ~0.2 14...17
(TS 102 102 | ~5-10° | 10 7...26 |

[Buras et al., '07, '10]
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Testing new physics with the electron g — 2

¢ Longstanding muon g — 2 anomaly

Aa, = a, " — & =290(90) x 107°,  3.50 discrepancy

NP effects are expected to be of order a)F ~ aFVV

2
ew My 4.2 8 . 4 " —9
a, = @y <1 3 Sin 9w+3sm Ow | =2x107".

Main question: how could we check if the a,, discrepancy is due to NP?

Answer: testing new-physics effects in ae (Giudice, PP & Passera, 112]

“ - A s, _ 2 2
Naive scaling”: Aa,, /Aay, = mgi/mej

_ Aa,u —13
Age = <73 - 10_9> 0.7 x 1072,

> ae has never played a role in testing beyond SM effects. From ag™ () = af*¥, we
extract a which is is the most precise value of « available today!

» The situation has now changed thanks to progresses both on the th. and exp. sides.
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The Standard Model prediction of the electron g — 2

« Using the second best determination of o from atomic physics o(*’Rb)
Aage = a2 — g™ = —10.6(8.1) x 1073,

» Beautiful test of QED at four-loop level!
» §Aae = 8.1 x 10~ '3 is dominated by §aSM through §a(87Rb).

e Future improvements in the determination of Aa,

(0.6)qep4, (0.4)qeED5, (0.2)HAD, (7.6)s0, (2.8)561;:)(1:. (1)

(0.7)n

» The first error, 0.6 x 10~ '3, stems from numerical uncertainties in the four-loop QED.
It can be reduced to 0.1 x 10~ 13 with a large scale numerical recalculation [inoshita)

» The second error, from five-loop QED term may soon drop to 0.1 x 10~ 13,

» Experimental uncertainties 2.8 x 10~13 (§aE%F) and 7.6 x 10~ 3 (5a) dominate.
We expect a reduction of the former error to a part in 10~ '3 (or better) [Gabricisel.
Work is also in progress for a significant reduction of the latter error [nez).

e Aa. at the 1073 (or below) is not too far! This will bring a. to play a
pivotal role in probing new physics in the leptonic sector.
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Supersymmetry and ae

e SUSY contributions to a, comes from loops with exchange of
chargino/sneutrino or neutralino/charged slepton.

¢ Violations of “naive scaling” can arise through sources of non-universalities
in the slepton mass matrices in two possible ways

» Lepton flavor conserving (LFC) case. The charged slepton mass matrix violates
the global non-abelian flavor symmetry, but preserves U(1)3. This case is
characterized by non-degenerate sleptons (mgz # my # mz) but vanishing mixing
angles because of an exact alignment, which ensures that Yukawa couplings and the
slepton mass matrix can be simultaneously diagonalized in the same basis.

» Lepton flavor violating (LFV) case. The slepton mass matrix fully breaks flavor
symmetry up to U(1) lepton number, generating mixing angles that allow for flavor
transitions. Lepton flavor violating processes, such as . — e+, provide stringent
constraints on this case. However, because of flavor transitions, ae and a,, can
receive new large contributions proportional to m (from a chiral flip in the internal
line of the loop diagram), giving a new source of non-naive scaling.
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Lepton flavor conserving case

wAd =13

£2Y%10

NG =3

T 1X

-1 -075 -05 -025
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en

Aae Vs, Xe, = (M2 — m2)/(m2 + m?)

alirgg

BR(7 — ev) vs. |Aag|
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Conclusions and future prospects

¢ Important questions in view of ongoing/future experiments are:

» What are the expected deviations from the SM predictions induced by TeV NP?
» Which observables are not limited by theoretical uncertainties?
> In which case we can expect a substantial improvement on the experimental side?

» What will the measurements teach us if deviations from the SM are [not] seen?

o (Personal) answers:

» The expected deviations from the SM predictions induced by NP at the TeV scale
with generic flavor structure are already ruled out by many orders of magnitudes.

» On general grounds, we can expect any size of deviation below the current bounds.

» The cleanest th. observables are cLFV processes, leptonic EDMs, LFU observables,
rare B and K decays (especially Bs ¢ — p*p~, K — mvw), GPV in meson mixing

» On the exp. side there are still excellent prospects of improvements in several clean
channels: y© — ey, uN — eN, u — eee, 7-LFV, EDMs, leptonic (g — 2),
Bs g — ptp~, K — mviz, CPVin Bs and D systems, v from B — DK.

» The the origin of the (g — 2),, discrepancy can be understood testing new-physics
effects in the electron (g — 2)e. This would require improved measurements of
(g — 2)e and more refined determinations of « in atomic-physics experiments.
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Conclusions

Irrespectively of whether the LHC will discover or not new particles, flavor
physics will continue to teach us a lot!
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