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Plan of Talk

@ Status of flavour physics in the SM

® New Physics in b — s transitions: a model-independent analysis
® “Flavour-test” of NP models:
» Models with non-standard Z couplings
SUSY MFV scenarios & 2HDM with MFV
SUSY GUT scenarios
SUSY flavour models

v

v

v

® Direct vs. indirect charm-CPV

® Conclusions
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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)
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Messages from the B-factories
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[ [ excluded area has CL > 0.95
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“Very likely, flavour and CP violation in FC processes are dominated
by the CKM mechanism” (Nir)
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UT tensions
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Similar conclusions from the CKMfitter collaboration (’10)

© These “UT tension” are interesting but not significant yet.
® To monitor the impact of BSM scenarios on the UT analyses.

® To monitor the implications of possible solutions of the “UT tension” in BSM
scenarios.
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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 & CPV in Bs g4, D decay/mixing

e Processes predicted with high precision in the SM

» EWPOas (g—2),: a2 —aSM~ (3+1) x 1079, a discrepancy at 3¢!
w n m

> LUin RY"=T(M — ev)/T(M — ) with M =, K
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Experimental status

Observable SM Theory Present Future | Future
prediction error result error Facility
See—po 0.036 < 0.01 <0.2] 0.01 [ LHCb
Seok sin(20) <0.05 0.44+0.18 0.1 LHCb
Al —5x 10~* 104 —(5.8+3.4)107% | 10~ | LHCb
A3 2x 105 <105 (1.6 £8.5)10°8 10-3 | LHCb
Acp(b— s7) < 0.01 < 0.01 —0.012 £ 0.028 0.005 | Super-B
B(B—1v) 1x10~* 20%—5% | (1.73+0.35)10~* 5% Super-B
B(B— uv) 4 %1077 20% — 5% <1.3x10°® 6% Super-B
B(Bs—utp™) 3x10°° 20% —5% <45x107° 10% | LHCb
B(By—ptp™) 1x10-10 20% —5% <15x10°8 [?1 LHCb
B—Kvi 4 %1076 20% — 10% <1.4x10°5 20% | Super-B
19/P|D—mixing 1 <1073 (0.86"51%) 0.03 | Super-B
o0 0 <103 -(9.6183%)° 2° | Super-B
B(K* —xtvp) | 85x 10~ 8% (1.737512)1071° | 10% | K factory
B(K,—7%p) | 2.6 x 10" 10% <26x10°8 [?] K factory

[Altmannshofer, Buras, Gori, Paradisi, and Straub, '09; Isidori, Nir, and Perez, '10]

Superstars of 2011-2013 in flavour physics: ;1 — ey, Bs— ¢, Bsg—pup~
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B — K*¢t/¢— observables

| Observahle | Experiment | SM prediction |

10*xBR(B — X.7) 3.55 + 0.26 26 3.15+0.23 27
Sicen —0.16 £ 0.22 24 (-2.3£1.6)% a1
105%xBR(B — X760 )y i 1.63 £ 0.50 37)(38] 150 0,11 42]
107XBR(B — X, 07 F Jaras 43+12  |3738) 2.840.7 10
107%BR(B = K" )4 171+0.22 (74968 2.98 + .63

107 xBR(B — K+ )y s | 1112023 [7]l49]68 115+ 0.33

107X BR(B — K*£*€ ) 15101 135015 [7|l49lf63l 1.34 + 0.51

(FL)(B = K¢ Yym 0.61£0.09  [7]l49]51 0.77 + 0.04

(FENB = K0 Vg 106 0.28£0.09  [7]l49{51 0.37 + 0,17

{(FL) (B — K* €M )00 0.23£0.08  [7]l49§51 (.34 %+ 0.22
{ApadlB —= K¢ 0.4 012 [7|l4sl51 0.03 £ 0.02
(Apa)(B— K6 s | 0502007 [ffaefs] | —o41+0m
{Apah(B = K10 g m —0.38 £ 0,10 |7]l49l51 —0.35 £ 0.11

(Ss}(B — K*£° 0 )y g 0.27 £ 0.56 5] | (—o+10)10°2
{Ap)(B = K*t* ¢ ) 0.09 +0.39 51 | (1524108
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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

1016 GaV - d - rellesl

» 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 - IEI
> 9 o :
Leg = Lsm + O; E==
d>5 /\%P ! =&3
Lk
-
o LF° = mt Likivo,
BR(4 — ¢y) ~

£95° generates FCNC operators .
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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
i) 0.8 x 10! L6 = 103 90 x 1077 o 107 | Amgiey
(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
(FruL)(Erttp) 62 x 103 1.5 = 1t 57 % 1078 1= 10" 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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Formalism for By ¢ mixing amplitudes

e Theory: "
M, = (MfZ)SM Cp,e”%% (g=4d,s).
AM; = 2|M,| = (AMg)suCs, ,
ST/JKS = sin(26+ 2(p5d) s
Sye = sin(2|Bs| - 2¢ps,) ,
where Vig = |Vigle™"” and Vis = —|Vis|e~"s. From global CKM fits based only
on tree-level observables
sin(2B3)tree = 0.775+0.035,
sin(2f6s)ree = 0.0384+0.003 .
o Experiments:
Syk, = 0.676+£0.020,
SZ’;"(,O) = -0.03+0.18.
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Bs — putu~

e Theory oL L
Hesr = —CsQs — CpQp — CsQs — CpQp
Qs = My (EPRb) (Zﬁ) s OP =My (épnb) (Z’ysf)
és = My (SPLb) (Z) s ép =Mp (EPLb) (2755)
2 3
ot _ 78.F5,Mp, _ m ﬁ 2
BR(B: ) = T 1 e (|B| ( 4m%s> 1A )
A= 2nn,;7u C10 + Mg (Cp — ép) , B= mg, (Cs — Cs)
4G
cit 132 g VeV

BR(Bs — p pn )sm = (3.60 +0.37) x 107°
o Experiment
BR(Bs — p1 1 Jexp S 4.5 x 1072 (110012
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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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Time-dependent CP asymmetries in the decays of neutral B mesons

e Theory
Ag(t) = Sysin(AMt) — Crcos(AME) . (1)

In the SM, |S;| and C; are universal for b — §'q's (¢’ = ¢, s, d, u):
—ne Sy ~ sin23 and Cy ~ 0 where 7 = +1. NP effects can contribute to

i) the By mixing amplitude;
ii) the decay amplitudes b — qqs (q = s, d, u).

A= e MR (A A )
¢s, = NP phase of By mixing, Ar (Ay) is the decay amplitude for By(By) — .

Af = <f|Heff|Bd> 5 Zf = <f|Heﬂ|§d> ) (3)
2Im()f) 1— [\

S =" c=_——"" 4

EIEE YT TR @

Ar = Af

14 ale + Z (b5 + ble™) (7" (Mw) +nféiNP*(MW))] - O
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b — s transitions: model-independent analysis

New Physics scenarios

© Real left-handed currents, C; € R, C/ = 0. This is realised e.g. in models with
MFV in the definition of D’Ambrosio et al., i.e. no CP violation beyond the CKM
phase.

® Complex left-handed currents, C; € C, C/ = 0. This is realised e.g. in models
with MFV and flavour-blind phases.

® Complex right-handed currents, C/ € C, C; = 0.
© GenericNP, C;c C, C/ € C.

© Models with non-standard Z couplings: only C} ), with C) = —(1 — 4s3)C{)

oy ()
O3 e O

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.

IFAE 2012
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B — K*¢t/¢— observables
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Figure 7: Fit predictions for the low-¢° OP asymmetries (A3 in B — K'utu in

the case of complex left-handed currents {left ), complex right-handed currents
(eentre) and generic NP (right). Shown are 685 and 95% C.L. regions.

Altmannshofer, P.P., Straub, ’11
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B — K*¢t/¢— observables
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Figure 11: Fit predictions for the low-q OP asymmetries {A; ) in B — K*ptu- for
the scenario with left-handed [left). right-handed (centre) or generic (right)
modified & conplings, Shown are 68% and 95% C.L. regions.

Altmannshofer, P.P., Straub, ’11
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Sy Sy Su

e Main messages:

» The “UT tension” is “solved” by a NP phase in By-mixing (Sy ) implying a large
NP phase in Bs-mixing (S,¢4), in agreement with present data (i remains SM-like).

> Non-standard CPV effects in Bs mixing S, imply lower bounds for the EDMs in
the experimental reach as well as non-standard values for BR(Bs ¢ — ptp™).

» An extended Higgs sector below the TeV scale is required for such a pattern of
deviation from the SM =- the interplay of LHC (M), LHCb (Sy.¢, Bs.g — 1 p™),
and EDMs experiments (dy, dr;, dyg) will probe or falsify the scenario.

[Buras, Isidori & P.P, ’10]
19/50
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SM with MFV and “flavo

r blind” phases

msmswicoo

e [Ge\l‘]

———e
1107
Sufr®

S
|Gl [ecm] 157

11000
Bl

>

>

>

>

>

CP violating AF = 0 and Af | dipole
amplitudes can be strongly modified

Spg and S,Jfks

brought in agr

can simultaneously be
1ent with the data

sizeable and norrelated effects in

lower bounds on the electron and neutron
EDMs at the level of d. . — 10 “"ecm
large and correlated effects in the CP
asymmetriesin 8 — K ' p"pn”

(WA, Ball, Bharucha, Buras, Straub, Wick)

v

the leading NP contributions to AF = 2
amplitudes are not sensitive to the new
phases of the FEMSSM

CP violation in meson mixing is SM like
i.e. small effects in Sy, s""“s and ey

in particular: 0,03 < S, . < 0.05

A combined study of all these observables and

their correlations constitutes a
very powerful test of the FBMSSM

Paride Paradisi (CERN)
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Quark-Lepton connection in SUSY GUTs

RG induced Quark & Lepton FV interactions in SUSY GUTs

e SUSY SU(5) Barbieri & Hall, '95)
(6003 ~ h01j 1 Vi Viay — (0)i = (07,
e SUSY SU(5)+RN [vanagida et al., '95]
@i~ (0 & (Gaa)i~ (0

° SUSY SU(5)+RN [Moroi, '00] & SO(1 0) [Chang, Masiero & Murayama, '02]

. 2 g ;
sing,,, ~ % = (0L1)28 ~ 1= (0%g)2s ~ 1
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BR(Bs—p*p~)

1077 1
: 0.8
0.6
1078
0.4
0.2
BR(r—u)>10-8 * BR(r—py)>10"8 *
BR(r—py)<1078 o BR(r—p)<1078 *
BR(r—p7)<1079 BR(r—py)<1079
1079 . J ! ]
-1 05 0 0.5 1 U 05

hierarchical v, and N

Paride Paradisi (CERN)
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[Buras, Nagai & P.P, '10]
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pton correlations in SU

BR(T— ) BRI
Lo u>0, tanB3=10 i (T=wy) u>0, tanB=10
10~
1077 10-7
108 10°¢
1079 107
Aap <1079 © A <107 -
Aay > 1079 . Aay > 1979 e
10710 ' 0 5

Sy 7 [

hierarchical v, and Ny [Buras, Nagai & PP, '10]
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Abelian vs. Non-abelian SUSY flavor models

Abelian vs. Non-abelian SUSY flavor models
¢ Non-abelian models predict ~ degenerate 1st & 2nd sfermion masses

» Suppressed contributions to 1 < 2 transitions
» Potentially large contributions to 2 < 3 transitions

¢ In abelian models, sfermions of different generations need not be degenerate

> Asingle U(1) & O(1) 1-2 mass splitting lead to (65-,)12 ~ O(})
» U(1) x U(1) allows alignement in the down sector (6“)12 ~ 0= (65)12 ~ O(N)
» Large effects in D°-D° mixing and neutron EDM

Chirality structure of flavour violating terms
o Different flavour symmetries lead to different patterns of flavour violation
LL LR
e Mass insertions: M = diag(i) + /i (6”‘ ggﬁ>
d

o gk, 5FR 5LR fixed by the flavour symmetry up to O(1) factors
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Representative flavour models

| Representative (non-) abelian flavour models (not just 4 examples...!) |

AC model U(1) AKM model SU(3) RVV model SU(3)  sLL model (Ss)?

[Agashe, Carone] [Antusch, King, Malinsky] [Ross, Velasco-S., Vives] [e.g. Hall, Murayama]

Large, O(1) RR Only CKM-like RR CKM-like LL & RR Only CKM-like LL
mass insertions mass insertions mass insertions mass insertions

.0 0 .00 PSP .A5 3
5CL1L ~ (0 . )\2) 5éL ~ (0 . 0) (5‘L1L ~ ()\3 . >\> 5¢L1L ~ )\5 . )\2
0 X2 . 0o o0 - A2 N . A2 .
-0 0 SN N8 D S\ .0 0
55F ~ (o ~ 1) 5§ ~ (A?’ : >\2> 557 ~ <,\3 : )\) 55R ~ (o ~ 0>
o 1 - DD R P N 0 0 -

Hp: CP is spontaneously broken in the flavor sector (i & Rattazzi 9]

Paride Paradisi (CERN) Rassegna teorica: decadimenti rari e charm IFAE 2012 25/50



RVV

05 10

10
g
A
0.4
0.2 0.2 0.2
I ] 0al | | ‘ | | ‘
091.0 =05 0.0 05 1.0 =1.0 -05 00 05 1.0 0i}l 0 -0.5 0.0 05 1.0
Sus Sus Sug

e Orange (Blue) points: UT tension solved through contribution to AMy/AMs (ex)
e Scanranges: mp < 2 TeV, M2 < 1TeV, |Ay| < 3mp, 5 <tanf < 55
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b — s transitions & SUSY flavor models

Pattern of NP effects in the JLL model:
¢ No large effects in Sy
e Large, correlated effects in Sykg, S;kg, Acp(b — 57) , (A7,8) and EDMs
o (A73g): T-odd CP asymmetries in B — K*¢*¢~

1.0 6 1.0,
08 4 08
06 06
2
L, 04 & . 04
¥ o <
S a =
ROV 8 <U “ o2
)
00 00
“02. —4r -02
- | | | | 6. | | JrY S B B! |
04 02 Zo1 00 o1 02 04 202 00 02 04 06 Y04 02 00 02 04 06 08 10
(A7) Sk, Seky

e Scanranges: mp < 2 TeV, My ,» < 1TeV, |Ay| < 3mp, 5 < tan g < 55,

[Altmannshofer et al., "09]
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Br(Bs — putu~) vs. Br(By — ptu™)

Abelian (AC) Non abelian (RVV)

2510~ 2x 107
= I’\ 9
\1 1% 1079 3 Ix10
+ *1
3
T@ 5x107'° Tﬁ 5x1071°
) =
~

m

M 2% 10710 2x107"°

1x1071 o =1 110710 5 STORINLSE

1X1072x1077 5x1071x1072x10° 5x10°%1x 107

11072 %107 5% 1071 x1072x 107 5x 10~ x 10~

BR(B,—u' 1) BR(Bs—u' i)

[Altmannshofer et al., "09]
Br(Bs — p* ™) /Br(By — pt ) = |Vis/ Vig|? in MFV models
[Hurth, Isidori, Kamenik & Mescia, '08]

IFAE 2012
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“DNA-Flavour Test”

| | ssus)  AC RVV2  AKM SLL  FBMSSM | |

Siks *kk Kkk oo *kk  hkk 7\
Ace (B — Xsv) *kk  hkk Superd
B — K&®up /
Ty *kk  hkk  kkk *kk  hkk

Do Do . &
A78(B— K*putu™) *kk  kkk vs.
Ay(B— K*ptu™) iy
Svo Yok kokk dokok ko %
Bs — ptpu~ Kk hkk  kkk  kkk  khkk  kkk

€K 28,89 *hkk  kokk

Kt — ntuvp

K, — v

[ ey Kk  hkk  kkk  kkk  khkk  kkk
w+N—e+N *hkk  hkk kkk kkk kkok Yk k

dn *kk hkk kkhkk kkk oo *k Kk

de *kk Kkk kkk oo *kk

(9-2), Kk  hkkk kkk 00 khkk  kkk

% %%, @@, n =Large, Moderate, NP effects [Atmannshofer, Buras, Gori, PP, and Straub, '09]
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Time-integrated CP asymmetries in D° — K+*K—(n+7 )

o Experiment: Aacp = ax+x- — @

Tt~

Aacp = —(0.82+0.21 £0.11) [Heo 1]
Aacp = —(0.65 =4 0.18) [LHCb 11, CDF 11, Belle 08 and BaBar '07]
0 (PO
ar= Ho"—1) I'(? — 1) , F=KTK ,ntn™
F(D° — f) + [(D° — f)
e Theory
SCS decay amplitude As(A¢) of D° (D°) to a CP eigenstate f

A = Al [1 + 1 e’(‘sf””)} ,
A = nopAl e [1 + ffei(a’_‘ﬁ’)}

Direct CPV < r; # 0,6 #0and ¢; # 0
= 12
gdir — Al - |Af|

= A |2 ’;\ ’2 = —2r;sin 6 sin ¢
f-+ |Af
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Time-integrated CP asymmetries in D° — K+*K—(n+7 )

o Effective Hamiltonian

~ Gr
Hipgt = —= Y _CiQ+he
|Ac|=1 i )
V2 4

08 = 4,7770 E’LO—I,LV TagSGIé“ICRa
Q& = = 2uF;aWT gsGh¥cL .
e Aacp: SM + NP
Nacp =~ Si; 266 [Im( & Vep)Im(AR®™) + > " Im(C")Im(ARY)

= —(0.13%)Im(AR™) - 9> "Im(C"") Im(AR™")
ARPM z as(mg)/m ~ 0.1 in perturbation theory and af* = —ad™ in the SU(3)

limit. In naive factorization

‘Im(ARNPB,é) ~0.2
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Aacp in SUSY

o Direct “12” transition

@ _ ﬁ”asfng (5412)LR _ 73
G’ = T Grme 2 g8(Xgq) , g8(1) = 36

o Effective 12" = “13” x “32” transition: quasi-degenerate squarks

B V2rasing (0%3),, (9%)1q (952) ar E "

(9) _ -
CS - Gch fhg (ng) ) F(1 ) - 360

o Effective “12” = “13” x “32" transition: split squark-families

_ V2rasiig (815) ., (95) 1a (932) am
Gch fhz

a3

Cg(;g) = 98(Xgq)

[G.F.Giudice, G.Isidori, & P.P,’12]
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Aacp in SUSY

e Aacp in SUSY

Im (8%) T
SUSY | . 0, ‘ ¢
(Aacp ‘NO.M( e ( = ) ,
o Disoriented A terms

Im(A) 612 m Im(A 0 TeV _
0 AR (540 (1) (90

o Split families: mg, , > mg,, (933) 5, = Ami/ Mg,
(5412);? = (6413)’:":, (6!513)51 (652)LL ) (5412)iﬁ = (5413)LL (6§3)HL (652),‘:”:; .

(6512)LL = O()‘z)v (5%13)RR = O()\z) — (5%’2)
(d18) ., = o), (032) g = O(N) - (672)

[G.F.Giudice, G.Isidori, & P.P, "12]
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e The D°-D° transition amplitude can be decomposed into a dispersive
(M;2) and an absorptive (I'12) component:

= i
(D°[Heg|D®) = MD— érf’2 .
o Physical parameters
M re M5,
2| 12|a _%23%, ¢12_arg<r1D2)’
e The 95% C.L. allowed ranges by HFAG are
x12 € [0.25,0.99]%,  yi2 €[0.59, 0.99] %, $12 € [-7.1°, 15.8°],

o Effective Hamiltonian

X2 =

HES? = zQM +H.c.

eff (1 T V)2 Z i +

Q8 = ticfupe) , Q8 =tUpcupel
QY = ugpelticy, Q& =Uugc’uch,
|z2| <1.6x 107",  |z3| <5.8x 1077,
|zs) <56 %1078,  |z|<1.6x1077,
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Aacp vs. D°-D° & ¢’ /e in SUSY

o | |
Tm (6%)73|\ /T
SUSY| __ A mo eV
|aags ‘No.eﬁ)( o ( = > ,
e D°-D° mixing
9~ _5xq0-10 ( IV 21 (0)m 1°
o 1x10-3 ’
2 (su u
@ ~ _ —10 (TeV\" (012),5 (912) A
2~ —2x 10 (ma) (1 x 10-3)2 °
o /e

€/e ~ (612).4 (‘%)F{L’Vﬁ/ ~ mEMiy, A%6Y,
(¢'/€)sm A5 m? m A
Values of (81,), 5 5, ~ 1072 leading to Aacp ~ 0.6% are well below the current
bounds from D° — D° mixing

NP contribution to €’ /¢ are generated through loops of charginos and
up-squarks, but they are suppressed by (01%),5 (052) 5, /A ~ m2/m* and
therefore they remains insignificant, even for (6%,),5 ~ 1072.
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Aacp in SUSY

e Disoriented A terms

q
(69)1p ~ Ag/% g=ud,
| [ oof [ o | of [ 05 |
g=d || <02 | <05 | <1 -
g=u || <0.2 - <03 | <1

[G.F.Giudice, G.Isidori, & P.P, '12]
o Down-quark FCNC (in particular ¢’ /e and b — sv) are under control thanks to
the smallness of Muown
o EDMs are suppressed by my 4 (yet they are quite enhanced)

e Up-quark FCNC (induced by gluino & up-squarks) and Down-quark FCNC like
K — mvv and Bs g — pu (induced by charginos & up-squarks) receive the
largest effects from disoriented A terms.
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Aacp in SUSY alignment models

¢ In SUSY alignment models it turns out that

e A
(8%1) i = (382) . (681), ~ Z5°

o (8%,),, ~ A arises from the SU(2) relation /> = V(¥ vt and the
assumption of non-degeneracy for different squark families

(ME)21 = (MED%)21 + A [(Mﬁ)z)zz - (Mﬁ)z)n] :

(651 ) LL ~ )‘ ’:hg )

o The bounds from D-D mixing imply | (65;),, | < 3 x 1072 for TeV squarks, and
(6%)AL =~ Amc /i < 10~ from vacuum stability.

e Therefore, in SUSY alignment models Aa3pSY is predicted to be well below the
central LHCb value.
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Aagp in SUSY with split squark families

e Aacp in the split family scenario

B 2V2rasing Im [(813),, (653) 7 (652) g
Grme fn(213

Adcp ~ 2 x ImCég) = 9s(Xgq)

e EDMs in the split family scenario

d asMg  _d,,dS
{;u, dﬁ} = —27:5753 £, (Xgq) Im [(613).L(033)r(031)mR]

e Aacp vs. the neutron EDM in the split family scenario

dh
3x 10-26

1073
Im (551);:;/:;
where (353)a. &~ A m/ M. A strong hierarchical structure in the off-diagonal

terms of the RR up-squark mass matrix is required. This happens for instance
models of alignment

Im (5gz)nFl
0.2

’Aa%gSY‘ ~2x107°% x

u My, /My, (951)RR my -2
Uy o N oMy
(05)rs | Vil (08)RR  Amc 0

[G.F.Giudice, G.Isidori, & P.P, "12]
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Formalism for By ¢ mixing amplitudes

e Theory:

M, = (M) g, Cs,6”%% AMy = 2|M3,| = (AM)suCs,  (g=d.s).
Suks = SiN(28 4+ 2p8,), Sy = sin(2|Bs| — 2¢8,) ,

SiN(28)iee = 0.775+£0.035,  sin(28s)iree = 0.038 £0.003  (CKM fit).

o Experiments:
Sy, = 0.676 £0.020, Si’;l’(fo) — _0.03+0.18.

e Aacp vs. Syk in SUSY with split squark families

5d )2 1 4 m2
9 q \SM 1 ( 3q LLF Fo~ — % 2w
M, ~ (M7,) [ + Vr% 0| » 0~ 3 g) 7R

IFAE 2012

Paride Paradisi (CERN) Rassegna teorica: decadimenti rari e charm



Aacp and SUSY

010 a0
o o
4 S
MTeVi= 05
wn.mya (125 4- 1) GeV 0.5 \
05 \ 5
N \ \
0% \ 15N
N\ \ A Wl
N\ \ h {
\ N1 \
\; Ny
0.6 \ \ \
AN N1 N\ \i5
\\ \ \is}
\/ ! \1 5 \ l
. N%:DN'S \\2 2
10
10 5 10'4 10 10 10'1 110 115 120 125 130 135 140
lIm(.35,5)] m, (GeV)

Left: 0.5 TeV < /M, iy < 2 TeV, tan 3 = 10, |A| < 3.
Right: [Tm[(6%)rr(0%;)w]| = 1072, M <2TeV,and A= 051,15 2.
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Aacp and SUSY

exp. OUan

/
10’3/ /10’2

|8, 1=.10

=.m = (125 4- 1) GeV

£
M
g
il
gy
W
i
SHE
3
2
i
\
\
-\

it 3 /
A
R 13
Eal )
¥
. ;- N omy= (125+-1)GeV
10 ! ! 10

10 -9 8 7 6 5 4 -3 2 10 -28 10 27 10 -26 10 -25 10 24

Ogq |d.| (e x cm)

Left: (63,)mm = 0.2 and ¢, € £(30°,60°), 1(68)ee| < 0.1.
Right: (6%).. = 1072, (6%)ar = 0.2i.
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Top and stop phenomenology

e The effective AC = 1 transition through stops opens up the possibility of
observing flavor violations in the up-quark sector at the LHC.

» Production processes: pp — t*Ii;, where U; = @1, &. The rate for single T
production in association with a single stop is proportional to (6,"3),2?,?, since the
mixings in the right-handed sector are larger then in the left sector.

» Flavor-violating stop decays
r—ex’) _ 1% (1 B m?>_2
r(f — tx0) B M)
where u; = u, ¢ and X0 is the lightest neutralino.
» Flavor-violating gluino decays
-t 1107
In models with split families, the gluino can decay only into § — i, bb. Once we
include flavor violation, the decay g — u;t is also allowed
» Flavor-violating top decays [De Divitiis, Petronzio, Silvestrini, '97]

o \2 myy 4 u 2
BR(t — gX) ~ (E) (msusy) 165,

where mgysy = max(mg, my) for X =+, 9, Z and msysy = mg for X = h. Even for
5gq ~ 1and msyusy Z 3mw, BR(t — qX) 5 10—6.
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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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Top FCNC

o Effective Lagrangian

e

5 d (9%LP. + 9%Pr) 0 tF

gs - L
+ 2;"(7 (QgiPL + g;’;PR) 0 TAHG* + @ (ggZPL + gﬁf?PH) tH+ h.c.

-t = % G (Q§ZPL + Q?RPR) tz" +

e Top FCNC decay widths

3 2\ 2 2
Mt—qZ) = 22 |gepTe (1-T2) (1422
(t—q2) 32c§V|g P~ s + m )
o
Mt—qy) = Z|gf’,’|2mt,
o
r(t—ag) = Zlo71°m,

r(t— qH)

e (4 MEY
327 mf ’

where |g¥/|* = (Ig%, [* + |g5a/%) with X = Z,v,g, h.
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New-physics scenarios with scalar-mediated FCNC

o Effective Lagrangian for FCNC scalar couplings to fermions

L0TNC = g, [(gf)ij P+ (9R)i PR} g h+ hc.,

V2 V2
(gf)i/' (/\L)// ) (Qg)i/‘ = MT()\E)” )
NP

M2y
e Direct CPV in charm

Im [()‘ )ui()‘ )Cf]

5x 102

2><10*4

4
‘AagPFONO’ 0.6% 0.6% (1 TeV)
MNP

e Neutron EDM

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

- —26
|| & 3 x 10 > 107

e Top FCNC
h)tq 2

10—

)

Br(t — gh) ~ 0.4 x 1072

Paride Paradisi (CERN) Rassegna teorica: decadimenti rari e charm IFAE 2012 45/50



Aacp in scenarios with Z- and scalar-mediated FCNC

exp. bound

nlp =

E - 3 2 A 5 -
10 10 10 10 10 10 10

BR (t — ¢2)

Left: BR(t — ¢Z) vs. AaZ,"“NC. Right: BR(t — ch) vs. AdL;"“NC. The plots have
been obtained by means of the scan: |(g{)u| > 1073, |(g%)et| > 1072, where

X = Z, h, with arg[(g{)ut] = +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,
assuming for the corresponding down-type coupling (9 )as = 5 x 1072(g{)ut.
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CPV in D-physics

CPVinD° — D’ ~ Tm((Veo Vi) /( Ves Vis)) ~ 102 in the SM

(D°[He|D°) = Mhp — 4T 12, |Dy o) = p|D°) + q|D°)

M—F

* =\ e 9=Ana/p)

® X = Lf_/’D =27Re [% (M12 — ér12):|

A [ (Mip — 7r12)]
Si=2AY, = & (rDoH, fDon)

o= (3] [&]) e (I3 -
f e q -y o

e

r(0° — Kt v)—r(D° — K~ ¢tv) _ |ql* - |p*
M(D° — K+—v) +T(D° — K—¢+v) — [q* + [p*

[Nir et al.,Kagan et al., Petrov et al., Bigi et al., Buras et al., ...]

asL =
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CPV in D-physics vs. ron EDM in SUSY

- 1= 107
= 10F . =
g g
Z z
= 1o 4 =
= =
Tl = e
=Ar=E =t rozoa —lo - o0 a5 Lo -1.0 -5 (] a5 1k
CF o
ne Sy in'% dst. s

F1G Correlations between don and Sy (left), da and ase (middle) and o=, and Sy (right) in SUSY alignment models, Gray
points satisly the constraints [8)-(10) while blue points further satisfy the constraing (11) from ¢, Dashed lines stand for the
allowed range (18) for Sy,

g i iy ug
— oM
l"sf]ﬂl
q a
ll‘s,':' b
RSP S, ¥ ORI
'rs ity r &t
{a) (B

FIG. 2: Examples of relevant Foynman diagrams contributing
() to D" = D" mixing and (b} to the up quark (CIEDM in
SUSY alignment models.
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Conclusions and future prospects

¢ The important questions in view of future experiments are:

v

What are the expected deviations from the SM predictions induced by TeV NP?

v

Which observables are not limited by theoretical uncertainties?

v

In which case we can expect a substantial improvement on the experimental side?

v

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

e Our (personal) answers are:

» 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 theoretical limitations are highly process dependent. Several channels involving
leptons in the final state, and selected time-dependent asymmetries, have a
theoretical errors well below the current experimental sensitivity.

» On the experimental side there are excellent prospects of improvements. One order
of magnitude improvements in several clean Bg 4, D, K, and 7 (LFU tests in 7»)
observables are possible within a few years. Improvements of several orders of
magnitudes are expected in LFV processes (u — ey, uTi — eTi) and EDM
experiments (dn, d7).
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Conclusions and future prospects

e There is no doubt that new low-energy flavor data will be complementary
with the high-pr part of the LHC program.

¢ The synergy of both data sets can teach us a lot about the new physics at
the TeV scale.

e CPV in charm and rare B-decays will play a special role
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