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History of SuFla

G. Isidors — NI : Flavour in the era of the LHC

Low-energy (LE) and Electroweak (EW) Constraints

Work started at the LEHC Flavour workshop (collaboration from Experimentalist & Theorist)
‘ S.Heinemeyer, G.L, P.Paradisi [TH], l

0. Buchmuller, R. Cavanaugh,... [EXP]
work documented in the Yellow Report

A first start: Combine LE and EW calculations in one common code.
MNew Ph}-’ﬁin'ﬁ Parameter Space: M55M

“Master Layer”
steers communication between the individual calculations/ codes

! x

“FeynHiggs” “Flavour Observables’] “other abservables”

eynrilgg Phys. Lett BE39:493-507 2006 e.q. cosmology constraints

calculation of the masaes and \adon & Paradis NOT yet imhded bul
R | [ mioa e

Bt obmnables in MSSM
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@ Main purpose of the code : evaluation of "selected” (clean &
sensitive) flavour-changing observables in the MSSM, both within
and beyond MFV.

o Languange : Fortran (F77)

© The program is NOT standalone, but is conceived to be linked to
other programs (spectrum calculators, etc...) as in the famous
"Mastercode” .

0 The SUSY inputs are generic soft mass terms at the TeV scale, with
squark mass matrices in the super CKM basis according to SLHA

o For the SM inputs see later... & Altmannshofer et al. '09

@ SUSY amplitudes taken into account : Higgs, gluino & chargino
loops, including the leading BLO effect stemming from susy-QCD
corrections & large tan 8 enhanced effects

o Main startegy : compute 'sysy 1sm/I'sm (Whenever possible). This
minimise non-perturbative uncertainites and dependence on SM
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Mastercode

Combining today's constraints

Common framework for indirect constraints

Consistency

S, P A0 A Relies on the SUSY Les Houches
Accord (SLHA)

Spectrum calculators
SoftSu: Sl -
| I T Modularity
Y Compare calculations
c=-p7 sia A o v
% B 1 Add/remove predictions
‘r: N, Predictars i
£ Higs sestor Gasmolagy State-of-the art calculations
2 FeynHiggs MicrOMEGAS .
& DarksusY Direct use of code from experts
Flavour Physics EWK Physica
Isicdovi et al. SUSYPoge
MErOMEGAS FeynHiggs
—
Legend
Modules

F.J. Ronga (ETHZ)
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Observables

| abservahble | experiment | SM prediction exp./5M
AMe | (5.202 2 0.009) x 10°* ps~* [81]
€5 (2.229 &+ 0.010) x 10~ [81] (191 £0.30) = 10~% | 1,17+ 0.18
AN, (0.507 £ 0.005) ps—* [1] (051 £0.13) pa=" | 0.99 £ 0.25
Suks 0.672 4 0.023 [1] 0.734 £ 0.038 0.92 + 0.06
AM, (17.77 £0.12) ps—* [82] (183+£5.1) ps~ | 0.97 £ 027
AMy/AM, (2.85 4 0.03) % 107* (2.85 £ 0.38) x 1072 | 1.00 £ 0.13

Table 1: Experimental values and SM predictions for AF = 2 ohservables, The SM predictions
are obtained nsing CKM parameters from the NP UTHt [83]. The last column shows the ratio
of the measured value and the SM prediction, signaling the room left for NP effects in the corre-
sponding observable. We do not give a SM prediction for AMy because of unknown long distance
contributions,

Altmannshofer et al. '09
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Observables

observable SM prediction exp. current exp. future

Sis = (1.036 [81] 0.817032 [1] =~ (L02 [191]

ok sin 23+ (L02 £ (0.01 [2] | 0.44 £ 0.17 [1] (2 —3)% [192]
Sk sin 23+ 0.01 £ 0.01 [2] | 0.59 £ 0.07 [1] (1 - 2% [192]
Aepll — s%) (—0.4470: ',’} Y% (193] (—0.44+3.6)% [1] (0.4 —0.5)% [192]
(A7) (341541072 [138]

(Ag) (—2.6154)10-% [138]

{Agh (01551107 [138]

|| (eem)

ify| (€cm)

=~ 1079 [104]
=~ 107* [194]

< 1.6 x 10~%7 [195]
<29 % 107 [196]

2

12

1074 [104]
1075 [194]

BR(B, — utp~)
BR(By — ptp)
BR(B — X.v)
BR(EB — X077
BR(EB — v}

(3.60 £ 0.37)10-"
{LOS £ 0.11)10-0
(3.15 = 0.23)107* [198]
(159 + 0.11)107" [199]
(1.10 £ 0.20)10-*

<58 x 10-% [144]
< 1.8 % 107% [144)
(3.52 + 0.25)10°* [1]

(1.59 & 0.49)107" (200, 201]

(L.73 & 0.35)10-1 [112]

12

L0-" [197]

Table 6:

SM predictions and current/expected experimental sensitivities for the observables most

relevant for our a.lml]'.u.ls. The branching ratio of 3 — X 0747 refers to the low dilepton invariant

€ [1.6] GeV2, For the SM prediction of BR(B — 1), see also (3.54): BR(B —
—d

mass llj-."lull f,’lr l'
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SM input parameters

parameter value parameter value

B 0.724 + 0.008 + 0.028 [89] || me(me) | (163.5 4 L.7) GeV [98, 99]
Fe. (245 + 25) MeV [100] mm.) | (1.279 4 0.013) GeV [101]
Fg (200 + 20) MeV [100] e 1.44 4 0.35 (85, 102]

Fi (156.1 & 0.8) MeV [103] || nee 0.57 + 0.01 [84]

By, 1.22 4 0.12 [100] et 0.47 £ 0.05 [86, 87, 102]
Bg, 1.22 4 0.12 [100] s 0.55 = .01 [84, 104]
Fov/Bg, | (270 % 30) MeV [100] A 0.2258 + 0.0014 [8]
Fgv/Bgy | (225 + 25) MeV [100] A 0.808 £ 0.014 [§]

£ 1.21 4 0.04 [100] 0 0.177 + 0.044 [8]

Vi (4124+1.1)%10-% 81] | 7 0.360 £ 0.031 []
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Table 3: Input parameters used in the munerical analysis.
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Superlso

Calculation of flavor physics observables

Nazila Mahmoudi

Laboratoire de Physique Corpusculaire
Clermont-Ferrand, France

CERN, 17 March 2009

Mazila Mahmoudi
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How does it work?

AMSE GMSB NUHM J
Garametem G:arameters] [parameters

[mSUGRA)
parameters

£ User

£ User 1
\provided |

C-structure
Parameters

MNazila Mahmoud:

Interplay of Collider and Flavour Physics, 3rd general i 8 Y Flavour Code



Observables

G. Istdori = Interplay of Collider and Flavour Physics

W General considerations on the (quark) flavour observables

Two main roads

MFV non -MFV
’/ \ @ Long list of useful observables (B and
Small tanp Large tanp K physics: leptonic, radiative & non-
| and small | [or moderate tanfi + large leptonic channels)
3 The absence of significant deviations
@ Most ol the (present) @ A lew more helicity from the SM in any of these, makes
favour constraints suppressed obsery. generic non-MEV scenarios highly
naturally satisfied play a key role: contrived / fina-taned
alter imposing B—ll, B(K)—lv o
; @ In several realistic cases (MFV-GUT
BWED a LR AF=2 ops. in B(K : :
=2 ops. in B(K} scenarios, new couplings only for the
@ Only notable mixing might also be 3" family, ete... ) the most significant
exception provided relevant in specific constraints are derived from Kaon
by B—Xay corners of the param. physics (A7 suppression in the SM,

space} because of 1es3es2).
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Observables

FLAVOUR COUPLING

, i
b —s [-AinsM] | b o d[-A'inSM] |s = d [-4 inSM] !

AM AM
AF=2 hox 5o - fx
A (B =yl gy Ac(B—UK), £,
| Al Il Ap(B —8K) ALuB —0K)
-(uirk ops.
aluon Ap(B 0K}

[T, Al (B —=piny) (K, 7Ty
penguin [T, AL (B =Xy cF Py L=

[T AL, (B 53X ) | [T, AT, I(B —pixy)

ELECTROWEAK STRUCTURE

T : W gL = = S o
DCH'_;'.ULH. | 152 ﬂrt'[l]‘B _’)\.rfll T, Al (-[.]':B—}p.'l'[ rey I‘KI—)IEI.IJF_}
ABX I A (B—pinlT)
[T, AT 1B =X, r [CAT LB —pin i) | DK —rtvy)
Z" penguin A(B =X 1T Apg(B—=pim i) (K, —r"w)
I'(B —pp) (B, —pup) (K, —a"T)
H" penguin | I'(B,—pp) T(B,—uu)
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Observables

G Asidori — Interplay of Collider and Flavowr Physics

*The flavour constrainis at large tanf

Three most interesting sets of observables:

b
bis)g > < br HY, A < br A7 sL
disip \M'_'F/

Pt— |ty B,— 'l B— X, Y

v

Simplest My & tanp dependence [mild dependence on other parameters]

BR=BR 1 _m” : 2 0(100%)-0(10%) in B~ — v
b = MHZU ¥, tanf) [most likely BRgoy < BRg,, 1

20O(1%)-O0(0.1%) in Kf— 1ty

Q- Han, Wy Arkeroid, Reckiiegel T3 [necessarily BRy ., < BR,,, |

G.1 Paradisi 16
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Observables

G dsidori - Interplay of Collider and Flavour Physics

*The flavour constraints af large tanfl

Three most interesting sets of observables:

i
hisig > H* < b HY, A < b SL
U v dish i \“\_J’)—
Py Ity B,— I'r B—Xv

Crucial dependence on [t and Ay [ addinon to My & tanfj]

L Ay 5
A@=i - ZeE2U g
M2 M

Possible large enhancement over the SM
but size (and magnitude) of the effect can change
substantially in different SUSY-breaking scenarios
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Observables

G Asidori — Interplay of Collider and Flavowr Physics

*The flavour constrainis at large tanf

Three most interesting sets of observables:

Y
"'*'I<> H* < l"*> HO A® < bp £ sL
{ —
g ¥ disi ; \“‘—u——’/

P*— [y B,— 'l B—X,Y

Most complicated observable with several,

naturally competitive, contributions:
One of the most significant constraint

; % a of the MSSM (even at small tan[})

: i{ * )
R i B(B —X y)o0 = (3.55 £ 0.26) 10~
B, B Fa [HEAG '06]
* positive * sign - sgnipLA) B(B —X )M = (3.15 £ 0.23) 10+

* decreasing with tanf  * increasing with tanp [ Misiak et al, ‘06]
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Mastercode

G. Isidori = NP benchmiarks tn flavoer physics Flavour in the ara of fhe LHC

Interpretation & Consistency

o z LE&EW: low-energy (LE) and EW constraints
§ = g " — LE&EW + syuark candidate
5 =) m— | E&EW + squark cand. + H/f A cand,
i o ;
a0
Rl ] k- E ] an 1-?!5{1 08 00 -sd0 200 5 -
tampl A1) Including LW&EW constraints
- s facilitates the determination of
iwm h iw & fundamental MSSM parameters
= =
=l
0 = m R '.‘
4060 AN B30 -a00 3N e ane = g = THC anby=" squark + Hf A +light h cand.
AGew) I R ::
= A “LHC only”
E = am 350 S
g = g e + LEGEW,
1 < 1
600 328
G Rl e
e L e B w—g 7] ) an an ] El
M, 1GEV) M 1GEY) Exampl e: Almost no mformation on o g
without external constraints, Mote that a direct
. measurement of tanfl & very difficult at the LHC
Mlustrative Example
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Mastercode

G dsidori — Interplay of Collider and Flavouwr Physics

Multi-parameter y* fit

fitting for all CMSSM parameters: Mg, M2, Ao, tan 3;
including relevant SM uncertainties (e.g. M),

= 500
S umb  anXiv:0707.3447 [hep-ph]
:_;? 00 Buchmulleér et al,

overall preferred minimum at
low tan 4. low squark mass;

less preferred region at high
tan 3. higher squark mass;

consistent with previous studies.

Key role played by
(22, Qepy &B =X, Y

Interplay of Collider and Flavour Physics, 3rd general i
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Mastercode
G. Isidori — MFV vs NMFV
IIl. Rare B decays

Present status:
B(B, — up)<4.8 <108 (95%CL)

B(B, = up) <7.6 x 107 (95%CL)
[CDF '09]

Constrained - MSSM

5

Buchmuller et al.
arXiv: (1907.5568 [hep-ph]

BR(B —up)

tan)

Reaching the SM level would lead to a very significant constraint in the (C)MSSM
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BR(B_—up)
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Collider - Flavour Interplay, CERN, Dec. 2009

B(B, = M), =3.2(2) x 10°
B(B{I =% I“l'!"l)sm = ] 0( 1 ) x l[]-“]

Constrained - MSSM with
non-universal Higgs masses (NUHM)

tanf}




Flavor blind MSSM ~ MFV + CPV

m eo:l 109

ia [Ge\l‘;

|l [eem ] 5515

e

510

» CP violating &/ ) and AF | dipole
amplitudes can be strongly modified

> S"”‘s and S, ) K can 5|multaneuusly be
brought in : 2nt wit

the data

» sizeable and correlated effects in

r bouncs on the electron and nemran

» 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 8., Sy, and ex

» inparticular: 0,03 < S, < 0.05

EDMs at the level of . 10 eer

» large and correlated effects in the CP
asymmetries in 8 — K" p"p~
(WA, Ball, Bharucha, Buras, Straub, Wick)

A combined study of all these observables and
their correlations constitutes a
verful test of the FEMSSM

Fla: A New SUSY Flavo
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Beyond MFV

» Soft squark masses and
trilinear couplings can contain
additional flavor structures
beyond the CKM matrix.

> Such structures lead to

flavar off-diagonal entries in
the squark masses.

Convenient parametrization through mass insertions

ME = Pt + i

6“’ rS]'_Fl
502( R g‘ﬁ) . g=ud
g~ dg

Complex mass insertions lead to
flavor and CP violating
gluino-quark-squark interactions
that will generate the dominant
contributions to FCNCs

The largest gluino contributions to
the mixing amplitudes are generated
if both LL and RR mass insertions
are present simultaneously

bs @ g El
Bav Mg -1 ﬂf2
! ! = s } (ER)
>F )F‘ a2 a2
81wy B
SR Q' Q bL
by Sp
b B an 0l
- pon 2 ag My 4,
sf Bt Ny e
B by -- i bn g d
LY
ait R, x(85 )a2(8 5 a2
5 by
st by
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Flavour Models

Example: Agashe, Carone '02 (AC) Example: Ross, Velasco-Sevilla, Vives '04 (RVV)
» Abelian flavor model based on a U(1) » Non abelian flavor model based on a
horizontal symmetry SU(3) flavor symmetry
» ‘remarkable level of alignment” » : ks

o~ ( )

)
t)
oe(311)

Expected phenomenology:

» Small effectsinb — dands — d
transitions

r\S )2
¥ O 3

a8 A
G S

)
)
P \3\
/

——— T

Expected phenomenology:

» Moderate effects inb — dands — d
transitions (large effects in e )
> -

L mixing [ T n =
p Small effe Dg-L 1ixin
{ganeral feature of abellan models}
» Large effects in Bs-Bs mixing » Sizeable effects in Bs-B; mixing
(in particular in 5, for complex ds) (in particular in 5. . for complex ds)
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Phenomenology of Flavour Models

Abelian (AC) Non abelian (RVV)
10 2x 1077
+‘3. I 10® 4‘5{' 1%107
1 3
T sxio Lsxiorn
5 S
= a4
= B o
- 2% 10
11077 ) Lx10710
%102 107 5x10-1x102x 10~ 5x10°9x 107 1X1072x107 510109 x 10 5x1071x1077
BR(B,—pu" 1)

BR(B—u 1)

Altmannshofer et al. '09
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Phenomenology of Flavour Models

Abelian (AC) Non abelian (RVV)

T
3. 2x10°
4
3.
T 1x107®
"
)
o
jas
- —
Ix107975 ~03 0.0 05 10 1x107775 “0s 00 03 10
Syp Sye

Altmannshofer et al. '09
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“DNA-Flavour Test”

| | GmssM AC RVV2  AKM SLL  FBMSSM | |

Sk, *kk  hkk o0 *k Kk S 8 4 7\
Acp (B — Xsv) ok ok ok ok

B — K'*lup 'Y S&HLB
T — gy dkdk  kkk  dkokok 2.8 1 LS 83

D° — p° *hkk  hkk 2]
Ara(B— K'ptp™) | *kk *k ok %k vs.
Ag(B—K“.u"'p_} * ok m
s hkk kkk  kkk  kkk %
Bs — ptp~ hkk  hkkk kkk hkk hkk * Kk Kk

€x *hk *ohkk  hkk

Kt — antup * ok

K, — =D Jook K

nw— 8y hhkhk Ak hk  khkk  Ahkk  hkk ook
p+N-—et+tN ke *hkk  hhkk  hkk  kkk * %k

dn * ko khkk  hhkk hkk o0 ok

do dkk  Akk  hkk 0o kK

(g-2), dkdk  kkok  dkokk o0 kK ok

Altmannshofer et al. '09
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Isidori’s view

G. Isidori = Flavour Physics now qnd 1 e LHC era LF 2007

P Flavour physics in the LHC era

LHC [high pr)
Flavour physics
A unique effort toward the
high-energy frontier Improved
gh gy CKM fits  Rare B decays
CPV in the Bs LFVinp &1
systcm decays
Universality tests
nB&K LDMS
Rare K 2
g
decays oo S e

[to determine the energy scale of NP]
A collective effort toward the
high-intensity frontier
[to determine the flavour structure of NP]
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Murayama’s view

Ovp outreach

fy proton decay
hadron :
politics %

LHC

¥

Higgs

reactor v




Masiero’s view

DM - FLAVOR LHC
A MAJOR
for DISCOVERY LEAP AHEAD
and/or FUND.TH.  / IS NEEDED
RECONSTRUCTION/ / NEW "
4 [PHYSICSAT|
THE ELW
y . SCALE

DARK. |ATTER LOW £ ERGY"

PRECIS!C L PHYSICS
s i P FCNC, CP #, (g-2), (BB)y,
LINKED TO COSMOLOGICAL EVOLUTION

— " Possible interplay with dynamical DE
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