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INTRODUCTION

* Most of the discoveries of the past 45 years
anticipated by arguments or indirect
evidence:

- Toffe&Shabalin, GIM: NP (charm) @ GeV

- Unitarization of Fermi theory: NP at 102
GeV

- KM: 3" generation
- Flavour, EW fit: m ~170 GeV

- EW fit: m_=100:30 GeV



INTRODUCTION II

* Now we are left with arguments only:

- Hierarchy problem: NP close to EW scale
- WIMP miracle: NP close to EW scale

- gauge coupling unification: NP (SUSY) close
to EW scale

* In parallel with increasing the energy probed
by direct search, seek for indirect evidencel



How much “"natural” is Nature?

Direct &
indirect
searches

Indirect
searches

illustration by G. Villadoro

Courtesy of Marco Ciuchini
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ROLE OF FLAVOUR

* In the framework of future experimental
developments, Flavour physics should:

* Guarantee that the flavour structure of any
directly discovered NP can be efficiently
probed, and/or

* Push the NP scale that can be indirectly
probed up by (at least) one order of
magnitude
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* A generic FCNC amplifude has the form

w F ckm F e
Ayt App= K5M4n IVI +KNPL A2

where L is a possible loop factor, F, denotes
O(1) #'s.

the NP flavour coupling and K

SM NP

* For any directly observed NP, we know A and
L and can extract F,

» Assuming a value for L>a, /4n and F>F_,,

we canh extract the NP scale A

e Need to improve A & Ag w (Where present)
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NP analysis results
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NP parameter results
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NP
NP parameter results A =| 1480 Q2ilar-ad| psm g2ie3
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q
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dark: 68%
light: 95%
SM: red cross
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NP ; o SM NP ;o SM
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The ratio of NP/SM amplitudes is:
< 25% @68% prob. (420/0 @950/0) In Bd mixing
< 17% @68% prob. (25% @95%) in B, mixing
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PRESENT BOUNDS ON NP

Best bound from ¢,
dominated by CKM error

Bounds from AF=2 processes
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* CPV in charm mixing
follows, exp error dominant

NP scale A (TeV)
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« B, and B,_ behind, error

from both CKM and B-
AF=2 processes scale as 1/A? params
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INTERPRETING THE BOUNDS

* generic case (no loop, no flavour suppression,
all chiral structures): A>4.2 10°> TeV

* Extra-Dim case (no loop suppression, CKM
suppression, all chiral structures): A>96 TeV

* MFV case (no loop suppression, CKM
suppression, only left-handed): A>9 TeV

* weakly-interacting MFV case (EW loop &
CKM suppression, left-handed): A>300 GeV
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COMPLEMENTARITY WITH
DIRECT SEARCHES

1[]'[’1'[] — — T -
° The Weakly |n1'er'ac1'|n9 (% 900 ATLAS Simulation F F’re-’:mma.-'}r{ . E
= s=14 TeV 0O nd) % O el
MFV case provides a lower & e
. . ATLAS B TeV (0-lepton): 95% CL uhs: ::m:E
bound on NP contribution fo e N
5000 and 1-lepton combined EPCL "

-----

flavour observables (worst-
case scenario)
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BALLISTIC FUTURE

* Belle IT and LHCb upgrade will improve
present precision/sensitivity in B, D and t
PhYSiCS bY a fGCTOI" Of 3_10 De Nardo, Lanfranchi

* NA62 will provide a 10% measurement of
BR(K*—=7*vv), KOTO should observe K —»nvv

Ceccucci
* MEG-IT and MuZ2e will improve the
sensitivity on u—ey to 6 10 and on n—e
conversion to 6-7 107 Signorelli
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Experiment: Moderately precise
F I GVOUf' GO l den MOdeS Theory: Moderately clean _
©A. Stocchi

Observable /mode Current LHCDb (2017 Belle II (2022) LHCD upgrade | Theory
Luminosity ~lab™! 5fh~! 50 ab™! 50fh~! )

 Decays based on arXiv:1109.5028
8 o |
T — ey

B, 4 Decays
B — 1v, pv
B — KWtyp
Sin B — K2n%
S (other penguin modes)
ACP (B - Xs'-}')
BR(B — X,7v)
BR(B — X,II)
BR(B — K™"II)

B, Decays
By — pp
Og from B, — Jfip¢
B, — vy
s

D Decays
Mixing parameters

CP Violation

very precise with improved detector

statistically limited

right handed currents

Belle I measures many more modes
systematic error is main challenge
control systematic error with data

Belle Il measures e mode well, LHCb does u

. Cbeervable/mode  Current LHCb {2017) SuperXt (2022) LHCbH upgrade Theory
COmPGr'ISOn Of liithnceity ~ 1 fh! 5 b 75ab~ A bt
% LHCb can only use pn
f b — ot
presen.r Gnd fUTure ,r_;drimeﬂmﬂms B theory error Bd

flavour experiments
on “golden modes”
(an incomplete list)

Marco Ciuchini

B, — Jhp K
o

[Ver| inclusive
|Vos| exeluaive
| inclusive
Vi inclusi
| exclusive
|Vep| exel

B theory error Bs

need an e+e—
environment to do a
precision measurement
using semi-leptonic B
decays.

Courtesy of M. Ciuchini
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Precision flavour physics & theory uncertainties

o B(J/vy K), ¥(DK), ornm)*, NP insensitive or null
no theory lepton FV and UV, tests of the SM or SM

improvements CPV in B-X..4y, T decays already known with the
needed zero of FB asymmetry B—->X.I'I required accuracy

improved  [meson mixing, B=D(*)lv, B-n(p)lv] target error: ~1-2%
lattice QCD B—K*y, B—py, B-lv, Bi—uu Feasible

target error: ~1-2%

improved Possibly feasible with
B-X,.Iv, (B—=X,
OPE+HQE AV { M large samples.
Detailed studies required

improved target error: ~2-3%
QCDF/SCET S from TD A large and hard to improve

or flavour inb = s fransitions uncer’r.am’rles oh small
i +
symmetries corrections. FS+data can

bound the th. error
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Therefore, my tentative (INACCURATE!) estimates are:

Hadronic L.Lellouch FLAG 2013 2025
parameter ICHEP 2002 [1310.8555] | [What Next]
[hep-ph/0211359]

Fo©)  forletie joan) [0.1%
[0.9%]

B, [17%] [1.3%] [0.1-0.5%]

for [13%] [2%] [0.5%]
fo/fs [6%] [1.8%] [0.5%]

By, [9%] [5%] [0.5-1%]
By./B, [3%] [10%]  [0.5-1%]
Foe(1) [3%] [1.8%] [0.5%] Sl

Bon [20%] [10%] rs1%] EiDeticiin

More unpredictable but more surprising progresses can occur for the observables

that today are very difficult (or infeasible): K -nvV,K— = I* |-, K— =&, Am
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1= (Vi) ~2.2% -1 SM fit /)
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errors from tree-only fit on p and n: errors from 5-constraint fit on p and n:
c(p) = 0.008 [currently 0.051] c(p) = 0.005 [currently 0.034]
co(n) = 0.010 [eurrently 0.050] co(n) = 0.004 [currently 0.015]
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Q : e F
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o(Caq) = 0.03 [currently 0.16] o(CB.s) = 0.03 [currently 0.08]
o(dBd) = 0.7 [currently 3.2] o(oBs) = 0.6 [currently 2.0]
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CHARM CPV EXTRAPOLATED

« SM contribution to ¢,,,, negligible, while one
O(1°) due to LD penguins

Zupan

could envisage ¢_.,

* Present fit:
- 0,,, = [-4,12]° @ 95% prob., no reach on ¢
- A>3.5 104 TeV
* LHCb upgrade / Belle IT:
- 80, =+ 1°and &¢_,= + 2° @ 95% prob.
- A>10° TeV
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EXTREME FLAVOUR

* A very interesting possibility has been put
forward: collect 100x the LHCb upgrade
luminosity

* A detailed study of the impact of such
possibility should be carried out to assess its
full physics potential.

e T'II |

ust briefly flash a few items to make

you interested

Pisa, 10/12/14
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ASSESSING THE IMPACT OF
EXTREME FLAVOUR

* Determine expected exp and th
uncertainties on the widest spectrum of

observables

* Extrapolate accuracy in CKM determination
in the presence of NP

 Assess the NP reach in all sectors and
various scenarios

Pisa, 10/12/14 L. Silvestrini
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EXTREME UTA INPUT

Parameter Error comments
as(Mz) 21074
My 250 MeV theory limited
my 10 MeV x 3 better
Vis 1-1074 x 10 better
Ve 1% Belle II
Vb 1% extreme baryons + By
€K 0.4% includes a 5% error on long distance + dim. 8
B, x 10 better
F}g_S 1 MeV
Fgp /Fp, 0.5%
Bp. 6%
Bg. /Bp, 0.5%
AMy 0.06%
AM, 0.01%
sin 23 0.06% th. error from By — J/ym"
y 0.09°
¢B, 0.0004° th. error to be investigated

Pisa, 10/12/14 L. Silvestrini



EXTREME UTA (PRELIMINARY)

Parameter SM fit error NP fit error
now  extreme | now  extreme
0 16% 0.4% 26% 1.5%
n 4% 0.1% 13% 1.4%
Im\, 2.8% 0.8% 13% 1.4%
Re\; 2.9% 0.8% 7.4% 2.1%
Via/Vis| 2.3%  0.09% 5% 0.15%
Ce — — 0.16 0.034
Cp, — — 0.16 0.029
OB, — — 3.2° 0.41°
Cp. — — 0.08 0.028
OB. — — 2.0° 0.023°

Pisa, 10/12/14
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EXTREME BEYOND UTA

* D mixing, scaling LHCb upgrade estimates
for K.tmandy,,, A_

- 8¢,,, = +0.1°and 8¢, = + 0.2° @ 95% prob.
- A>3 10° TeV, close to the bound from ¢,
« BR(B, —» unw)/BR(B, —» uu) @ ~4%, with

much smaller theoretical uncertainty: very
powerful probe of MFV

F12 =

Pisa, 10/12/14 L. Silvestrini
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CONCLUSIONS

* In a global strategy for NP searches,
improving the accuracy on FCNC and CPV
processes has a key role to ensure that:

- we are able to determine the flavour
structure of any NP directly seen, and
hopefully understand its origin; roughly 3x
in M, < 10x inexp & th & 100x in L

- we increase the sensitivity of indirect
searches (flavour has the lead in this field)
and maybe detect an indirect NP signal

Pisa, 10/12/14 L. Silvestrini 25



CONCLUSIONS ITI

* Impact of “ballistic” flavour program studied
in detail, expected improvements will keep
indirect searches in sync with direct ones

* First steps to assess the impact of an
extreme flavour experiment in progress:
- extrapolation of lattice errors (done)
- prelim. estimate of exp. reach (in progress)

- projection of UTA (in progress)

- projection of NP sensitivities in all sectors

Pisa, 10/12/14
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I follow Vittorio Lubicz's

Appendix in the SuperB CDR (2007 -> 2015)
(and Stephen Sharp's talk at Lattice QCD: Present and Future (Orsay, 2004))

Values of the simulation parameters (N, a, m;, L)
to achieve a certain accuracy (1%, 0.5%, 0.1%)

!

Computational cost of the corresponding simulation |

|

Comparison to the expected future computational power

C. Tarantino @ LTS1 Elba 2014



History (and prediction) of the computational power
from Moore's Law (1965):
The number of transistors on integrated circuits doubles approximately every two years
(thanks to miniaturization)

L= Performance improvement of O(103) every 10 years

PERFORMANCE DEVELOPMENT PROECTED 100-500 Pflop/s

Eflay — e -
i | - ot  —— e T
160 Flopss o Y 225 +... [ 1
10 Pflops's . ® = _'—'-':"_F._ i - 1
- e " P e -— _/'.‘_‘_'-" I
=~ B B B BB EBEREBEBBERELES L B - L __._,_...a--"'"d__ :
140 Toprs . & * L] - - aN;q - & = 1 T —~ :
W0 THops's W L 1 LEE s :
1 THops's m | B ] :
100 Flops's [ ] I
0 Flopss :
e :
g==! £ kE] e = 58 25! (| a2 o e 1] e ] Jroa]ec] e [ =] L] g ] roa) Fr.) !

2025

Lattice collaborations typically have at hand per year
a computational power similar to the 500° most powerful computer
(0.1-0.5 Pflops-years in 2014 — 100-500 Pflops-years in 2025)

C. Tarantino @ LTS1 Elba 2014



Computational cost of a Lattice Simulation as a function of the parameter values
(e.g. Wilson-like fermions, N:=2)

0.03 —0.1 [Ns=2+1]
—0.05 [O(a)-improved]
—0.3-1.0 [Ginsparg-Wilson]

x3 of overhead (less expensive simulations
to perform continuum extrapolation...)

(We will see if a more detailed study of recent
simulations provides a more optimistic estimate)

C. Tarantino @ LTS1 Elba 2014
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a

Del Debbio, Giusti, Luscher, Petronzio, Tantalo, hep-lat/0610059
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0.5

the light (u/d) mps/my
quark mass

The wall fall (1/m2 — 1/m)) is an important example of how unpredictable
(theoretical and algorithmic) developments can have a significant impact




EXP INPUT FOR CHARM MIXING

* LHCb upgrade:

- 8x=1.5 10*, 8y=10"*, 5|q/p|=102, 5¢=3° (from
K nm); 8y ,=0A =4 10-° (from K*K’)

* extreme (LHCb upgrade lumi x 100):

- 8x=1.5 10-®, 8y=10%, 5|q/p|=10-3, 6¢=.3° (from
K.nm); 8y ,=0A =4 10-¢ (from K*K’)
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