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Theoretical background and motivation

Bs — ¢¢ is a pure penguin decay
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In the Naive Factorization (NF) Scheme (i.e. with top-dominance in mixing and decay)

A(Bs = ¢pp) « Vi, Vis|M]| ) } )
c/CI(BS - BS) X c/q(BS - ¢¢) X (thVtS) VtSthlMl |/1NF| =1
NF _
CKM —

= Very good for probing BSM Physics

In order to search for BSM physics, one need to evaluate the effect of charmed and up penguins

But to which extend can we rely on NF scheme (in particular with penguin modes) ?




Theoretical Issues (1/2)

PDG NF
In fact we cannot rely on NF: _

_ f, =T, /T |0.378£0.013 | CP (n=+1) |~ 0.92
O is a \{ector.-Vector decay —> f =T /T | 033020016 |CP(n=r1) |~ 0.04
= polarized final states = | — '

fL =T, /T | 0.292+0.009 |CP(n=-1)|~ 0.04
A, = A[B - V1 (0)V2(0)]
Ay =A[B - Vi (2)V2 ()]

A=+ (A4 +A) 2
SR A Due to V-A, AL:A_:A+=1:AQCD:(AQCD) =) fi~ i< fy
AJ_ — ﬁ (A_|_ _A_) mp mp

But very off for f;
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Theoretical Issues (2/2)

Instead we use the QCD Factorization scheme which takes proper account of penguins

More complete treatment of penguins, in particular for the Weak

annihilation processes with helicity dependent corrections
includes NLO vertex Hard scattering, penguins corrections ..

Coefficients a (combmatlon of Wilson coeff. C;) depend on the

helicity '

PDG QCDF

f, =T, /T | 0.378+0.013 |CP(n=+1)| ~ 0.370
fi =T;/T 0.330 4+ 0.016 | CP (m=+1)| ~ 0.315
f, =T, /T | 029240009 |CP(n=-1)|~ 0.315
Br (1.87 + 0.15)107° 2.1107°

> L,QCDF ~ —(05°
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‘ LQCDF‘ ~ 101

¢P

‘/1" QCDF‘ _ ‘AJ_ QCDF| ~ 1.004
¢|| ,QCDF _ ¢J_ QCDF _ 1 g5

CKM phases depend on polarization but all remain very small




Acceptance :

Track pp resolution :
Track ¢, @ resolution :
Vertex resolution :
Vertex resolution :

Calorimeter resolution :

entries 319460 €t e 7B pp2K* K K+ K~

Detector response Is param
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O'(dgii'ght) nm ~20.

see https://arxiv.org/abs/2107.02002

Essentially no combinatorial background
if excellent PID (see LHCb) else good PID

+ excellent momemtum resolution
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https://arxiv.org/abs/2107.02002

Time dependent analysis

['(B, — ¢¢) = | < ¢d| B, > |* x e "*{cosh %@(1 — 2w) A%, cos Amit

AT

+ Aarsinh ?@(1 — 2w) ALY sin Amt}

AT

['(By — ¢¢) = | < ¢¢| B > |* x e "*{cosh ?®(1 — 2w) A%Y, cos Amit

mix

+ Aarsinh %(1 — 2w)

op sin Amt}

w = wrong tagging = 0.25

LHCb
6%

LEP BaBar

€(1 —2w)? |25-30%  30%

Can be obtained very precisely
from B, - Dgm* see

https://arxiv.org/abs/2107.02002

4{1’-1'-1* 1— | )\f |2 miz QIm)\f A B QRE/"\f -
AP 1+|)\f |2 cp — 1+|}\f |2'.' AT 1+|’}‘f |g |6Sw2§tﬂt=14><10 I
A(B; — 00, k) B (k) mix eff .
\F) 9 5 PR AR | iy, ~ —n_ . sing
8=(3), Am ey e T Teg TP

If no angular analysis
reduced sensitivity since

nga =1—2f ~ 0416

If angular analysis (tbd)
the sensitivity is improved by
factor ~2
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Study of CP violation with B, > ¢¢p > K"K " KT K~  |Age| = 1.
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Angular analysis

(singgg) = 4.5 x 1073 rad
~ 0.25° (stat.)

6(¢FCC
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Study of CP violation with B, > ¢p¢p > K"K " K*K~

simulation generated with 444 = 1 and ¢4 = 0.05rad ‘
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Bounds on New Physics

New Physics is included in the Mixing with complex parameter A, (SM = A, = (1,0))

My = MMAA, = MM (Re Ag +dilm A) = MM | A, | %
0.8
/’texp — AQCDF A_?; 0.6 - : EITCb error
ol N A . Bl FCC error
N ImA 0.4 -
exp QCDF _ , A _ maAg
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S
004 | .
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Assuming FCC measures the ““'5'
same central value as LHCb ~0.8




Considerations on detectors requirements p. . . Boors scaling

\/N : increase statistics

| 1
> Increase Instant. Lumi Poo Nos(1 — 20)V/N
> Increase [ Ldt = 4 IP, more time @Z-pole a 1
» Increase acceptance and recons. Efficiency |}‘¢¢=| (1— Qw)\/ﬁ
e Large tracking volume with many meas. points 1
= SVD + gaseous tracking detector Al " \/ﬁ
» Excellent momentum resolution 64
* Very good point resolution but even more important 77(]5(]5 - disenta ng“ng the polarizations
* Very low material budget . : e -
= gaseous tracking detector (gain of factor 2 in sensitivity)
(1 — 2w) : decrease wrong tagging fraction o > Angular dependent analysis needed
) * Test of QCD Factorization with
» Excellent vertex resolution precise measurement of
* toidentify secondary + tertiary vertices fu fu, f
* Also mandatory to study B, time dependence . P(I;’Iari”z;tioln dependent CP
= state-of-the-art pixelized vertex detector violating phases = deeper test of
» Excellent overall Part. Ident. (at least for e,p,K) up to al least 25 GeV CP sector (unprecedented) and
* Ideally specific PID system (but difficult to cover large p range better sensitivity to BSM physics
* Alternative is de/dx with cluster counting + ToF = Good angular resolution of
= gaseous tracking detector tracking
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Conclusions

The mode B; — ¢ ¢ very interesting
» To test QCD Factorization
» To test the CP sector with unprecedented precision
» to search for New Physics

QCD Factorization predicts 256 (‘/1“ ) ~ 1.01(1.004)
¢54(|0hs|) ~ —0.01 rad (—0.001 rad)

FCC can measure the CP parameters very precisely
> SAEE = 8|Ape| £ 0.004 and 8¢ 44 = £0.009 rad (= 0.005 rad) if
angular analysis is carried out

The study of this mode establishes important constraints on the detectors

Higher integrated Luminosity (x 5-10)would be extremely useful
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Candidates/ (5.0 MeV/c?)

Candidates/ (1 MeV/c®)
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