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Theoretical background and motivation 

a Very good for probing BSM Physics

In the Naive Factorization (NF) Scheme (i.e. with top-dominance in mixing and decay)
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ത𝐵𝑆 → 𝜙𝜙 is a pure penguin decay

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

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



PDG NF

𝑓𝐿 = Γ𝑳/Γ 𝟎. 𝟑𝟕𝟖 ± 𝟎. 𝟎𝟏𝟑 CP (h=+1) ≈ 𝟎. 𝟗𝟐

𝑓∥ = Γ∥/Γ 0.330 ± 0.016 CP (h=+1) ≈ 𝟎. 𝟎𝟒

𝑓⊥ = Γ⊥/Γ 0.292 ± 0.009 CP (h=-1) ≈ 𝟎. 𝟎𝟒

Theoretical Issues (1/2)

In fact we cannot rely on NF:
𝜙𝜙 is a Vector-Vector decay
 polarized final states

𝐴∥ =
1

2
(𝐴+ + 𝐴−)

𝐴⊥ =
1

2
(𝐴+ − 𝐴−)

Due to V-A ,   𝐴𝐿: 𝐴−: 𝐴+ = 1:
Λ𝑄𝐶𝐷

𝑚𝑏
:

Λ𝑄𝐶𝐷

𝑚𝑏

2

𝑓∥ ≈ 𝑓⊥≪ 𝑓𝐿

But very off for 𝒇𝑳

𝐴𝐿 = 𝐴 𝐵 → 𝑉1 0 𝑉2 0
𝐴± = 𝐴 𝐵 → 𝑉1 ± 𝑉2 ±



Theoretical Issues (2/2)

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

PDG QCDF

𝑓𝐿 = Γ𝑳/Γ 𝟎. 𝟑𝟕𝟖 ± 𝟎. 𝟎𝟏𝟑 CP (h=+1) ≈ 𝟎. 𝟑𝟕𝟎

𝑓∥ = Γ∥/Γ 0.330 ± 0.016 CP (h=+1) ≈ 𝟎. 𝟑𝟏𝟓

𝑓⊥ = Γ⊥/Γ 0.292 ± 0.009 CP (h=-1) ≈ 𝟎. 𝟑𝟏𝟓

Br (1.87 ± 0.15)10−5 𝟐. 𝟏 𝟏𝟎−𝟓

 More complete treatment of penguins, in particular for the Weak
annihilation processes with helicity dependent corrections  

 includes NLO vertex, Hard scattering, penguins corrections …

 Coefficients 𝑎𝑖
𝑝,ℎ

(combination of Wilson coeff. 𝐶𝑖) depend on the 

helicity

𝜆𝜙𝜙
𝐿,𝑄𝐶𝐷𝐹

≈ 1.01

𝜙𝜙𝜙
𝐿,𝑄𝐶𝐷𝐹

≈ −0.5°

𝜆𝜙𝜙
∥,𝑄𝐶𝐷𝐹

= 𝜆𝜙𝜙
⊥,𝑄𝐶𝐷𝐹

≈ 1.004

𝜙𝜙𝜙
∥,𝑄𝐶𝐷𝐹

= 𝜙𝜙𝜙
⊥,𝑄𝐶𝐷𝐹

≈ 0.05°

CKM phases depend on polarization but all remain very small



Detector response is parametrized unit value

acceptance % 86

𝜎(𝑚𝜙) MeV ~1.5

𝜎(𝑚𝐵𝑠) MeV ~5.7

𝜎(𝑑𝐵𝑆
𝑓𝑙𝑖𝑔ℎ𝑡

) mm ~20.

𝝈 𝒎𝑩𝒔

≈ 𝟓. 𝟕𝑴𝒆𝑽

𝝈 𝒎𝝓

≈ 𝟏. 𝟓𝑴𝒆𝑽

𝝈(𝒎𝑩𝒔)𝑳𝑯𝑪𝒃 ≈ 𝟏𝟓𝑴𝒆𝑽

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

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

𝜖𝑎𝑐𝑐𝑒𝑝𝑡.+𝑟𝑒𝑐𝑜
≈ 85%

Kaons from f

< 𝑷𝑲 >≈ 𝟖. 𝟑 𝑮𝒆𝑽

https://arxiv.org/abs/2107.02002


If no angular analysis
reduced sensitivity since

𝜂𝜙𝜙
𝑒𝑓𝑓

= 1 − 2𝑓⊥ ≈ 0.416

Time dependent analysis

𝐴𝐶𝑃
𝑚𝑖𝑥 ≈ −𝜂𝜙𝜙

𝑒𝑓𝑓
sin𝜙𝜙𝜙

If angular analysis (tbd)
the sensitivity is improved by 
factor ~2

𝜔 = 𝑤𝑟𝑜𝑛𝑔 𝑡𝑎𝑔𝑔𝑖𝑛𝑔 = 0.25

𝜹(𝝎)𝒔𝒕𝒂𝒕 = 𝟏. 𝟒 × 𝟏𝟎−𝟒

https://arxiv.org/abs/2107.02002

Can be obtained very precisely
from 𝐵𝑠 → 𝐷𝑆

−𝜋+ see

https://arxiv.org/abs/2107.02002


𝛿 𝜆𝜙𝜙
𝐹𝐶𝐶 ≈ 0.004

𝛿 𝑠𝑖𝑛𝜙𝜙𝜙
𝐹𝐶𝐶 ≈ 9 × 10−3 rad

≅ 𝛿 𝜙𝜙𝜙
𝐹𝐶𝐶 ≈ 0.5° 𝑠𝑡𝑎𝑡.

𝛿 ΔΓ𝑠,𝜙𝜙
𝐹𝐶𝐶 ≈ 0.004

Time dependent fit

𝛿 𝑠𝑖𝑛𝜙𝜙𝜙 ≈ 4.5 × 10−3 rad

≅ 𝛿 𝜙𝜙𝜙
𝐹𝐶𝐶 ≈ 0.25° 𝑠𝑡𝑎𝑡.

Large number of events expected @FCCee

𝑁[(𝐵𝑠 + ത𝐵𝑠) → 𝜙𝜙 → 𝐾+𝐾−𝐾+𝐾−] ≈ 9.4 105

Angular analysis

5 103 experiments generated with 8.2 105 each

Study of CP violation with 𝑩𝒔 → 𝝓𝝓 → 𝑲+𝑲−𝑲+𝑲−
Generated ∶

𝜆𝜙𝜙 = 1.

sin𝜙𝜙𝜙 = 0.05
.

2107.02002

https://arxiv.org/abs/2107.02002


Study of CP violation with 𝑩𝒔 → 𝝓𝝓 → 𝑲+𝑲−𝑲+𝑲−

w/o angular analysis

With 5 fb-1

𝜆𝜙𝜙
𝐿𝐻𝐶𝑏 = 0.99 ± 0.05

𝜙𝜙𝜙
𝐿𝐻𝐶𝑏 = −0.073 ± 0.115

𝛿 𝜆𝜙𝜙
𝐹𝐶𝐶 ≈ 0.004

𝛿(𝜙𝜙𝜙
𝐹𝐶𝐶) ≈ 9 × 10−3 rad

If indeed ∶
𝜆𝜙𝜙 = 1.±0.004

sin𝜙𝜙𝜙 = 0.05 ± 0.009 rad
.

is measured @ FCCee

5s deviation from SM

>~10 s deviation from SM
potentially possible

If angular
analysis

simulation generated with 𝜆𝜙𝜙 = 1 and 𝜙𝜙𝜙 = 0.05rad



Bounds on New Physics

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

𝜙𝜙𝜙
𝑒𝑥𝑝

−𝜙𝜙𝜙
𝑄𝐶𝐷𝐹

≈ 𝜙𝜙𝜙
Δ ≈

𝐼𝑚Δ𝑠
𝑅𝑒Δ𝑠

𝜆𝜙𝜙
𝑒𝑥𝑝

= 𝜆𝜙𝜙
𝑄𝐶𝐷𝐹 Δ𝑠

∗

Δ𝑠

𝜆𝜙𝜙
𝐿𝐻𝐶𝑏 = 0.99 ± 0.05

𝜙𝜙𝜙
𝐿𝐻𝐶𝑏 = −0.073 ± 0.115

Assuming FCC measures the 
same central value as LHCb

With
5𝑓𝑏−1



Considerations on detectors requirements

𝑁 : increase statistics

 Increase Instant. Lumi
 Increase 𝑳𝒅𝒕 ⇒ 4 IP, more time @Z-pole

 Increase acceptance and recons. Efficiency
• Large tracking volume with many meas. points

 SVD + gaseous tracking detector
 Excellent momentum resolution 

• Very good point resolution but even more important
• Very low material budget

 gaseous tracking detector

(1 − 2𝜔) : decrease wrong tagging fraction w

 Excellent vertex resolution 
• to identify secondary + tertiary vertices
• Also mandatory to study BS time dependence

 state-of-the-art pixelized vertex detector
 Excellent overall Part. Ident. (at least for e,µ,K) up to al least 25 GeV

• Ideally specific PID system (but difficult to cover large p range
• Alternative is de/dx with cluster counting + ToF
 gaseous tracking detector

𝜂𝜙𝜙 : disentangling the polarizations

(gain of factor 2 in sensitivity)

 Angular dependent analysis needed
• Test of QCD Factorization with

precise measurement of 
𝒇𝑳, 𝒇∥ , 𝒇⊥

• Polarization dependent CP 
violating phases ⇒ deeper test of 
CP sector (unprecedented) and 
better sensitivity to BSM physics
 Good angular resolution of 
tracking



Conclusions

FCC can measure the CP parameters very precisely  

 𝛿𝐴𝐶𝑃
𝑑𝑖𝑟 ⇒ 𝛿 𝜆𝜙𝜙 ± 0.004 and δ𝜙𝜙𝜙 = ±0.009 rad ≈ 0.005 rad if

angular analysis is carried out 

The mode 𝐵𝑠 → 𝜙𝜙 very interesting 
 To test QCD Factorization
 To test the CP sector with unprecedented precision
 to search for New Physics

𝜆𝜙𝜙
𝐿 𝜆𝜙𝜙

∥,⊥ ≈ 1.01 1.004

𝜙𝜙𝜙
𝐿 𝜙𝜙𝜙

∥,⊥ ≈ −0.01 rad (−0.001 rad)

QCD Factorization predicts

The study of this mode establishes important constraints on the detectors

Higher integrated Luminosity (x 5-10)would be extremely useful



Additional Slides



𝝈(𝒎𝑩𝒔)
≈ 𝟏𝟓𝑴𝒆𝑽

𝝈(𝒎𝝓)

≈ 𝟐. 𝟓 𝑴𝒆𝑽


