CP violation and determination of the “flat” (b,s) unitarity triangle at FCC-ee

R. Aleksan (CEA/IRFU), L. Oliver (lJCLab), E.Perez (CERN)

ECFA Workshop

WG1 Flavor
25/11/2022

?
V{Lkb Vs + Vc*b Ves + Vtﬂio Vis =0 _Vd

AZ /‘[2 Verv = | Vg

T’j;,’{;ﬂft.&e

SN

Vub
Veb
V)

| VA /4 VeV V5V
a, = arg (— ub uS),,BS = arg (— tf tS),yS = arg (— ib VCS> ~ (67°1°111°)
us

cb VCS ub

B, - DK B = | /¢ D* - DY(DYK*

» CP violation and determination of the bs "flat" unitarity triangle at FCC-ee,

https://arxiv.org/abs/2107.02002 o
> Study of CP violation in B¥ - D%(D9)K* at FCC-ee https://arxiv.org/abs/2107.05311



https://arxiv.org/abs/2107.05311

» Modelisation of the detector response :

* Detailed description of tracks, accounting for multiple scatterin

Acceptance :| cos 0| < 0.95
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e Genuine vertex fitting

» For vertexing Full MC events + response of the IDEA detector with DELPHES




Bs =arg (— Z—V) CP violation with B, - J /¢ - ptu KtK-
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Mean B flight distance = 3000 um
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Mistag and B, Mixing Measurement with B; —» D7t

Expect ~14 - 10° evts with very small Background (mainly combinatorics)
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I Charged final state only I
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ag = arg (— M) : Measurement of CP violation with B; —» D K
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NO Pld Inclusion of neutrals for B, — D K reconstruction
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e.g. could potentially increase statistics (x 3) by adding DSi - ¢pp*

More generally many physics topics (such as flavor physics) would benefit by using neutrals
=  Significant advantage compared to LHCb =  constraint on calorimeter and Pld
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Effect of dE/dx and ToF
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Vs = arg (— M) Direct CP violation with B¥ - D°(D%)K*, (D° -» K*K~, K n?)
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well-known method to measure the y angle of the “usual” UT | Gronau, London ; Gronau , Wyler

- e b — ¢ i [ D®>K*K-
5 c D DO — KO0
- _ 50 - BT W
b < < c DY - KK (ncp = +1) _
BT D 7 Ho 0.0 ~ . KT
u > u D” - K°n® (cp = —1) u > u
Vi Vi Vs Vi Vb Ves Ves Vus
With a final state f that is accessible to both DO and DO : interference, and CPV.
(Bt - K*) # T(B™ - K )= A try A> Pexm = T+ Vs
( fo)K™) ( fio)K™) symmetry Agp
+2R sin A cos R already known to 5%,
%P — - Vs R2 _ Br(B* — D_OK+) can be much improved
1+ R2+ RcosAcosy, Br(B* — DYK*)  with DO semi-leptonic

decays
A = strong phase difference. PDG: —130° + 5°

Combination of Afp (KTK™) and Agp (K°m?) gives A and y, (8-fold ambiguity)



Y = arg (— “/’b—v) Direct CP violation with B* - DY(D%)K%, (D? - K*K~, K,n?)
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4+ B* - (KTK™)pK™: Relatively easy thanks to

excellent mass resolution and PID :

o(D°)~2MeV and o(Bt)~6MeV

+ B* - (K,n%)pK*: more challenging :

» Displaced pion tracks from Ks decay :Up to
O(1m) from the IP. Requires a large enough tracker
<efficiency> > 90% up to 1.5m feasible

» Excellent photon energy resolution : Requires

Crystal like Calorimeter
o(K,)~ 2.5 MeV

+ : GEY
o(B™)~ 20 MeV with —
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Vs = arg (_ u) Direct CP violation with B¥* - DO(D®)K*, (D® - K*K~, K.nt?)
Vub us
B* > D°K* > K*K"K*  ~5.8 -10°
+ 07+ + -+ 3
Ldt =150 ab™! mmm=) B D K =S KTKCKE ~5.7-10
f Bt - D°K* > K.nK* ~12 -10°
Bt - DYK* > Ksn—[(+ ~1.2 -10%

Asymmetries are sizable. E.g. with A =-130° and y, = 108° (SM) :

Af(KTK™) =~ —15% and Alp (Km0 = 14%
with expected statistical uncertainties of ~ 0.1% (absolute, accounting for approx.
acceptance and efficiencies), which corresponds to g, = 2.8°

( uncertainty on Y depends on the value of A — ranges between < 1° to a few ° )
Possible improvements with additional modes, e.g. D —» K. n, B* - DYK*t

Measurement of y, to 1° — 2° within reach.



Comparison of K reconstruction with 2 detector models

K, — n'm | cos 8] <0.95 K. — n'r | cos 6| <0.95
§ [ | | ' IDEA § ! | clp
o T AT TN e g T Nhits >= 5 -
s [= o i® hgq“'}@ o e [ | -
HE B e . y— B il I N
LL D_Bﬁ- -------------:F-— W 085 —B —F'fﬁ;'ﬂﬂ'faﬁt ---------- —
8 | T . 8 [ ! ]
€ o6f SR« Y e B _ * loosemasscut -

:E' . HE. :I }D K* : : + i : 3 O K, mass + 3 MeV :

- | | e - - + K, mass + 2.5 MeV-

0.4~ * loosemasscut | :; 0.4 T i ]

i B 5, _

[ o K. mass + 5 MeV i h{:}i i +*D",_'§_Fl§l: 1

D'E__- + K.mass £ 2.0 ME.'-{P'_ ------------- I o D'E_ - '_L""'" : H_Eg: ]

':'_ 1 1 1 1 i 1 1 1 1 i 1 1 1 1 1 1 1 1 ] ':'_ | | L | | | | | %M
0 500 1000 1500 2000 0 500 1000 1500 2000

L, of Ks vertex (mm) Lz Of Ks vertex (mm)

Large tracking volume with many measurement points is very important for Ks reconstruction



Conclusions

» FCC should enable a precise measurementifthe three angles of the “flat” (b,s) UT :
with B~ J/¥¢ , D,K and BT - D°(DY)K*

o(ys) = £1°viaB* » DY(DY)K* » K*K~K* K,n°K*
with possible improvement with other modes
Vi Ves

. ) :
I-:FS‘ .l'_-}
V* T'Tua

u

vevie  O(Bs) = £0.035%via By > J/p ¢ - i KYK"
t 8

with possible improvement with other modes
o(ay) =~ +0.4°viaB, » DK™ - K*K ntK* « 25X better than the current precision

with possible improvement with other modes

» Simple relation between the 3 phases directly measured in these three processes :

—¢pxk + Pjpao + Ppog = 0 (modm)
should hold in the Standard Model.



Conclusions

» These modes are excellent showcases for setting requirements/specifications on detector

+ + + +

. i . o 1.2x1073
Excellent tracking and vertexing resolution, (pzT) <2.x1075Q :
pPr prSin®
. Allows to use
Excellent calorimetry resolution, ideally 2(E) _5*1077 o 12 5 SMeV Tmany other
E VE E decay mode !!!
Excellent Pld resolution 3 0 K /m separation up to 25 GeV (covers also K tagging ),
deally up to 35 GeV

Excellent Ks reconstruction ( crucial for many flavour analyses )




Additionnal Slides



In SM, only few other possible diagrams with same CKM element as tree diagram

= well defined CKM angle measured
= no direct CP violation expected

Figure 5: Exchange (sub-dominant) diagrams for B, — D K~
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Expected number of events

Eem = 91.2 GeV and [ L = 150ab™"
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Somewhat
conservative

K/ separation (std)

PID

10

Inclusion of « standard and modest » PID (dE/dx and ToF)

Resolution o (Z—E) = 5%

X

Resolution 6(ToF) = 20ps (= 6mm)

ToF Detector location : 2m from IP

dE/dx in Argon: mas K

— TIK ToF Ng
—_— K dE[dx ng in Ar
—_— K comb. Ng

flight distance = 2.0m
ToF resolution = 2.0e-11 ps
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4 —
2 —
> 2.2 up to ~35 GeV
0 . —— —
100 101 102
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K/ separation (std)

Inclusion of « improved » dE/dx and ToF

Resolution o (Z—E) = 4.9,

X

Resolution o(ToF) = 10ps (= 3mm)

Detector location : 2m from IP

dE/dx in Argon: mas K

10
— TIK ToF Ng
—_— K dE[dx ng in Ar
g | —_— K comb. Ng
flight distance = 2.0m
ToF resolution = 1.0e-11 ps
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2 —

10° 101

Momentum (Gev)

number of events
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number of events
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entries 55940 ete~—»Z-B—D:k—ktk - ntnlk- 17-39

- fit

mm n’mass
J+  data error

X-tal like cal. |

Oft = 5.62e-03+ 1.76e-04 Gev|

T T T T T T T T
0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20
mp?

entries 56130 €T e~ =7Z=B.-D.k=k k" nTn'k~ T 1743

-——- it

e nmass
7= data error

LAr like cal.




number of events

Assuming HGCal like calorimeter with

532420
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Inclusion of neutrals for B, — D K reconstruction
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number of events
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