B° = DK benchmark with IDEA

Tools and first results

G Mezzadri, Marco Scodeggio - INFN Ferrara, and Federica Cuna - INFN Lecce and Uni Salento
gmezzadr@fe.infn.it

ltaly-France FCC workshop - 22/11/2022 - Lyon


mailto:gmezzadr@fe.infn.it

Flavor Physics at FCC-ee

CKM unitarity triangle is a stepping stone for flavor physics
* Any deviation from unitarity would lead to physics beyond standard model
* At the end of HL-LHC and Belle2 programs, y angle will be known with ~1° error

FCC-ee will be a Tera-Z factory
* CKM analyses can be performed by studying Z — bb
* This will result in:

= 75Billions BY,

= 3710 Billions B°

This work aims to understand the feasibilty of
1.B° = DK
2.B02 = J/Y® (laten)

(0,0) (1,0)
With the B°sample, FCC can measure:

* y with a precision of 0.4°
B, with a precision of (3.4x102)° 2



Qur QUIdlng IIghT arXiv: 2107.02002

There is a study by R. Aleksan, L. Oliver, and E. Perez showing the possibility
of doing B, physics and measure unitary triangles at FCC-ee
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In the paper, they implement a generic FCC-ee detector (see backup). °



Flavor Physics with IDEA

This work makes use of fast and full

5 Preshower _
S simulafions of IDEA detector:
Eﬂ S Rom=8B0em * to establish impact of tracking and
5 PID and guide further development
%) DCHRin = 35cm
=1 * To test the tools for doing physics
analyses
CalRin = 250 cm * to estimate the sensitivity of
" P = Yom + Yos - 2Bs with B, = DK
Cal Rout = 450 cm = 2Bswith B, —» J/Y &

Yoke 100 cm

>

FMagnet z= +300 cm

The work is performed in FCC analyses framework: key4dHEP/EDM4HEP



DELPHES

fast simmulation

ADELPHES (i)

DL o o i =
» s 3 .

Delphes is a modular framework that simulates the response of a multipurpose
detector in parametrized fashion

It provides:
* Lepton, photons, neutral
> hadrons

* Jets missing energy

It includes main feaures:

* Charged particles propagation
* EM/Had calorimeters

* Particle flow

It has been originally designed for hadronic environment but it is well suited also
for ete studies, including IDEA detector cards



From M. Selvaggi:
https://indico.desy.de/event/33640/
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Track Smearing

«  Simple tracker geometry implementation,
including material

+  Computes full covariance matrix (in present
Delphes we have “diagonal” smearing in the 5
tracking parameters)

+  Can be used for studying impact of material and
realistic HF tagging simulation

77587/100359/delphes_ecfa2022.pdf
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FCCee TrackCovariance

o /pt
RO R R R DR SRR AR SRR pl P
0005 E Track angle 90 deq.
module TrackCovariance TrackSmearing { 0.0045 :g;MSun
UDDdE— —an
set InputArray TrackMergerPre/tracks E CLD MS only
set OutputArray tracks 00035
E o
## minimum number of hits to accept a track 0003 ’___a--"'ff -
set NMinHits 6 00025 :?.——:'_":_ ___________ I
= -
F —~
. . 0.002 L
#% magnetic fleld E /
set Bz $6 0.0015 /
## uses https://raw.githubusercontent.com/selvaggi/FastTrackCovariance/master/GeoIDEA_BASE. txt nnm:—
set DetectorGeometry { 0.0005 [
S N A A R
% 20 4 80 100
# barre name zmin Emax r w (m) xa n_meas th_up (radd th_down (rad) reso_up (m) reso_down (m) flag pL{GeV)
1 PIPE -89 108  0.015  ©.801655 ©.2885 [ 1 [} ] [] ] Z; (um)
1 VTXLOW -8.12 @.12 @.017  9.80828  6.8937 2 [ 1.5708 Je-B06 3e-206 1
1 VTXLOW -8.16 @.16 @.023 0.00028  0.0937 2 (] 1.5708 3e-006 3e-006 1 10 Track angle 90 dag
1 VTKLOW -8.16 @.16 9.031  @.00028  6.8937 2 [ 1.5708 Je-B06 3e-0B6 1 91 IDEA
1 VTXHIGH 1 1 8.32 9.00847  9.0937 2 (] 1.5798 Te-006 Te-806 1 e
i VTKHIGH -1.85 1.85 @.34 @.00847  8.0937 2 [} 1.5788 Te-Bo6 Te-806 1 3-1
7
TrackCovariance module j)
5t
El
2\
\
. R i . IR
equires: AN
. o —
+  Geometry input
i 20 40 60 80 100
P (GeV)

cylinder coaxial
- planar disks
+  Magnetic field

From M. Selvaggi:
https://indico.desy.de/event/33640/contributions/ 128007/ 7
attachments/77587/100359/delphes_ecfa2022.pdf



B. - DK

-

Decay B_s0
1.000 MyD_s- K+ PHSP;
Final state of interest is D, = ¢ + bachelor K, with ¢ — KK. Enddecay
CDecay anti-B_s@
— #
Generated 10k events at Z peak, exclusive Z — bb. Decay MyD_s-
= One b hadronizes in B, the other goes inclusively Eniai?iy“’”pm pL- PHSP;
* Winter ‘21 DELPHES simulation. CDecay MyD_s+
#
Decay Myphi
In order to study the impact, two approaches: 1.000 K+ K- VSS;
1 Truth-matching (TM) ;nddemy
2) Reconstruction %

Generated also main backgrounds and tested with the reconstruction routines



Results with TM - D ‘

) K
Apply few general selections D
m
* Q=0 B,
*« N, 23 K
R fructed D%

. NqT 2 1 ) econstructe MAsS .

S 280 Entries 838
* @KK =0 % - gtzalgev 0.0014322

% 200:—
® and prompt Kaons are already e
separated =
To reconstruct D, apply vertex fit ‘°°;_
to KK tracks ol
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Results with TM - B, ‘

(0] K
To reconstruct B, vertex fit of D, and bachelor K D
, , , , , |
« will study the B, impact parameter with covariance matrix B,
already in DELPHES K
B mass without vertexing B mass with vertexing
h
‘é :_ Entries 673 % F ntries g
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g 50;_ % 120—
@ 40f— ._% 100f—
aof- i3
- a0
10— o
- 20—
g?r,_'_| . r'rjlflnﬂf—\ﬂ C | |
2 545 55 83 5.25 = 545 55
m(DSK) (GeV/c?) m(DsK) (GeV/c?)
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Result with Reconstruction

Apply few general selections

5892

8 wf val " Q=0
3oof— ° NK ? 3
2502— ¢ Nﬂ ? 1
200— i @ = 0

- KK
150—

100—

Vertexing allows to separate ¢ and
prompt kaons

0 05 1 15 2 2.5 3 35 4 45 5
m(KK) (GeV/c?)

PID is 100% via PDG-ID
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Events/1.00 MeV/c?
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Result with Reconstruction — D, and B,

By applying a similar procedure as in the TM case, we idenfify D, and B, candidates.

We add a loose selection on D, candidates mass 1.9 GeV/c? < mass(ém) < 2 GeV/c?

D, mass reconstruction

h

m(KKr) (GeV/c?)

— Entries 804
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E StdDev  0.01964
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B, mass reconstruction
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h
Entries 714
Mean 5.33
Std Dev 0.8066

N

10
m(D K) (GeV/c?)
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About PID

onizng | 7 collected signal ' identified
IDEA will use innovative dN/dx —— | | ~ peaks
cluster counting technique for PID s
o
in the Drift chamber :
M
- PSS \.k

Particle separation (2 m track) time 5]
(cluster conting efficiency = 80% - dE/dx at 4.2%)

1000 " X7 T T 131 T 1T T T T T 71101 T esds mu/pi dE/dx

— s/ i ANl
""" pifK dE/dx
— pifK AN/ dx

ekt This grants an improved PID with
respect to conventional dE/dx
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7.00
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# of sigma
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3.00

Possibility to add timing layer fo
------------ LI improve in (0.85, 1.05) GeV/c region

2.00

1.00

L L 1]
b e AL T YT T I T iy

0.00
1.E-01 1.E+00 1.E+01 1.E+02
momentum [GeV/c]
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More details in https://indico.desy.de/event/33640/contributions/128012/attachments/77613/100467 /DerFilippis_IDEA_PID_DCH.pdf



Implementation in simulation

Cluster counting is implemeted in DELPHES
with GARFIELD parametrization for By

module ClusterCounting ClusterCounting {
add Ino rav TrackSmeari rag T 4
add InputArray TrackSmearing/tracks 52400_
t OutputArray tracks 1)':‘ I: -n
% .
2200r —K
Bz 5B
i
20004~
Rmin SDCHRMIN

t Rmax SDCHRMAX
t Zmin SDCHZMIN
Zmax $DCHZMAX

5 10 15 20 25 30 35 40 45 50
Momentum [GeV/c?)

t GasOption @

) To be tested in the future on this benchmark
14




Main backgrounds

500k events generated and analysed with the same routines

Main mode | Decay chain Background Decay chain
mode

B.—» DIK* | D - ¢nt, 5o K*K~ | B, » DI*K* | D:F > yopnt, ¢ - K*K~
’ D - ¢p*, ¢ - KK~ ’ D* - y¢p*,¢ - K*K~,p* - nta”

B, » DIK'* | D¥ > ¢nt, ¢ » K*K~,K*T - K*n®

“ D - ¢ppt,d » K*K~,pT - ntn® K*T - Ktn®

B, - Din* | Df - ¢nt,¢p - KK~

“ D - ¢pt,d » K*K~,pT - n*n®

B. - Dip* | D¥ - ¢nt,¢p - K*K-,pT » ntn®

B° -» DIK* | Df - ¢nt, ¢ 5> K'K~

“ D - ¢ppt,d » K*K~,p* - n*n®

A - D;p* | Df - ¢nt,¢p - KK

D - ¢ppt,p » K*K~,pT - ntn®

A} - Dy p* | DF > ypnt, ¢ - KT K~

i DF > ypp*,¢ > K*K~,p* - n*n”

Delphes FCCee Physic events dev production (IDEA with Track Covariance full matrix lower triangle) 15
http://fcc-physics-events.web.cern.ch/fcc-physics-events/Delphesevents dev IDEA.php




Events (a.u.)
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Largest contribution from:
* B,- D
- B> D,
Mainly frorn combinatorial

Negligible for other cases
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summary and next steps - |

* First fast simulation of B, —» D, K benchmark for flavor physics prepared

B Tools tfested and ready for more complex analyses

" A new version of vertexing is now available fo ease the analysis job

* With a preliminary analysis on B, - D, K:
® Good reconstruction of B, candidate mass with vertexing with covariance matrix

® Combinatorial background from 2 B, decays with larger branching ratio

* Further development are undergoing to further suppress those conftributions (hemisphere
selection, impact parameters)

17



summary and next steps - |

Bs—DsK [L=1apb"?
8001 wmm B.-D.1(=K) Ecm =45.6 GeV
cos(6p) < 0.95

*  Add a more realistic PID R L
§ 600 B~D.n(=K)
- Cluster counting implemented in DELPHES I e
-g 4007 F data esrror_

NO PID

N
o
o

I
Py

* Reproduce results of arXiv: 2107.02002 with g “3%

’
’

_w:-— e

0- Y Y y f ' T

E D M4 H E P 5.33 5.34 5.35 5.36 5.37 5.38 5.39 5.40 5.41

mBSres

= First with DELPHES, later with full simulation, D

IL:-L:g_GlGeV = B.-Da(=K)
thanks to EDM4HEP 100 | cost@) <095 = '-i
\ . . § 801 B:—vD:' n(=K)
— Study also final staftes with neutrals —» impact 3 T
5 607 mm B°-D.n(=kK)
of calorimefters (see backup) N et F data error

o m.nunﬂilfh{ bEni

T T T T T T T T T
5.33 5.34 5.35 5.36 5.37 5.38 5.39 5.40 5.41 -l 8
mBsres




THANKS



ADDITIONAL MATERIAL



Unitary friangles

UTg,
Ul

UTius

ViVaa + ViVed + ViVia = 0

w

VAV, + V*

“uh ch

Ves+ ViVie = 0

"Conventional” Unitarity triangle

“Flat” Unitarity triangles
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Generic Detector

From arXiv: 2107.02002

Acceptance : | cos @] < 0.95

Charged particles :

] . o(pr) o -5 1.2x103
pT resolution : B = 2.x107" & “prsing
_ Lo _ 1.5x10%

¢, 0 resolution : g(@,0) prad = 18 & o Yand

, . Lo _ 5.4x10!
Vertex resolution : o(dm) pm = 1.8 @ ;Txﬁ
e,y particles :

. o(E) _ 5x10°2 -3

Energy resolution : 5 = — @ 5 x 10

vV E
! 1 - L] — —7
EM ¢, resolution : o(¢,0) mrad = 7E




PID in generic detector

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

Resolution o (E) = 5%
dx

Somewhat
Consilrgat"’e Resolution o(ToF) = 20ps (= 6mm) Probability of n
ToF Detector location : 2m from IP misidentification as K
with g(K)=50%
o dE/dx in Argon: mas K cntries 865170 et e~ »Z—=B.»Dsn—=ktk—n*tnin - nWEL
— K TOF 1z «  PID track 4
{ 10—2 4
— K dE[dX Ny In Ar
a- — K COMb. 1
— flight distance = 2.0m
2 ToF resolution = 2.0e-11 ps 10- 4
= 6 dE/dx resolution = 5.0e-02 E
2 2
g, >3c up to ~10 GeV o
4 a
5]
> 2.2 up to ~35 GeV
105
? lf')u 161 102 0 5 10 15 20 25 0 35 a0
Momentum (Gev) Momentum (GeV)

23
https://indico.cern.ch/event/932973/contributions/4059396/attachments/2141084/3607689/FCCee-week-2020_Bs-DsK.pdf



Present IDEA guide lines for performance

Physics Process  Measured Quantity

Critical Detector Required Performance

ZH — (7(~X  Higgs mass, cross section Tracker A(l/pr) ~2x 1077
H— pmp~ BR(H — pu"p™) @1 x 1072 /(prsin )

H — bb, cé. gg BR(H — bb, cé, gq) Vertex Ore ~ 5 & 10/(psin®/? ) pm
H—qg, VV  BRH = qg, VV) ECAL, HCAL o/ E ~ 3 - 4%

H — 9 BR(H — v7) ECAL op ~16%/VE @ 1% (GeV)

For details about the developments, please refer to the talks in the
dedicated parallel sessions and fo the presentation of tomorrow by

Grancagnolo and Boudry
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number of events

Wh>s// neutrals?

https://indico.cern.ch/event/932973/contributions/4059396/attachments/2141084/3607689/FCCee-week-2020_Bs-DsK.pdf

D, final state with neutrals can potentially lead to a x3 increase in statistics, i.e. D, - $p*.
This puts more stringent requirements on PID and Calorimetry

entries -4351.78645500004.

2020-06-06
entries .4175.13620400006 0 2020—06.—06 signal :2799.5 S—bDEK—)QﬁpK—hKKHROK 18:59 ) 10
Signal 2717 5 Es—)DEK—NﬁpK—iKKTHT K 18 57| 200 | :gfgar\‘:‘r\:ﬁ;é:un BansDoK—shpK—KKmnOK 2020-10-26
. -—- fit DK 200
120 - " DZK I{ LAr-like Cal ——- it B;—>D K 1 I T ok
-—- fit BYsD.K | . 175 g JL=1ab" 175 1 —=- fit BY4DK [L=1ab"
Dk | 5E 0.10 © 0,005 DK Eom =45.6 GeV ok e b Gey
100 _ —_=— . ] _ \ e =45,
m— D.(=K) E JE 150 | W Derl=K) coslB) < 0.95 ‘ 150 | mm Du(=K) cos(8) < 0.95 Xtal-like Cal.
BO-DK it = 5.366€+00% 2 BYD.K Tm 5t = 5.366e+00% Xtal-like Cal. @ B0aD Tm— 5t = 5.366e+00% SE  0.05
80 4 Oy -t = 3.590e-Q g 125 4 O —fit = 2.028e-02% SE  0.05 T 1254 s Oy—pt = 2.028e-02+ = $0.005
BY—=Dr(=K) E BYsD.m(=K) F‘ﬁ@o.oot g BY-p.1( =K) E \/E
LH)
= data error S 100 - JF data error 5 100 { " dataerror
601 = PID on < PID on ;
g 2 75 6 _ c1
£ 751 ; 7 E
40 4 5 2 |
= o
50 4 50
20 A 25 J
25 -
| SEPET - o]
0 T T T T T T 0 ] i i i . ) )
550 595 530 535 5.40 5.45 . ‘ , ‘ ‘ ‘ 5.20 5.25 5.30 5.35 5.40 5.45
5.20 5.25 5.30 5.35 5.40 5.45 MBSyec
mBsres mBs
res
« Irreducible bkg » , only mass resolution can beat it WlTh '| O pS Tlmlng ICIyer

I Result 7 : Excellent calorimetry (Xtal like) is also mandatory
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et Clustering in DELPHES

CERN et Clusterin
%) J : Deirres

* Implemented Durham inclusive/exclusive
clustering in both “dcut” and “njet” mode

n [ 3 .
Valencia” algorithm o+ e-HzobbY

200000
am:k; mode), 4 jets, V dys > 20 GeV HZ
175000 4 ZZ
# Jet finder Durham exclusive 150000 4 ww
-
125000 Vdaa > 20 GeV
module FastletFinder FastletFinderOurhamh2 {
2t TnoutArray Calori o c
# set InputArray Calorimeter/towers £ S=184286, B= 94777
set InputArray EFlowMerger/eflow b 100000 A
4}
g SIS +B =349
set QutputArray jets 3 75000 4
# algorithm: 11 ee-durham kT algarithm
- - 50000 1
# ref: https://indico.cern.ch/event/1173562/contributions/4929025/a
# to run exclusive njet mode set Nlets to int
# to run exclusive dcut mode set DCut to float 25000 4
# if DCut > & will run in deut mode

set JetAlgorithm 11
set ExclusiveClustering true '

set Nlets 2 70 80 90 100 110 120 130 140
# set DCut 16.9 My [GeV]

signal window

Gavin Salam



IDEA Calorimetry

Dual readout calorimeter — EM & Hadronic in one single sampling detector
* 1.5 mm fiber pitch

250 100 50 20 10 5 = Energy (GeV)
I

* Cherenkov/Scintillation g METTT | |
Working principle demonstrated "
0.08—
by DREAM/RD-52 u.ﬂ?i—
U.OE;—
0052—
@(J@U@U@U@ 0.04
D®O®O®0®0 o
n.m%—

QE | 1 | | [

i i 1 1 i i 1 1 | i 1 i 1 (] 1 I 1 1 1 i 1 i i
0 0.1 0.2 0.3 0.4 0.5 5]
1/ |E (GeV)

27
More details in the presentation in the parallel session on detector
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