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* Motivation for Dark Matter Searches
* Belle Il experiment at SuperKEKB collider
* Analysis Strategy and Preliminary Results

* Summary & Outlook
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Park Vlat

* Many astrophysical observations provide evidence for the existence of a kind of matter that
does not interact with the SM (mostly just gravitational interaction) — dark matter

Flat rotational curves

* Known properties of this dark matter: DISTRIBUTION OF DARK MATTER IN NGC 3198
200 —r—T—T T T T T T I

— Massive — it interacts gravitationally I | | | - mlu ]
- Highly stable — evidence for different 150 bereasihs

presences at early stages of Universe % " helo y ﬂ

formation *‘3 r v(r)=vM(r)/¥ :
— Almost neutral under the SM — not ol :

interacting strongly ( limit from Big Bang

Nucleosynthesis ) nor electromagnetically ol L

. ‘" " . Radius (kpe)
(being “dark™) A Milky-Way-size dark-matter halo

. and its subhalos (circled), produced
- Vpu (~ 240 km/s)<< ¢ — crucial for

in simulations [Caterpillar Project,

observation of large structures Griffen et al. 2016], AAS.

No such a kind of matter predicted by the SM — we have to look for New
Physics and possibly a new type of particle as Dark Matter (DM) candidate.
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ark Matter Searches

- Different detection methods are possible: Direct Methoc

— Detect the energy of nuclear recoil due to collision
with DM particle from galactic halo in underground
experiments — direct detection

Indirect Method "

— Detect the flux of visible particles (electrons,
positrons, protons, antiprotons, photons) produced by
DM annihilation and decay (telescopes observations,
satellite experiments)— indirect detection

— DM weakly couples to SM particles and therefore
can be produced in SM-particles annihilation at
colliders: several signatures, involving possible Dark
Sector (DS) mediators— collider search

— In this presentation | will focus on the search at

electron-positron colliders: Belle Il experiment
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1sity frontier

B-factories: dedicated experiments at ete asymmetric-energy colliders for

the production of quantum coherent BB pairs — CP Violation studies.

e*te — T(4S) [10.58 GeV] — BB

First generation of B-factories Rich Physics Program

D>
/O
BELLE

* SM test, precision flavor physics

* Rare/suppressed /forbidden

at the KEKB collider, at the PEP Il collider
(KEK, Japan) (SLAC, California)

Processes

* Search for new light particle

states

* light DARK SECTOR

Belle Il — x50 the data set of

its predecessor!
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e+ 4 GeV 3.6 A |

* Second generation B-Factory, it will provide the —

world highest luminosity, applying the /arge /
crossing angle nano-beams scheme. (P.Raimondi

for SuperB) New beam pipe SuperKE KB

& bellows

Add / modify RF systems
for higher beam current

Lon\.-ur emittance positrons

\Q/

Damplng ring
Low emittance gun

Positron source

New positron target /
capture section

Low emittance electrons
to inject
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e+ 4 GeV 3.6 A |

* Second generation B-Factory, it will provide the ——

world highest luminosity, applying the /arge

crossing angle nano-beams scheme. (P.Raimondi

for SuperB) /' New beam pipe SUDGI"KEKB

& bellows

KEKB SuperKEKB

r ------
1 I |
. ' * . Add / modify RF systems
\ : B y l X 1/20 ' for higher beam current

: ~ 16/12 A) ~36/26 I------T.o:.f;mTtt:n:epositrons
to inject

* *
mm): ~5.9/5.9 : ~ 0. : ing ri
B . ( ) / B v (mm) 0 27/0 3 Damping ring M/
beam beam-beam W .
Lorentz current parameter
factor \ \ / Low emittance gun
* geometrical Low emittance electrons
L —_ Yi (l + c_\' ‘Iig_\'i /Ra-; I"edUCtion to inject
\ + \5§

Positron source

New positron target /
capture section

factors

beam aspect vertical beta-function 40X KEKB peak |uminosity: y— 8 : 1035 Cm'2 S_1
ratio at the IP at the IP
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* The Belle Il detector has better resolution, Particle Identification

(PID) and capability to cope with higher background

K. and muon detector (KLM):

Resistive Plate Counters (RPC)(outer barrel)

_ Scintillator + WLSF + MPPC (endcaps, inner barrel)

Electromagnetic calorimeter (ECL):

Csl(Tl) crystals, waveform sampling to measure time
and energy (possible upgrade: pulse-shape)

Non-projective gaps between crystals

——

Magnet: J

1.5 T superconducting

efe
ns .-
e

Trigger:
_ L1: < 30 kHz
Vertex detectors (VXD): -~ HLT: < 10 kHz
2 layer DEPFET pixel detectors (PXD) posftrons -

4 layer double-sided silicon strip detectors (SVD)

/)

Particle Identification (PID):
Time-Of-Propagation counter (TOP) (barrel)

Central drift chamber (CDC):
He(50%):CzHs (50%), small cells,
fast electronics

Aerogel Ring-Imaging Cerenkov Counter (ARICH)
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2024

2025

Phase 2 (April-July
2018): Commissioning of

the machine, detector

and software

1/8th VXD

Lower backgrounds
Flexible hardware triggers

Pass-through software

trigger



60 follected ~0.5 fb* * Phase 2 (April-July
z . / Goal of Belle Il 2018): Commissioning of
-U-) o LR ___ N | I N K & & & & &R &R &R o N &8 &8 &R &R N _§ ]
2 = ' the machine, detector and
E 40 O TN S NS N—
=2 o Hardware Trigger : software
Q- :
‘g 30 g ~ Tracking, Clustering, | * 1/8th VXD
g 20 = Bhabha veto (based on both il g
" 10 o hal angl monthsl‘/ea' » * Lower backgrounds :
Q polar and azimuthal angles). ldays/month : :
1 3 1
x10% ey Rate < 8 kHz :
z g :
G 1
g~ F = :
E 'SE" ‘ Software Trigger (n/a for Phase 2) I- .
x= 2 1
3 ) ~ Based on offline reconstructed data |,
AL objects 24 2025  Good conditions for Dark
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ollected ~0.5 fb" 5 Phase 2 (April-July
z _______G_O_al-c_)f_B_e_"E-“; _ 2018): Commissioning of
2 5 the machine, detector and
E_. aoff i i
= - Hardware Trlgger | | software
iw 30 ~ Tracking, Clustering, | | * 1/8th VXD
g 20 Bhabha veto (based on both il g
. °"th5/‘/ear » * Lower backgrounds :
10 polar and azimuthal angles). )days/month . :
«10% 0 Rate < 8 kHz s ' — * Flexible hardware triggers E
1
%-—- o ' E
'§ JE’ . Software Trigger (n/a for Phase 2) - .
x= 2 1
3 ~ Based on offline reconstructed data |
3 objects 24 2025  Good conditions for Dark
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coupled to SM through a light mediator X:

— Vector portal — Dark Photon A’
= Scalar portal — Dark Higgs/Scalars

— Pseudo-scalar portal — Axion Like
Particles (ALPs)

— Neutrino portal — Sterile Neutrinos
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coupled to SM through a light mediator X:

— Vector portal — Dark Photon A’
= Scalar portal — Dark Higgs/ScaIars

— Pseudo-scalar portal — Axion Like -

benohmavk

Particles (ALPs)  Meemeaaaaaa

— Neutrino portal — Sterile Neutrinos

* A possible extension of the SM

include a new massive (m,.) gauge

boson A’ of spin = 1 coupling to the \@\/\/\D /

SM through the kinetic mixing with €
strength € — the dark photon
* At ete- colliders we investigate the ot ™ 1@
AN
ISR production ete — y A" / LD A Jgy N

L.Zani —

Batell et al. (2009),
arXiv:0903.0363
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Other SIVI extensions: Z to Invisib

* New gauge boson Z' coupling only to the 2nd g 1E —
. P ," E \
and 3 generation of leptons (minimal L L. B S
£ E h
model) T r \\
Detecting the L -L. gauge boson at Belle Il, arXiv:1702.01497 - h % """"""" N \\
o - o Mgl 0~g*(1-M_ /{s) N

* Invisible signature investigated for the first time «&° F i . e B A

in the process ete— U Z’ + missing ?10.3;

momentum 2 F

010—4?
* May explain the (g-2), anomaly 8 Computed with MadGraphb \
10° E

* BR(Z'— inv) may be enhanced by the presence B i el

of kinematically accessible DM (e.g. sterile

" Y (e Shuve et al. (2014), arXiv:1403.2727
neutrinos) m
e : :
Branching ratios:
ne(V, 1) M, < 2M — [(Z — inv.) = 1
2M < M,_, < 2M_— I'(Z’ — inv.) ~ 1/2
M Z T
u,r@ M,, >2M_— I'(Z’ — inv.) ~ 1/3
T
e” £ radiatively emitted by a muon * If light DM is accessible, BR(Z'— DM)~1
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/" to Invisible: Analysis Strategy

* Reconstruct the recoil against a {+J- pair (dimuon candidate)

Belle Il detector, xy (transverse plane)

and look for a peak in the recoil mass spectrum. Additionally
require nothing in the Rest Of Event (ROE) — MODEL
INDEPENDENT SEARCH.

* Reject background (mainly QED radiative processes) by applying
a signal-like selection on the distribution of the transverse

momentum of the dimuon candidate

* Optimize the selection criteria on both MC simulation and data

* Extract the signal yield by fitting the
recoil mass distribution, in each
mass bin defined for the simulated Z’

MasSsSes.

Belle 1l detector, 3D view
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g g R et | gy 800 50 SRR L G ated and
">9- 350 sigmat 00631 % 7005 sigma1 {_0.02252,0.00053 Imulated an
@ - . = B40 +
g 3000 S|gna| MC, E.:‘;..z o’j?f?’;ﬁﬂ,ﬂ g B El‘;ﬂmz o.nmsio.x reconstructed 10k
q - Evi2 4736 £ 4962 | T 600 Si | MC E;um :::: :;1:52; '
2 20 1 GeV dome  oamscomse | £ oL 8Na , e s9-0127 | ayents for several Z
200 a0 D GeV 34 masses between
s (no ISR) J\ a00f- S 0.1-10 GeV (1 GeV
100k - (no ISR) : . |
: / 200t - step size) assuming
50 = e
: K A 100 |  for the detector the
00 04 06 08 1 1.2 1.4 16 1.8 2 04. ) 48 49 5 5.1 2 3 4 Phase 2 geometry.
M, [GeV/c?) M, [GeV/c?]
- To be done: study the signal shape with Initial State Radiation (ISR) effect
included — signal component in final fit will be modeled by a Crystal Ball function
3 250 Entries 3515 > 400 Enties 361
=7 Mean 2102 s s o
g - Std Dev_ 0.2334 535[):_ gtd Dev 0512;2
€ 200(— onal MC 9 Ge\/ | c e e et e e e e e e en £ E ]
s I Signal MC, 2 GeV :E d g Signal MC, 5 GeV
150 Tail from : XpeCte WOI’SG: 2501 Tail from
L . ! . ' C .
o ISR plugin : resolution at ; =% ISR plugin
- ' ! 150 —
x / ' lower masses + _F
so— | Hy ] et e e eee e e ere e 1 -
C sof-
ok A I IR ST RS e SRS hr C
1.6 1.8 2 22 24 26 ?.8 3 o~ | 1 L y b
Recoil_mass [GeV] 4.6 48 5 5.2 54 56 58 6
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4

Background Rejection

* Backgrounds mainly from radiative QED processes: 10

fbl have been generated for each MC samples of efe—
HA(Y), ete— TT(Y), ete— Wiete
Reconstruction criteria:
1) ONLY 2 tracks coming from the interaction point (IP)
and being identified as muon with a Particle

Identification (PID) probability >0.9, kinematically fitted |§

to a common vertex with a X2 probability > 0.1%

2) Exploit the close kinematic of lepton colliders and

compute the recoil four momentum against the dimuon

candidate in the center-of-mass (CM) frame. Belle 11 detector, xy (transverse plane):

: . : event display of a real event
3) Require the recoil momentum to point the central pay

region of the ECL (best hermeticity) and ask for NO
PHOTONS detected within a 15° cone

reconstructed from Phase 2 data.

4) Nothing in the Rest Of Event (ROE)

L.Zani — Doctoral Thesis project — Pisa, 10/10/2018 17



* The transverse dimuon momentum Z °e

Event /[10 MeV/c?|

Vic

s/

pT,, provides a good signal- 3::?:
background separation and the o.osg—
requirement pT > 1 GeV/c reject :::é:
most of the ete— W U(Y) o:ozi—

background peaking at low mass.

o ool

108 == Entries 1275868 |{ Entries 115409 H B 5a MC (10 fb_I)’ e
= B =G M (10, Tt (y)
A Entries 1089906 B Bamc 10 fb_b’ cerH
10* - Mean  0.2775 BG MC (10 fb'), Al
- Entries  63901| | ======= BG MC (10 fo), All, p >1 GeV/c
B Mean 5.605
10° Entries 122061
Mean 7.86

—i
o
™o

10

8 9
Recoil Mass [GeV/c?]

BKG: ee — ppy + ee — 11y + ee — eeup
Background Signal, M, = 2 GeV/c®
Signal, M, = 4 GeV/c?
Signal, M, = 6 GeV/c?

Signal, M, = 8 GeV/c?

The average background

reduction is ~91%

* Still contamination from ete— T+T-(Y)

* Further discriminant variables and

selection optimization is needed
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e

Selection Opt

mization

* Optimization strategy: maximize the
Punzi Figure Of Merit,

Punzig,, = €(t)/(a/2 + /B(t))

* Independent from unknown signal
cross section and allows to optimize
the significance (a, in unit of O)

ensuring the coverage of the desired
Confidence Level (CL)

* Function of the applied selection

requirements t, mass bin-dependent

— Preliminary studies: optimized P

selection per each mass bin

L.Zani — Doctoral Thesis project — Pisa, 10/10/2018
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M, =2 GeV/c?
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(=]

(%]
IIII|III]]]]IIIIIII[IIII|I

M, = 4 GeV/c*
mass bin [3.88, 4.12] GeV/c’

_JJJJ]JJJJ]ljlllIJ“IlIlJIlIlJI|II
0 05 1 1.5 2 25 3
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* The 90% CL upper limit is calculated as a basic Poisson counting experiment, considering background
that survives all the selection criteria (not Punzi-FOM optimized yet!) per each mass bin.

Sensitivity curves assume an Belle Il sensitivity for Z'— invisible
——— Bellell 20 b :
1 ——— Belle 11 20 fb", BF[Z'—> x ¥]=1 |
82% from MC simulation and s | Belle Il 2 ab™

: Belle Il 2 ab™!, BF[Z'~> % Z]=1
| ——— Belle 11 50 ab

average trigger efficiency of o

i |

i B Lo e |
1

= .

a signal efficiency dependent

......

l 0 ! gy |
on the Z' mass, between 12% ——— Bellell50ab", BFZ— x 71| | ]

at 1 GeV and 1.2 % at 8 GeV. N | | 1 I I 1

....................

....................

The mass bins are centered in == —gmim . T o T

a given Z' mass
hypothesis+-30, with O the

"
standard deviation of the N e

..............

modeling of the Z' mass

e B TN E A

| [ T -, o N 1 p— - S s 9 8 R A L i Boatad 1

distribution in signal MC 10° 10 " ' M, [GeV/c?]

(simple Gaussian).
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Commissioning data are the first collected with a new detector at a new accelerator — good test for the
experiment performance, but need to be understood! To reconstruct data (Phase 2, ~0.5 fb-!) we had to

release some reconstruction criteria: f e e e e e e e e e e e e e e e e e e e e e meemmmneeeaa :
|. M . . . 1
: . . " uon selection is based on calorimeter
> ONLY 2 tracks coming from the interaction Vo _ .
P b J o ) ' information: 0. < clusterE < 0.4 GeV, CIusterE/p:
oint and being identified as muon with a . .
P (IP) N & _ q < 0.25 — PID variable not available yet :
PID pro itted to a , _ _ :
. o 1* Only partial VXD detector installed — release .
common bility > 0.1% : _ :
' vertex fit :
§ E T ;.‘_' plr°|',5 —T T T T T T T ml.l.OI’\ZTheta -‘3 - T '_.'_' prOdls L recoi ITheta
2 0.025— Backaround MC: ot Entries 220559 «  0.05— Entries 220559
§ - g PHpY, Ty, eepp Mean 1.153 % - Background MC: ppy, tty, eepp Mean 1.073
0.02f— H+ — 3 004 —]
- 3 °© - -
0.015— — 0.03— ]
0.01— — 0.02:— -
0'005:_ —: 0.01:_ _:
O 05 1 15 2z 25 3 = 'r ' .
. . . 0.5 1 1.5 2 2.5
O —
= o - [$) 0.05 = y : —
- - : ;
= - 1 ¢ 0F =
L. -0.1 & - ' - 3
3 0 05 1 15 2 25 3 g E 3
0°° (u) [rad) S 0.5 1 1.5

Recoil angle [radj
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The goals of this thesis project are:

— Development of measurement optimization for Phase 3 (on MC

simulation)
— MC-data comparison on Phase 2

— MC-data comparison and performance/efficiency measurement on
Phase 3 data

— Systematic uncertainty studies

L.Zani — Doctoral Thesis project — Pisa, 10/10/2018

Most likely not possible
to include the final
measurement on Phase
3 data due to the
deadline of October 2019
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The goals of this thesis project are:

Most likely not possible

— Development of measurement optimization for Phase 3 (on MC to include the final

simulation)

C_MC-data comparison on Phase 2 >

— MC-data comparfson and performance/efficiency measurement on
Phase 3 data

measurement on Phase
3 data due to the
deadline of October 2019

— Systematic unceftainty studies

- What’s done: full MC simulation for Phase 2, preliminary selection defined, performance

on commissioning data tested

— small and flawed data set ~0.5 fb1, no standard PID available and collected only with
partial VXD, still crucial as proof of concept for the feasibility of this search at Belle II.
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simulation)

The goals of this thesis project are:

on commissioning data te

— small and flawed d:
partial VXD, still cruci

— Systematic unceftainty studies

sted

— Development of measurement optimization for Phase 3 (on MC

C_MC-data comparison on Phase 2 >

— MC-data comparfson and performance/efficiency] measurement on
Phase 3 data
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Most likely not possible
to include the final
measurement on Phase
3 data due to the
deadline of October 2019
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The goals of this thesis project are: _ _
Most likely not possible

— Development of measurement optimization for Phase 3 (on MC to include the final

simulation)

— MC-data comparison on Phase 2

— MC-data comparfson and performance/efficiency] measurement on

measurement on Phase
3 data due to the
deadline of October 2019
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Lorentz factor Beam current ol el e
\ \ / Geometrical
reduction factors
[ =t o, |LS.. — e
0.8-1.0
Zere s ) ,3 ] (0.8-1.0)
verucalhetafunctmnaup : I Tx 2 E
Beam aspect ratio at IP . B y 1 x 1/20 :
(0.01-0.02) e e e === p====-
KEKB SuperKEKB
| (A): ~1.6/1.2 | (A): ~ 3.6/2.6
B*, (mm): ~59/5.9 B, (mm): ~ 0.27/0.3
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Integrated luminosity

>
[

Peak luminosity

L.Zani —
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. 1|.00 (Iievl-zp{l:ecoip<5:.0{] IGeVI E After just ONE DAY of data taking!
&N 700 ] R i
g . —+ Data ﬁ - § 1.5_Belleﬂ o i ¢ det_...spb
T o0 gt = 8 - 2018(Prellm|nary)
2 - 7 ¢ 0.15 GeV
g s s Moy [ oE
@ Bellell 2018 (Preliminary)f . o 1or
400— elle (Preliminary) — 9..’ - —— Data } +
: 4 : - — B ¢ +
sooE ILdt:25o pb E .8 i 4 o.’
= 1, =0997 +0.001 - £ 05F o M
2005— E L . ”,“mo...w"
100 =4 I -
= B . = O.OI...IA..I...I...I...I
Q= s . 008 0.10 0.12 0.14 0.16 0.18
e | m,, (GeV/c?)
N Sl vk b
b 0.8 : —— GOOD CONDITIONS for DARK
E(ECL) / p(recoil) | SEARCHES
—ZUTT  ZUTS ZUTSs ZuzZu ZuzT zuvzz 2023 202«
SRR Tracking and cluster L1 trigger
1
ete—Y X
: Y : Bhabha veto L1
| 1
 ete—Y ALPS — Y (YY) " Single Photon L1 trigger




* Signal Signature:

— select events with a single, monochromatic, high

energetic /ISR photon

— Look for a bump in the reconstructed photon

energy E = (s — m2,)/2/s

— only one photon in the detector requires a

dedicated single photon trigger.

(@Belle was not available, ~10% BaBar data)

Trigger logic

L1 rate at full luminosity

E>1GeV
+ 2" cluster E < 300 MeV

4 kHz (barrel)
7 kHz (endcaps)

E>2GeV
+ Bhabba & yy vetoes

5 kHz (barrel)

Sustainable at Phase 3 full luminosity?
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* Discriminant variables: E*, GY

Signal MC

'_

. £=(30-400% |

30 40 60

80 100 120 140
04" (deg)

10*

10°

Events / bin
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* Background dominated by QED processes:

— ete —YY(Y) where one photon is not detected (ECL gaps) and the second out of acceptance

~ radiative BhaBha ete — e*e Y(Y) with the electron-positron pair out of acceptance.

| Belle I

Super conducting coil

. Belle I
! — T Background MC. 40 fb!
r conducting coil 3 H after selection
...... s i LTSRN R R =] _ 6.0
s 1 S| ~e— 8
coe g \
LN _PXDI2 layers) 255 ;EO %
. 3 — 5 O] U WO R R L. N — S -
e e e Lo— ] 10% 2 1y in ECL BWD or FWD gap
ee—2y and 3y 0

1y in ECL 90° gap

1y out of ECL acceptance 350 .
> | Bellell
2.5 o SRR e [ L — rj‘.ﬂf’ll‘fu{jlmg coil . ']'|
80 100 120 140 i
6L (deg) i g8
]

ee—eey
both electrons
out of tracking acceptance

ete —VVY negligible Ty in ECLBWD gap

1y out of ECL acceptance
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1 -13 2\ we < o® Pt _—
J. Alexander et al. (2016), 0 Sc e Cabt .-~ LDMX1@4GeV =
arXiv: 1608.08632 _ 309" LDMX2@8GeV —
Natalia Toro, _ - Rl L
private communication 2017) 0 15 — .- o= 0.5 =
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1073 1072 107" 1
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Axion Like Particles are pseudo-scalars

coupling to bosons

Unlike for QCD Axions, there is no
relation between the coupling and the

Mass

Explored photon coupling g, in ALP-

Hook (2015), arXiv:1411.3325

a
&

ALP-strahlung N

B> 20 aF,, F*

strahlung processes (photon fusion: 1

sensitivity under study) 0.100}
0.010}

[pb]

T=1/mz2g,, | 'S 0.001}

1074}

107®

Photon fusion \
ALP-strahlung [

0.1
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astrophysics

[oaz=0]
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1 0'4 102 1072 1071 100 1C
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With coupling to Z

HEP(2017)17:94. .,

_______________

astrophysics

L ) llllll'l

I gayz = -2 tan ew gayy

o..
.

m, [GeV]
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* Reconstruct the recoil against a
M- pair and looks for a peak in
the recoil mass spectrum.

(Additionally require nothing in

the rest of event)

* Simulated and reconstructed

several Z' masses between 0.1 -10

GeV

* Backgrounds mainly from radiative

QED processes:

ete” — ptp~
ete > 7t7™

ete” - ete ptp™

Belle Il sensitivity for Z'— invisible

> [ — Bele 1120 fo’ ,
{ ——— Belle 1120 fb”', BF[Z'> % 7)=1 |
yo1 || — Belleli2ab’
| ——=— Belle ll 2ab", BF[Z'> y ¥]=1
| ——— Belle 11 50 ab™'

| ——— Belle 1 50 ab”, BF[Z'> x 7]=1|

------ el mes a3 B 4 i B il
' ' ' )

102k

107°

..............  SRTTSTITTY (NIRRT DOTEN Y O O - ll

107 102

violating Z’:

M,. [GeV/c?)

* Furthermore, it will be possible to search for a Lepton Flavor

LFV Z’ (e coupling)

ete > e*wz’ ;72 - invisible
etee>e*uwz ;72 - e*uw (noSM background)
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What if symmetries of SM are not kept in the Dark

Sector?
What if DM violates Lepton Flavour? ¢ ¢
One can imagine, for example, ep coupling
_I_
i
N o oy e - Ths
ete > ety 2’ ;72 > invisible € N
.
Dominant background: e*e” = t*1t" (y), T° > puetvv A XV, €

etee>etuz2 ;2 >etyw +c.c.
no SM background
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— exploit charge conservation and kinematic constrains on simple (= with a well

recognizable topology) T-pairs events to deduce the existence of a track. “Track finding efficiency in
BaBar" https://arxiv.org/abs/1207.2849

BaBar strategy was based on Tau31 events selection: e-

- one T is required to decay leptonically (17.36%), the other semi-
leptonically to a 3-prong final state (14.56%) — 5% of total events
* Tracking efficiency:
- exA = N4/(N3-+N4)

* N4 = Tau3l events where the 4t track has been found

RO

* N3 = Tau31 as reconstructed in the 1+2 selection (further details in the next slide)
where the 4th is not found.

* MC-data difference in tracking efficiency is then given by:
-A=1-¢g,/¢

data

With € the tracking efficiency evaluated respectively on MC/data, including the detector

acceptance A.
L.Zani — Doctoral Thesis project — Pisa, 10/10/2018 37


https://arxiv.org/abs/1207.2849

	Slide1
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21
	Diapositiva 22
	Diapositiva 23
	Diapositiva 24
	Diapositiva 25
	Diapositiva 26
	Diapositiva 27
	Diapositiva 28
	Diapositiva 29
	Diapositiva 30
	Diapositiva 31
	Diapositiva 32
	Diapositiva 33
	Diapositiva 34
	Diapositiva 35
	Diapositiva 36
	Diapositiva 37

