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Radiative b-decays

Radiative b-decays are Flavor Changing Neutral Currents (FCNC), only allowed
at loop level in the Standard Model.

But, why are they interesting?
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Radiative b-decays are Flavor Changing Neutral Currents (FCNC), only allowed
at loop level in the Standard Model.

But, why are they interesting?
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e Transitions highly suppressed by
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o CP asymmetries
o Photon polarization
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Radiative b-decays

Radiative b-decays are Flavor Changing Neutral Currents (FCNC), only allowed
at loop level in the Standard Model.

But, why are they interesting?

w
e Transitions highly suppressed by
the SM.
e Observables very sensitive to
b S .
5 S 9 beyond SM physics.
q °

Probe NP at higher energy scales.

Test the SM through precision
y measurements.




Theoretical framework

These transitions can be described by effective field theory using the
operation product expansion.
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Theoretical framework

These transitions can be described by effective field theory using the
operation product expansion.

At leading order:

4G E
Hepr = —
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Electromagnetic operators: O, O (long-distance)
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Wilson coefficients: Cr, C’ (short-distance)
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Theoretical framework
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Theoretical framework

These transitions can be described by effective field theory using the
operation product expansion.

At |eading order: left-handed right-handed
o L1
Hepp = — Vs (C:O7 + CLOL)

V2

In the SM the electroweak interaction only couples to left-handed quarks.
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Theoretical framework

These transitions can be described by effective field theory using the
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At leading order:
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Theoretical framework

These transitions can be described by effective field theory using the
operation product expansion.

At leading order:

4G )
Hepr = —

' Vis (CrO7 + C;
\/5 ts (CrOr -)

In the SM the electroweak interaction only couples to left-handed quarks.

New Physics models can enhance right-handed currents, making these
transitions very sensitive.
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Photon polarization

The SM has a clean prediction of the photon polarization:

N(yu) = Nw) _ 1=
N(vz) + N(yr)  1+]r[?

Ay =

How to measure it?

e (P asymmetries

e Angular distribution:

o Hard in b-meson decays.
o Baryonic decays have cleaner access.

15



Photon polarization

The SM has a clean prediction of the photon polarization:

. :N(VL)—N(’YR>:1—|7“|2%1 |7“|:—§~
" N(yw)+N(ywg) 141

How to measure it?

e (P asymmetries

e Angular distribution:

o Hard in b-meson decays.
o Baryonic decays have cleaner access.

Measurement of the photon polarization in A_—Ay (LHCb)
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The LHCb experiment

Single-arm forward spectrometer at LHC. /

e bb cross-section: ~10° nb

o]
SPD/PS M3

RICH2 g M2

M4 M5

e Small efficiencies (acc., reco.)

e All kind of b-hadrons
807 857 /\b7 Eb

e B-hadrons boosted




The LHCb experiment

Single-arm forward spectrometer at LHC. /

e Momentum resolution
o 04-0.6% at 5-100 GeV.

ECAL HCAL
SPD/PS M3

RICH2 g M2

M4 M5

e Kaon ID eff; 95%
o 5%z — Kmiss-ID.

e E resolution for photons:
o 1% + 10%/VE(GeV)




The A, —/\y decay

Cannot be measured in B-factories (BaBar/Belle).

Currently only LHC has access to this kind of decays.

Observation by the LHCb experiment using 2016 data. ehys. rev. Lett. 123, 0318011

B(Ay — Avy) = (7.1 £1.7) x 107°

Ab—>A’7
A — pr

Exploits the weak decay of the A,

20



https://link.aps.org/doi/10.1103/PhysRevLett.123.031801

The A, —/\y decay

Very challenging to measure:
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The A, —/\y decay

Very challenging to measure:

e Aislong lived.
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The A, —/\y decay

Very challenging to measure:

e Aislong lived.

e No photon direction in LHCb.
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The A, —/\y decay

Very challenging to measure:

e Aislong lived.
e No photon direction in LHCb.

e NO /\b vertex (SV).

Both A, y leave no hits in
tracking detectors.
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The A, —/\y decay

But, has direct access to a, Via angular distribution

dl’
d(cos O, cos )

o< I—apy Py, cos 0c08 0

— Oty (ozA cos Oy — Py, cos QA)

A

p
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The A, —/\y decay

But, has direct access to a, Via angular distribution

dl’
d(cos O, cos )

o< I—apy Py, cos 0c08 0
— Ly (ozA cos Oy — Py, cos QA)
Integrating over the angles:

dl’
d(cos 6))

dl’
d(cos Op)

X 1 — ay Py, cos Oy

o< 1 — ayapcos by
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The A, —/\y decay

But, has direct access to a, Via angular distribution

dl’
d(cos O, cos )

o< I—apy Py, cos 0c08 0
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Integrating over the angles:
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The A, —/\y decay

But, has direct access to a, Via angular distribution

dl’
d(cos O, cos )

o< I—apy Py, cos 0c08 0

— Ly (ozA cos Oy — Py, cos QA)

Integrating over the angles:

al 1 P X 0
d(cos 01 x 1 — ozy/ﬂbcos A
al’
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d(cos Op)




Strategy

e Reconstruct and select events

e Extract signal and background yields

e Effects on 0, acceptance and resolution
e Extracta; fit cos 0,

e Interpretation of the results
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Reconstruction and online selection un 2 date

2016, 2017, 2018

How do we reconstruct such a tricky decay?

a) Aislong lived.

b) No photon direction

c) NOA, ytracks
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Reconstruction and online selection un 2 date

2016, 2017, 2018

How do we reconstruct such a tricky decay?

a) Aislong lived.
Only use A decaying on the VELO (long tracks)

b) No photon direction
Photons reconstructed as calorimeter
clusters pointing at the PV.

c) NOA, ytracks
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Run 2 data

Reconstruction and online selection

2016, 2017, 2018

How do we reconstruct such a tricky decay?

a) Aislong lived.
Only use A decaying on the VELO (long tracks)

b) No photon direction
Photons reconstructed as calorimeter
clusters pointing at the PV.

c) NOA, ytracks

Do not reconstruct SV, direct sum of
A and y momentum

34




Run 2 data

Online selection

2016, 2017, 2018

Online selection:

1) Large transverse energy photon

2) A charged track with high transverse
momenta and large impact parameter

3) Specific selection

35




Offline selection

Goal: Further separate signal from background candidates.
Based on simulated signal events.

e Loose selection.
e Multivariate Analysis: Boosted Decision Tree (BDT).

But, need to make sure simulation and data are in agreement.

e Kinematics of mother particles are usually mismodeled (A)

Correct for these discrepancies using control channels (A _-> pK /()

36



Multivariate classifier: BDT

Disentangle signal from combinatorial

BDT output

background. = ——

I Bkg Train

. . . 20 { { SigTest

e Simulation as signal. 1 BkgTest

e Data sidebands as background.

e Use kinematic and geometric variables £
e 2-fold technique and tests for biases )

How do we define a the best output?

%.0 0.2 0.4 0.6 0.8 1.0

F.0.M based on pseudo-experiments maximizing the
sensitivity to the photon polarization ()
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Multivariate classifier: BDT

Disentangle signal from combinatorial

BDT output
background. = ——
. . . . T i sote
e Simulation as signal.  § BkgTest
e Data sidebands as background.
e Use kinematic and geometric variables Signal
e 2-fold technique and tests for biases efficiency

How do we define a the best output?
weew | P Background

F.0.M based on pseudo-experiments maxi rejection
sensitivity to the photon polarization ()
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Strategy

e Reconstruct and select events.

e Extract signal and background yields
e Effectson 0, acceptance and resolution.
e Extracta; fit cos 0,

e Interpretation of the results.

39



Yield extraction: Modeling

Extract yields using an invariant mass fit to A_ in data.

Three components:

40



Yield extraction: Modeling

Extract yields using an invariant mass fit to A_ in data.

Three components:

-~ pe—————————————————
E 5000 o = 23950030
. " u o, = 1.458 +0.050
e Signal g e
. z - n, = 0.524 +0.056 N
= Simulated events. s f
" 3000 - 6= 9316+0.71 MV ]

= Double sided Crystal Ball




Yield extraction: Modeling

Extract yields using an invariant mass fit to A in data.

Three components:

— T T T T T[T T T}

E 5000 — @ = 23950040
. " E o, = 1.458 +0.050
[ ] S Igna | ; 4000: p: 5615.18 +0.76 MeV
. z - n, = 0.524 +0.056 N
- Simulated events. 2 f
o 3000 - o= 9316071 MeV |

- Double sided Crystal Ball g

e Combinatorial

-=> Data from side bands.

- Exponential



Yield extraction: Modeling

Extract yields using a invariant mass fit to A_ in data.

Three components:

e Partially reconstructed background

Events / ( 32.5 MeV )

- Ab_)/\ n (Nn—vy)

- Simulated events 2o§

p= 007011
o= 167.0£85

e=414%17 H
m, = 5374561 £ 0.062

- Convolution: Argus x Gaussian O PATNAAS NN N

43




Invariant mass fit

Events / (45 MeV )

300

250

200

150

100

+ BKG = 6392 + 102

Eta= 81£37

Signal = 477 £47

M= 5605+ 12 MeV

t =-0.0008231 £ 0.000028
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Invariant mass fit

> 30k 0 T T 1 3
2 \ + BHG = 6392 + 102 ]
) N Et= 81+37 -]
; 20 TSR Signal = 477 +47 .
g o > 14 5605 + 12 MeV 7
2 200 — + t=£0.0008231 + 0.000028 |
Mass window s [e] ¢
centered around iwE B E
A_mass : ]
> S0 L9 '{"-%
Niga 444 :I: 44 0 Lrmapeaeyenesd Eesasizin Ab Il\/[as‘s (I\./Ie\}) T T
28 — A S —e
]\;Cg"fb 1460 + 23 F
D0
N A0 Ay 10+ 4




Strategy

e Reconstruct and select events.

e Extract signal and background yields
o Effectson 6,: acceptance.

e Extracta; fit cos 0,

e Interpretation of the results.
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Angle 0, effects: Resolution

What is the effect of the detector on the Hp distribution?

47



Angle 0, effects: Resolution
What is the effect of the detector on the Qp distribution?

Simulation samples also reproduce detector response:
Resolution = gjeasured — oot

(7]

Computed in four bins of cos 6,,. G
. 2/ ndl 81.58/40
“00— o + :| 307.8 £ 40.9
Model: double-Gaussian. il =P i o MEmaa
1200| — Gauss 2 A; 1026 + 36.8
—— Global Fit 0.0006592 + 0.0001898
1000/= 0.008725 + 0.000343

Parameters:

Uy o ~ 0
01,07 ~ 0(1%)

Num. entries

Angular pseudo-experiments: % o %
Resolution not relevant



Angle 0, effects: Resolution
What is the effect of the detector on the Qp distribution?

Simulation samples also reproduce detector response:

Resolution = 0;,""“‘“"’" - Bf,en

Computed in four bins of cos 6,,.

2 ndl 81.58/40
A, 307.8 + 40.9
", 0.002752 + 0.000385
0.01954 + 0.00072

A 1026 + 36.8
K, 0.0006592 + 0.0001898
0.008725 + 0.000343

Model: double-Gaussian.

Parameters:

L ol TR P | . L
-0.1 -008 -006 -004 -0.02 0 002 004 006 008 0.1

6p

Resolution not




Angle 0, effects: Acceptance

What is the effect of the selection on the Hp distribution?
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Angle 0, effects: Acceptance
What is the effect of the selection on the Hp distribution?

Measured 6, distribution after selection divided by theoretical 8, distribution.
Extracted from simulation samples.

cos Gp

Model: 4t" order polynomial

Arbitrary Units

Angular pseudo-experiments:
Important effect

»
E
r
-
=
L
—
-

Agreement between simulation —  HonEh

and data cross-checked using - :
A > AJ/y S - B—

51



Angle 0, effects: Acceptance

What is the effect of the selection on the Hp distribution?

Measured 6, distribution after selection divided by theoretical 8, distribution.

Extracted from simulation samples.

Model: 4t" ord

Angular pseud

Non-negligible
- Need modeling
- Need control channel

COS Gp

Important effect i
04F
02k |
Agreement between simulation S
and data cross-checked using 0 T ———
A = A/ e B - R
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Strategy

e Reconstruct and select events.

e Extract signal and background yields
e Effects on 0, acceptance.

e Extracte; fit cos 0,

e Interpretation of the results.
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Angular fit

S
[(ay;6p) =

B
[Fsig(“y? Hp) 'A(ep)] + ) [Fbkg(ep)]
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Angular fit

‘ :

[(ay; 0,) = S [Tsig(ay: 65) - A(6)] +

+
)

Yields: S, B

E

[Fbkg(gp)]
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Angular fit

S
[(ay; 0,) = S1B |Fsig (a3 6)

Yields: S, B

Signal shape:
dl’

d(cos 0p)

o< 1 — ayapcos by

B
' A(Hp)] + S+ B [Fbkg(gp)]
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Angular fit

S
F(O‘Y; 910) ~S1B [Fsig(ay; Qp) '

A(Qp)] + [Fbkg(gp)]

S+ B

Yields: S, B

Acceptance: A(@p)

Signal shape:
dl’

d(cos 0p)

o< 1 — ayapcos by



Angular fit

S B
F(O‘v' p) RN [FSIg(“y’ ) A(gp)] +S+B [Fbkg(gp)]

Yields: S, B

Signal shape:
dl’

d(cos 0p)

Acceptance: A(@p)

o< 1 — ayapcos by

Background shape

Missing




Angular fit: Background

cos 6,
Background shape from data: s |+ g
* Low mass side band (LMSB) s FY E
* High mass side band (HMSB) w0E e
Model: 4t order polynomial. 05 .
OEI N N L N T '§
2 018 — .Cvo‘sle'pv — _5—_1 — .—(;.5. — (l) — ‘0151 — ‘|
E 0.16F :f: LMSB 3
E" 0_14;£: :F HMSB _i
E ok 3 .
z ik :*;i E A?, — An background candidates:
0.08F 4 3
0.06F- g 3 * No theory prediction.
SEE E  Very small contribution.
2- I I Proton Hlelicity Angl; b Compatlblllty between HMSB and LMSB




Angular fit: Background

> 30 T T T

§ \ BKG = 6392 + 102 =}

) + Eta= 81+37 ]

; 250 Signal = 477 47 -

Background shape from data: z  F = 5605+ 12 MeV .
5 2 200 t=-0. +0. —

* Low mass side band (LMSB) & : ' R ]
* High mass side band (HMSB) sof- e -
1005— —E

: 50 4 4

Model: 4t order polynomial. ]
1 . | peeeci]]
0 A, Mass (MeV)
cos 6, 5 —

2 08T T oOE
§0E
5 016 LMSB r . L R L
2 0.14 ;i: :i: HMSB 3 5000 5500 6000 6500

I =
2 012F I

£ F =4 3 A? - An background candidates:
2 0.1 _+_:*: - b n g

0.08F —z

0.06F- 4 3 * No theory prediction.

0.04F :t: = . .

002f- e * Very small contribution.

05 I I Proton Hlelicity Angl; b Compatlblhty between HMSB and LMSB




Angular fit: Validation

2400

2200

2000E

1600F

Validate: Pseudo-experiments (20000) o

lg(o)g:

o

Generate a, = 0,0.5, 1 “3§
Pull asymmetric behavior when a, - 1. EE T ] awf

Z 1600 y R

1400 B 1400

1200 E 1200

dF 1000 | 1000

800F E 800F

————— o 1 — ayapcos by ot ;o

d(cos Op) o i 2

0= 0 i 9

(L’

Negative p.d.fat ), > |—| ~ 1.326 gl ] oo

aa 3 1800 3 :288:

:Zgg: E 1400

1200F E 1200

Validation with a cut-off. o0 1 ‘b

600E E 600F

400F 400F

200E E 200F

0 + + 0




Tagged measurement

Same price, a tagged measurement:

Events / ( 45 MeV )
&

S s M —— 7
BKG = 3354271 =

Eta= 35420 ]

TN Signal = 250 + 34 B
N p= 5607 £ 16 MeV =

[ 1= -0.0008471 + 0000038 |

The charge of the
proton tag the decay o

40 .
20 H;
0 - ro | PRI 0 . 1-"
A, Mass (MeV)
ST T T
0] SN YT ST S
5000 5500 6000 6500

Events /(45 MeV )

BKG = 3054 £ 68

Eta= 31+ 19

Signal = 226 + 33

W= 5602 £ 20 MeV

1= -0.0008020 + 0.000039

...........

-~ |
A, Mass (

MeV)




Systematic uncertainties

Systematics are computed using pseudo-experiments.

Main sources:

Acceptance and background shape
Yield extraction
a, uncertainty

Systematics

Acceptance  MC limited size  0.040
Model 0.005
Kin. weights 0.037
Background Data limited size 0.114
Model 0.014
Yields 0.035
ap 0.023
Total 0.134
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Systematic uncertainties

Systematics are computed using pseudo-experiments.

Main sources:

e Acceptance and background shape
e Yield extraction
e ¢, uncertainty

Main systematic from background size.

Dominated by the statistical uncertainty.

Systematics

Acceptance  MC limited size  0.040
Model 0.005
Kin. weights 0.037
Background Data limited size 0.114
Model 0.014
Yields 0.035
ap 0.023
Total 0.134
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Systematic uncertainties: Tagged

Systematics are computed using pseudo-experiments.

Main sources:

e Acceptance and background shape
e Yield extraction

Tagged sample, more

e ¢, uncertainty

Main systematic from background size.

of the same
Systematic source o (part) of (anti)
Acceptance MC limited size 0.038 0.047

Model 0.023 0.024
Background Data limited size 0.128 0.107

Model 0.125 0.105
Yields 0.035 0.035
ap 0.076 0.062
Total correlated 0.133 0.117
Total uncorrelated 0.152 0.129
Total 0.202 0.174

Dominated by the statistical uncertainty.
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Results

Oéfy:

0.82 £ 0.23

~— 200
S 180
S~

% g
£§ 120
2

£ 100

60
40
20

IIIIIII|.|IIIIIIIIIIlI\‘IIIIII

—3—

6 fb’!

—+— Data

— Total

LHCb

.......

(Eliy

66



Results: tagged

ay = 0.82 4 0.23

:\200:—'

S I80F
NN
8 130}
= 120F
%um?

60F

40 -

20F

C — Total
e T + ...... Signal

LHCb
6 fb! 3

—+— Data

-1

o C UL
9100'—.{. LHCb 1
7 | 6 fb!
A A 5 80p R
b — Y T o
@) r
av_ =1.264+0.42 wE : + ]
20% ................................... _:
L IR
cosd,
= [T T T T
< 100}
. . g 802
Ab — A"}/ g 60;____
ol =—055+£032 “F
20f
U

67




Strategy

e Reconstruct and select events.

e Extract signal and background yields
e Effects on 0, acceptance.

e Extracta; fit cos 0,

e Interpretation of the results.
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Physical interpretation

Photon polarization is physically bounded between -1 and 1.

Need to translate the result of the fit to a physical measurement, use
Feldman-Cousins technique.
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Physical interpretation

Photon polarization is physically bounded between -1 and 1.

Need to translate the result of the fit to a physical measurement, use
Feldman-Cousins technique.

a, True

Measurement 0.5

a, = 0.82%337 (stat.) *3-93% (syst.)

1
a, Fit




Physical interpretation: tagged

Photon polarization is physically bounded between -1 and 1.

Need to translate the result of the fit to a physical measurement, use
Feldman-Cousins technique.

a, > 0.56 (0.44) at 90% (95%) ay = —0.56%03% (stat.) ¥3:45 (syst.)




Constraints

The Photon polarization places additional constraints to the Wilson coefficients
Ci

N(ye) =N(wr) _ 1—]rf? Cr
Cr

N(y)+N(yr) 1+|r]?

j | 1 | Constraints at 1o
] — A) > Ay
0.25: 0.5: ‘ — B(B — Xsv)
1 1 B® — K20y
] f 1 | — B4y
4 - 1 e OO

77
| &%

7| =

Qy =

czf—\ o
fog Z{).\ i BY - K*0¢te~

E/ 5 == Global no A) — Ay
— m == (Global

—0.25

flawo i flavio v23.0

—0.50 T -1.0 +—+—v—v—r—"1—"—1—r— T s
—0.50 —0.25 0.00 0.50 ~1.0 —05 0.0 0.5 1.0

Re(CINP) Re(CNP)
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Outline

1. Framework: Radiative b-decays

2. Angular analysis of A —Ay at LHCb

3. TDCPV analysis of B°-K n'rry at Belle

4. Conclusions
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Observable: Time-dependent CP asymmetry

TDCP asymmetry is sensitive to the photon polarization.

= Interference of the amplitudes of B decaying into a CP eigenstate
emerging as a result of the B oscillation.
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Observable: Time-dependent CP asymmetry

TDCP asymmetry is sensitive to the photon polarization.

= Interference of the amplitudes of B decaying into a CP eigenstate
emerging as a result of the B oscillation.

I (By,—5(At) = fop) — T (Biag=B(At) — fop)
r (Btag:—B(At) — fCP) +T (Btag:B(At) — fCP)
= S - sin (AmyAt) — C - cos (AmyAt)

Acp =
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Observable: Time-dependent CP asymmetry

TDCP asymmetry is sensitive to the photon polarization.

= Interference of the amplitudes of B decaying into a CP eigenstate
emerging as a result of the B oscillation.

./4 L I (Btagzﬁ(At) — fCP) = I (Btag:B(At) — fcp>
CP —

r (Btag:F(At) — fCP) + T (Btag:B(At) — fCP)
= S - sin (AmyAt) — C - cos (AmyAt)

Requires precise determination of the B flavor.
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Observable: Time-dependent CP asymmetry

TDCP asymmetry is sensitive to the photon polarization.

= Interference of the amplitudes of B decaying into a CP eigenstate
emerging as a result of the B oscillation.

I (By,—5(At) = fop) — T (Biag=B(At) — fop)
r (Btag:_B—(At) — fCP) + T (Btag:B(At) — fCP>
= S - sin (AmyAt) — C - cos (AmyAt)

Acp =

Requires precise determination of the B flavor.

TDCPV analysis of B°—K py—K mi'my (Belle & Belle I)
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Constraints on Wilson coefficient: C7

Split the m(nK ) phase-space to measure S-parameter and new constraints on the
Wilson coefficients prep 09 2019) 0341.

1.2}
1.0+
Okt/)

o~ Il: 0.8+

0.6¢

0.4: b N il
04 0.6 0.82 1.0 12

ntKg



https://arxiv.org/pdf/1802.09433.pdf

Constraints on Wilson coefficient: C7

Split the m(nK ) phase-space to measure S-parameter and new constraints on the
Wilson coefficients prep 09 2019) 0341.

Two new observables: ST = gf + Sj_
S =51_g!

1.2}
1.0+
Oktn

o~ Il: 0.8+

0.6¢

0.4: b ) i,
04 0.6 0.82 1.0 12

ntKg

79



https://arxiv.org/pdf/1802.09433.pdf

Constraints on Wilson coefficient: C7

Split the m(nK ) phase-space to measure S-parameter and new constraints on the
Wilson coefficients prep 09 2019) 0341.

Two new observables: ST = §/ + Sj_

S =5l_4g!
1.2}
10ab-"/8fb~" 50ab-"/22fb~"
1.0F t g T 7 1.07 . : o
1.0}
o
NEI: 0.8 5 S o
3 S 00
E E
0.6+
-0.5-
M VR TR Y T T -0 SICISINUTS. | . VEIOH FUTIIIITI
' : g X : 210 -05 00 05 10 210 -05 00 05 10
mn+K§’ Re(C/'IC7) Re(C/IC7)
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https://arxiv.org/pdf/1802.09433.pdf

SuperKEKB and Belle Il

SuperKEKB: e-e” collider - Y(4S)

e World Record peak
instantaneous luminosity.
4.7 x 103* cm=2s71

e Recorded 427fb"
(BaBar)

e New run started this
week after LS2.
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The Belle Il detector

General purpose spectrometer:

bb cross-section: ~1 nb

Hermetic, clean collisions

Mostly B, B”
Inclusive analysis, tau decays, ...

Excellent tagging power

Good reconstruction of neutrals

Belle Il Detector

KL and muon detector: J

Resistive Plate Counter (barrel)
=Scintillator + WLSF + MPPC (end-caps)

|

Csl(TI), waveform sam

EM Calorimeter:
Pure Csl + waveform sa

tification
agation counter (barrel)

electron (7GeV) g Aerogel RICH (fwd)

Beryllium beam pipe

[Zcm diameter y 7 \
[Vertex Detector //////é‘: §

2 layers DEPFET + 4 laye s D

o 3

I,

positron (4GeV)

/'/’/’/}/{/5//”“
V

Central Drift Chamb
He(50%):C2Hs(50%), Small ce
lever arm, fast electronics

.

My
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Event Reconstruction

: Y y e
B L CP-side
0 O I/,r ___________
B°(B?)
Tt

Boost
direction

Tag-side
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Flavor tagger

B flavor is estimated BDT + Graph
Neuronal Network (GNN) based on
several flavor estimators (p,, N leptons,
etc...)

Flavor tagger output parameters

e Tag-B flavor: g=+1
e Confidence factor: r=1-2w
e Mistag fraction: w

Overall 37% effective tagging power

7000

6000 [ |

Candidates per 0.02

Belle Il simulation

5000

2000

.
__________________

-1.0

0.0
qrGriaT

L
0.5 1.0




Reconstruction and selection

Reconstruct the CP side first then the tag side with the Rest of the Event

Y(4S)

Tag side
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Reconstruction and selection

Reconstruct the CP side first then the tag side with the Rest of the Event

Pions: v
e Small requirements on the p,and PID. w
e Prompt pions used to reconstruct the B vertex. '
e Mass compatible withap(v70. B 2T
[

MVA: K_ goodness.

Y(4S)

Tag side
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Reconstruction and selection

Reconstruct the CP side first then the tag side with the Rest of the Event

Pions: v
e Small requirements on the p,and PID. w
e Prompt pions used to reconstruct the B vertex. '
e Mass compatible withap(v70. B 2T
[

MVA: K_ goodness.

Photon:
Y(4S)

e Energyrequirement 1.4 -4 GeV
e ?PID rejection.

Tag side
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Reconstruction and selection

Reconstruct the CP side first then the tag side with the Rest of the Event

Pions:
e Small requirements on the p,and PID.
e Prompt pions used to reconstruct the B vertex.
e Mass compatible with a p(770).
[

MVA: K_ goodness.

Photon:

e Energyrequirement 1.4 -4 GeV
e ® PID rejection.

Continuum is the dominant background. MVA trained using event-shape.
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Fit strategy

Tridimensional, simultaneous maximum likelihood fit with four components.
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Fit strategy

Tridimensional, simultaneous maximum likelihood fit with four components.

3-dimensions:

—_ 2
o M, = [y
([

AE = Eg—+s/2
AT (S,C)
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Fit strategy

Tridimensional, simultaneous maximum likelihood fit with four components.

3-dimensions:

—_ 2
o M, = [y

o AE= Ez-s/2
AT (5,0

Simultaneous:

e Two flavor
tagging bins
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Fit strategy

Tridimensional, simultaneous maximum likelihood fit with four components.

3-dimensions: Simultaneous:
e M = /fbeam/j_pgz e Two flavor
o AE= Eg-+52 tagging bins
AT (S,Q0)

4 components:

1. Signal

2. Self cross-feed
3. Continuum

4., Combinatorial B

physical background
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Modeling

Models for M, _and AE are extracted from simulated samples.

AE
Signal: DSCB
SCF: Chev(2)+Gauss
qq: Exponential

BB: Exp+Gauss

Events / ( 0.02 GeV )

Pull

a0 ¢ Simulated data
c —— Combined Fit
25 } -------- Signal
Fill | T 1 UNT | Self Crossfeed
PSR I T L B qq Background
BB Background

Events / (0.002 GeV/c*)

¢ Simulated data
—— Combined Fit }

........ qq Background
BB Background

.......................................
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521 522 523 524 525 526 527 528 529

.3
M, (GeV/c?)

Pull

2
0
4

5.

521 522 523 524 525 526 527 528 5

55 53
M, (GeVic?)

My
Signal: Crystal Ball
SCF: Argus+Gauss
qq: Argus
BB: Argus + Gauss
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Signal At modeling

e-1At/75
T(At,q==1) =

1 —gA 1—9
o (1 — gAw + qu( w)

+ [q(1 — 2w) + p(1 — gAw)] [S sin(AmgAt) — C cos(AmgAt)] @ Rae
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Signal At modeling

e_lAtl/TB
T ALg—=3T)=

P

27‘3

1 — qAw + qu(1l — 2w)

+(lg(1 — 2w) + p(1 — qgAw)]

[S sin(AmgAt) — C cos(AmgAt)] @ Ray

Flavor tagger parameters: q, i, W, Aw
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Signal At modeling

e_lAtl/TB

TiALg=F1]= o7

+ [g(1 — 2w) + p(1 — qAw)]

Flavor tagger parameters: q, i, W, Aw

(1 — qAw + gu(1 — 2w)

[S sin(AmyAt) — C cos(AmgAt))

® Rt

CP parameters: S, C




Signal At modeling

o-10t/75
T ALg—=3T)=

(1 - qAw + qu(1 — 2w)
27’3

+ [q(1 — 2w) + p(1 — qAw)] [S sin(AmgAt) — C cos(AmgAt)] ®

Flavor tagger parameters: q, i, W, Aw

CP parameters: S, C

Resolution: Finite precision of the detector in measuring the vertex position
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Signal At modeling

o125

+ [¢(1 — 2w) + p(1 — gAw)] [S sin(AmgAt) — C cos(AmgAt)] R Ras

TALg= 1] =

Flavor tagger parameters: q, i, W, Aw

CP parameters: S, C

Resolution: Finite precision of the detector in measuring the vertex position

R(&At; 0’) = (1 — foL)Rmre(ciAt; 0') -+ fOLROL(éAt; 0’)

Reore(0AL; 0) =(1 — frait) - G(OAL; timain - T, Smain - )
+ (1 = fexp) * frail - G(OAL; figait * 7, Stai)  0)
+ Jrail * fexp + GOAL; pigait - 0, Seait * 0)
® ((1 = fr) exp_(5At/c-0) + frexp, (—6At/c-a))
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Validation

Fit strategy is validated using pseudo-experiments
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o Events ¢ 0.0025 )

Validation

Fit strategy is validated using pseudo-experiments
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Outline

1. Framework: Radiative b-decays

2. Angular analysis of A —Ay at LHCb

3. TDCPV analysis of B°—>K 'ty at Belle

4. Conclusions
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Conclusions

- Radiative b-decays are very powerful to perform precision measurements of
the SM.

= LHCb and Belle Il are complementary and able to tackle different approaches
to the measurement of C, C..
e Radiative b-baryon decays are complementary to b-meson
measurements.
e New constraints to C,, C;/ using TDCPV asymmetry.
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Thank you
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