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@ Parity: is an event seen in a mirror as realistic as the original one?

® Time reversal: watching the film of an event backwards results in a
realistic event?

® Charge conjugation: can we distinguish matter from antimatter?

REL LIV S e
o\

TR "

3
B i 0 Gl f U AT O GEI I IT LTI e
ad = e 5 5575 % 5 I B 7 T A R R R

xR

parity

COOH HOOC COOH
(+) dextrogyre (-) lévogyre

e

Louis Pasteur and the
molecular chirality (1847-1856)

[polarized light & crystallography]

“Through the Looking-Glass, and 9
What Alice Found There”



@ Parity: is an event seen in a mirror as realistic as the original one?
® Time reversal: watching the film of an event backwards results in a
realistic event?

® Charge conjugation: can we distinguish matter from antimatter?

Anti-matter reactors/containers Ry Time reversal machines



- BigB ng: Préfou/ Anti-Préfou symmetrically created

v X

« Now : No More Antimatter : WHY ?
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« Now:No Mo?re Antima*tter : WHY ?
o
- Sakharov Conditions (1967)
B/L violation
Sphalerons ]

Explicit B violation
Explicit L violation
Other particle number violatio

ng : Matter / Antimatter symmetrically created

CP violation

rJ Sakharov

\ Conditions

New CP violation in scalars,
quarks, leptons

CP violation in a dark sector

Cosmological phase transitions
Out-of-equilibrium decays
Chemical potential

Out of equilibrium
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Now : No More Antimatter : WHY ?

g

Sakharov Conditions (1967)

B/L violation

.

Sphalerons
Explicit B violation
Explicit L violation
ther particle number violatio|

)

ng : Matter / Antimatter symmetrically created

CP violation

rJ Sakharov

CP Violation Observed in K mesons (1964, Cronin-Fitch)

In B mesons (2000, B factories : BaBar, Belle) EBABAR @

In D mesons (2019, LHCb) %’%

CP violation in a dark sector

7
New CP violation in scalars,
quarks, leptons

\ Conditions

Cosmological phase transitions
Out-of-equilibrium decays
Chemical potential

Out of equilibrium

17.4 m (57 ft)
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I Measured 45 2r events
| = | out of 22,700, or about
2 decay down to about 1in 500.

1/500 in 0.17y meters, for

speeds near light speed.

Expect only about
100
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ng : Matter / Antimatter symmetrically created

v X

« Now : No More Antimatter : WHY ?

e
- Sakharov Conditions (1967)

B/L violation
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CP violation in a dark sector

Sakharov

\ Conditions

Cosmological phase transitions
Out-of-equilibrium decays
Chemical potential

Out of equilibrium

- BUT CPviolation in standard model not sufficient to explain the absence of antimatter
--> Is there a New Physics Beyond The Standard Model ?
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CKM Matrix describes transition between quarks through weak
interaction -> main CP contribution to SM in quark sector

Its elements can be determined from experiment
-> Parameterization with 4 independent parameters



Unitary Equations and triangle :
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« CKM Matrix describes transition between gquarks through weak

3 3 ) : . T :

Z Vj VvV — Z Vo V*E —0 interaction -> main CP contribution to SM in quark sector
==« Itselements can be determined from experiment
- 8 y o Am@Am ] -> Parameterization with 4 independent parameters
E_§ 4 K Spring 21 _E
g sin2p suen. 3+ Goal: Sensitivity to BSM effects if Unitarity triangle different in
= = direct and indirect measurements
E_E ; VeaVi | o _E
- VuaVubl /o ' VeaVs, 1+ Thecurrent state of y measurements (CONF-2022-003-001) :
# VeV, 0 E : 3.5
g Ve ; | 1 |Direct : y=(63.8"32)° ->TreeLevel = Standard Candle
g a I : y. A .‘ T B. i g +0.9 \o
a w2 w2 e s o w |Indirect: 7 = (65.66"5¢5)" -> Loops / Pinguin diagrams

p
sk
_ V’de uby — e .
Y= afrg(— = a/r‘g(p + 277) = CKM Matrix complex phase = The parameter to access CPV !

VCd c>|l<) )


https://cds.cern.ch/record/2836208

Unitary Equations and triangle :

3 3
D ViiVii =3 ViV =0
=1 i=1

. . NP loop |Scales (in TeV) probed by
Couplings
order |Ba mixing| FE. mixing
|C5| = |ViaViy| | tree level 17 19
(CKM-like) |one loop 1.4 1.5
|Cii| =1 |tree level| 2 x 107 5 x 10°
(no hierarchy) | one loop | 2 x 10° 40

Vud Vus Vub 1 — %2 A A)\S(p o ’LT})
Vea Ves Vo | = —A — ’\72 AN?
Via Vis Vi AN (1 —p—1in) —AN 1

« CKM Matrix describes transition between gquarks through weak
interaction -> main CP contribution to SM in quark sector

- Its elements can be determined from experiment
-> Parameterization with 4 independent parameters

« Goal: Sensitivity to BSM effects if Unitarity triangle different in
direct and indirect measurements

- The current state of y measurements (CONF-2022-003-001) :

-> Test of global validity of the
CKM formalism in tree level
diagrams

Phys.Rev.D 89 (2014) 3, 033016

Direct : = (63.8732)° ->Tree Level = Standard Candle

Indirect : 7 = (65-66f81965)° -> Loops / Pinguin diagrams

« According to CKMfitter group, a 1° precision on direct measurement test

SM up to dozens of TeV energy scales :
-> Only possible in association of multiple analysis

o


https://cds.cern.ch/record/2836208
http://ckmfitter.in2p3.fr/
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.89.033016

Further details of the statistical procedure can be found in JHEP 12 (2021) 141

B.’ = we enter in a luminosity era enabling more precision

-EIQ 016 | T I T I T I T I T [ T | T 1
+| B B+—)Duh+, DU—)K;"!"! 7 T I T T T T
R L B B oD, D' —shha 3 II‘IQE]E&E i — PP, LLHCDb -
0.14 [~ | B0E 5D, D'—~ii'h™ October 2022 LH - 8 B Preliminary -
. P A1 B*—D°h modes ] — 0.8 __. B° October 2022—_
- - Beauty and Charm n |
0.2 - i ]
- " i 0.6 o
0.1 : ]
B — 0.4 —_
0.08] 1 T -
. - 0.2 N
006+ 1 0 .; y
30 40 50 60 70 80 90 0 i
P S — I N J/ [0] 60 70 80 90 o
= 100 LHCb : y 7]
- reiiminar -
90 - ' 3 _ 6 3 8-|-3.5 o | Compatible with the previous LHCb combination
soF 3 f}/ - ( . 3.7 In agreement with global CKM fit predictions
= l \ { * } g Most precise determination of Y from a single experiment
0F E Uncertainties still in the regime of statistical dominance -> Systematic uncertainties
50 3 account for ~1.4°
goB— 1 1 1] Most precise measurement from a single analysis : arxiv:2010.08483
I I A s I T e b .
O R N B* - D°K* with D® — K%+~ 11


https://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-CONF-2022-003.html
https://arxiv.org/abs/2110.02350
https://arxiv.org/abs/2010.08483
https://link.springer.com/article/10.1007/JHEP12(2021)141

Same final state D%=[D%/D°] |

- Relative weak phase y measured in the interference
between b - ctis and b - ucs transitions by favoured u
amplitude modulation W= 5

12



« Relative weak phase y measured in the interference
between b - ciis and b - ucs transitions by
amplitude modulation
-> Possible analogy with Young slits with a slit

thinner than the other

optical optical screen

SCTeen (front view)

monochromatic
wave
(e.g. alaser)

screen with
two slits

Same final state D%=[D%/D°] |

suppressed ;v " —_

favoured a o e D)0

K-

DK™ Kgsmmm

13



The Amplitude A g for the decay from B to final state (at a given point in the D
decay phase-space D )is :

Ap = A+ rge'VBt1) Al )
-> §, = strong-phase difference between B — DK and B — DK
> A (resp A) = Amplitudes for D° — f (resp D° — f)

_ |AB—>£5”'K|
|AB—>D“K|

> g —— Give sensibilityto Y

14



The Amplitude A g for the decay from B to final state (at a given point in the D
decay phase-space D )is :

Ap = A+ rge'VBt1) Al )
-> §, = strong-phase difference between B — DK and B — DK
> A (resp A) = Amplitudes for D° — f (resp D° — f)

_ |AB—},§UK|
|AB—>D“K|

> TR —— Give sensibilityto Y

The probability density for a decay at a pointin D : Pg = |Ap|? = |A|* + 13| A]* + 2rgR[A* 4’0517

As A*A = |A||A|e"%P we obtain : |Pg = P +1%P + 2V PPlz_C —y_S]| (2)

With : e y+ = rpsin(dp £7) o C = cos(Adp) o P = |A]
o v+ =rpcos(dp £ ) o S =sin(Adp) o P =|Al

Similar formalism for B~ with : A <> A and ¥ <> —7
15



y measurement depends on AS), the strong phase differencebetween D° — f (6,) and D° - f (6p)

0

Varies on Phase-Space of the 4-body decay D" — K’z n «

|

I use a similar methodto the one in JHEP 01 (2019) 82 ( ,from Resmi P.K thesis)
-> Binned map of strong phase from JHEP 10 (2018) 178 (Resmi P.K, J. Libby, S. Malde, & G. Wilkinson- )
+ BES III measurements up to come ! _ —
Bin Bin region mi, my
(GeV/c?) (GeV/ic?)
M+ o 52 My, 0.762 0.802
2 M pe0— A Mg & 0.790 0.994
Myt 50 & M0 0.610 0.960
3 myops Amges & 0790 0.994
M, 0 ~ m,- 0.610 0.960
4 M0 - A Mg 0.790 0.994
5 Mo A Mg 0.790 0.994
6 M0 o A Mceo 0.790 0.994
7 Myt 0 & M 0.610 0.960
8 M, o & m,- 0.610 0.960
9 Remainder - - 16



https://link.springer.com/article/10.1007/JHEP10(2019)178
https://link.springer.com/article/10.1007/JHEP01(2018)082

y measurement depends on Ad),, the strong phase differencebetween D° — f (6,) and D° - f (6p)

0 ' =h (KI- + ?*%ff + 2\ K Ki(cix— + S,,;y_))

Varies on Phase-Space of the 4-body decay D" — K’z n « i
l F_;" =h (f.,- + 15K + 2\ KiKi(ciry — siy+))
I use a similar methodto the one in JHEP 01 (2019) 82 ( ,from Resmi P.K thesis)
-> Binned map of strong phase from JHEP 10 (2018) 178 (Resmi P.K, J. Libby, S. Malde, & G. Wilkinson- )
+ BES III measurements up to come ! _ —
Bin Bin region mi, my
— . =" . . . 2 2
® K;and K; are fractionsof D°/D° inbin i (GeVic™) (GeVicT)
Myt 0 22 M, 0.762 0.802
e / isanormalisationfactor 2 mggn- ~mge-& 0790 0994
Myt 50 & M0 0.610 0.960
Ay o] 3 Mo Amges & 0790 0.994
o rp — [B2DUK O = cos(Adp) M, 0 ~ m,- 0.610 0.960
|Ap—spok| _ 4 mge mmge 079 0994
_ ) S = sin(Adp) 5 Mo+ A Myt 0.790 0.994
- Jp, |A1A|CdD 6 M 0,70 & Meo0 0.790 0.994
\/ [y, |A[2dD [, |A]?dD 7 My o &2 M 0.610 0.960
8 M, o~ m, 0.610 0.960
® T4 = T‘BCUS(53 * "}/) o Yt = T‘BS'?:?‘?;((SB + ’]/) 9 Remainder - - 17



https://link.springer.com/article/10.1007/JHEP10(2019)178
https://link.springer.com/article/10.1007/JHEP01(2018)082

y measurement depends on Ad),, the strong phase differencebetween D° — f (6,) and D° - f (6p)

_ - _ 2T T (i .
Varies on Phase-Space of the 4-body decay D° — K77 7% |[Li =P (K“ +rpki+ 2y KiKi(ciz— + siy- ))
l F;-" =h (f.,- + 15K + 2\ KiKi(ciry — Hiy+))
I use a similar methodto the one in JHEP 01 (2019) 82 ( ,from Resmi P.K thesis)
-> Binned map of strong phase from JHEP 10 (2018) 178 (Resmi P.K, J. Libby, S. Malde, & G. Wilkinson- )

+ BES III measurements up to come !

¢ ;and K, are fractions of D°/D" in bin i

o A2 ARRNRARRS i T | AR RARRS
. . . += | > — M gbestfitx, v} . = Py | M. (bestfitx, v)

e h isanormalisationfactor S e “ ot S+
o 1y — Anord g
- C' = cos(Ad [
|Ap_pok| cos(2dp) 0.1f

S = sin(Adp)

Jo, |AllA|CdD "
G = = = i
\/ [, |A2dD [, |A]2dD ol

Bin number Bin number
e 11 =rpcos(op £7) o Y+ = rpsin(dp =) 18


https://link.springer.com/article/10.1007/JHEP10(2019)178
https://link.springer.com/article/10.1007/JHEP01(2018)082

Goal of the Selection: Keep the maximum efficiency on Signal while putting aside most of the
Combinatorialand Physical background

Use of the reference mode B* — Dz that is topologically identical, statisticallymore interesting and less
sensible to CP asymmetry

BR(B* — D*) ~ 12.7 x BR(B* — D°K%)

19



Goal of the Selection: Keep the maximum efficiency on Signal while putting aside most of the
Combinatorialand Physical background

Use of the reference mode B* — Dz that is topologically identical, statisticallymore interesting and less
sensible to CP asymmetry

BR(B* — D*) ~ 12.7 x BR(B* — D°K%)

Selectionbased on Uni or multi-dimensional dicriminating variables by comparing simulated Signal and
background-onlyareasin DATA :
First MVA : MLP method on geometrical and topological variables from D decay
Unidimensional cuts on K°s, 11° and D° masses -> Optimized by maximization of the significance
Second MVA : MLP method on geometrical and topological variables from B decay

20



- Goal of the Selection : Keep the maximum efficiency on Signal while putting aside most of the
Combinatorialand Physical background

- Use of the reference mode B* — D’z that is topologicallyidentical, statistically more interesting and less
sensible toCP asymmetry

BR(B* — D*) ~ 12.7 x BR(B* — D°K%)

- Selectionbased on Uni or multi-dimensional dicriminating variables by comparing simulated Signal and
background-onlyareas in DATA :
- First MVA : MLP method on geometrical and topological variables from D decay

- Unidimensional cuts on K°s, 7° and D° masses -> Optimized by maximization of the significance
- Second MVA : MLP method on geometrical and topological variables from B decay

TMVA overtraining check for classifier: MLP

i'Signai (t&st Lar'npl'e) T . S'igﬁal (Irainiﬁg Jarr;ple') i A

35 :{;2[] Background (test ple) + Background (training

30 I~ Kolmogorov-Smirnov test: signal (background) probability = 0.629 (0.238)

(1/N) dN/ dx

25—

| RETRIRTIII PO Pt PX)
Cotew A S3.08N 83080
(N

20 [~

15F [

10 ¢
- [,

U/O-flow (S,B): (0.0, 0.0)% / (0.0, 0.0)%

d 4 > A
0.2 0.4 0.6 0.8 1 2 .I
MLP response




r1'|1...rr'|1..rrr'|'|..rrr|1.|rrr||

102

2

[ flllﬂlfl T TTTI

E’ = = L B L B AL I L B BN NN

C — Signal pions | - i e ;
10° - — Bkgd kaons |- 10°F T — K Signal kaons

- ] - — Bkgd pions
10° = MC = 10°E r
10°¥ ; 10° = =

I l...|h._; 0= PN I PN | I | PO PR R RS
40 60 80 100 100 80 -60 40 20 0 20 40 60 80 100
ALL(K) ALL(K)
To limit misidentification of the bachelor track, we discriminate using a PID Likelihood Difference
~70.7% signal efficiency / ~2.6% misidentification efficiencyfor B — D°K*
For MC, ALL(K)variable correctedwith PIDcorr tool

[ I|1

I BN A A A B R A B A A | P e Lol
0 -80 -60 -40 -20 0 20

, =
- 2
o

22



r1'|1...rr'|1..rrr'|'|..rrr|1.|rrr||

102

2

[ flllﬂlfl T TTTI

E’ = = L B L B AL I L B BN NN

C — Signal pions | - i e ;
10° - — Bkgd kaons |- 10°F T — K Signal kaons

- ] - — Bkgd pions
10° = MC = 10°E r
10°¥ ; 10° = =

I l...|h._; 0= PN I PN | I | PO PR R RS
40 60 80 100 100 80 -60 40 20 0 20 40 60 80 100
ALL(K) ALL(K)
To limit misidentification of the bachelor track, we discriminate using a PID Likelihood Difference
~70.7% signal efficiency / ~2.6% misidentification efficiencyfor B — D°K*
For MC, ALL(K)variable correctedwith PIDcorr tool

[ I|1

I BN A A A B R A B A A | P e Lol
0 -80 -60 -40 -20 0 20

, =
- 2
o

+ MVA to choose best candidates among multiple candidates (several selected candidates for a given collision)
23



Number Candidates

Number Candidates

T —a= Cut m(D’)

Hl
s

T I\II\I|
wy)
H_
S
=1
H ]
| //
ndid
N
(]
(=]
o

_V_l_F—IIUI\I\|\I\I‘I\I\|I\
]

o o F S T
""" S & E?OOO - «— Multiplicity
Lo E
5 — + 0_+

103t0 10% rejection
factor on background

3l 1000 n

10 b ‘5‘ —— I!_-,l.lI — ‘5‘2‘ = E5|3| = |5|4‘ — \5|5| = |5‘6T 0 [ B R B B \ﬁ|_| 11 : [ |_\_\_i7 s = 'E

: : : : ’ "2 5 5.1 5.2 5.3 5.4 5.5 5.6

M(BDTF) [Gev/cT] M(BDTF) [Gev/czl
T T T ST S oo = 7] ~ == Sutmiby ]
— & 1 Fro00] =0 =
g e ' ;
= = 6000 -
> 108 r ]
F - 95000 — =
- | -S4000- E
- : | 230001 =
10° = 04 = - .
= B DK | 2000 .
B : 1 10000 :
102?' T S B E T OV ‘? E—. s WY Mt i s e e Lo 0 L T E

5 51 52 53 54 55 56 0™="5 51 52 53 54 55 56
M(B__) [Gev/c] M(B__) [Gev/c] 24
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A complete study of physical background has been processed, using MC samples
Hereis a list of studied backgrounds. Non-negligeable ones are surrounded for B* — Dz~|land B — DK~

B* — D*[— DY(— K om)n'n* B* — D= D(— Kann")n'|x® B — D**[— D(— Knn')r*]r*
B* — D*'[— D'(— K n)y]r™® B* — DY[— DY(— Konr')y|r* B" — D*|— D"(— Kgarrn')n*| K
B* — D*[— D(— Kam)n'|K* B* — D*'[— D'(— Karrn")n'|K

B* — D*[— D(— Km)y]K* B* — D*[— D'(— Krrn)y]|K

B* — D[— D'(— Km)n|p™(— m*n) B* — D= D'(— Kann")7']|p*(— n5a")

B* — D*[— D'(— Kr)y|pt(— n*xY) B* — D¥*[— D'(— Karn®)y]p(— o=l

BE — D= Kom)pt(— nr9) B* — D*[— D'(— Karn")n'|K*=(— K7

Bt = D'(— Km)K*(— K*r) B* — D*[= D'(— Kann')y|K**(— Kn')

B) — DY(— Kanrn)K¥n* B* — D'(— Kgarn')pH(— n5n’)
B* — D'(— Krrr")K**(— K*r")

 Additional study has been made in K,° and D° sidebands, limiting impact of K;-less and charm-less
backgrounds to less than 0.15% and 0.8% on the signal respectively. 25



Purity at 20:61.4%

X

-y

o
W

No [— 1 I I I 1 I I I 1 l - No |— N(Lr* D“K‘) ' ' | ' I ! —
-~ — H
-~ 66— N(B"— D%p%) ] — 500}— B2 PR) -o027er003 ] [eeeaa Signal Kaons —
> B ysBha) oo 0ot gt = 153 +7-0.05 n % — :(: :RD KBI)( ithbachelorK) = 2189+-243 ¥\ | 7 CrossFeed Pions ]
(] B NE'= D 1) _ oac /002 — = | (Part Reco.Bkg with bachelor k) = 2189.+-243  f} | ..., Combinatorial Bkg |
E B N(B— D"~ ’ o “3\9"2‘ = 5.27859 +/-0.00005 ] o | N(Part.Reco.Bkg. with bachelor m)= 13114+-217 J | = [ ==w===s BtoDstarOK_DOgamma _
B N(D*- D%) . n B I A D IEEEEEE BtoDstarOK_DOPi0 |
2 5 — T, = 0342+ 0008 Oyigna = 00210 +/- 0.0002 ] 1: 200l No_ ke = 373 +/-175 BtoDstarK_DOPi ]
— | N, = 38414 +/-479 _ Q 74k ) SR (. N BtoDstarOPi_DOgamma
o B hys.Bkg = N jgq = 31840 +/- 273 7] o [~ ) (R "N | [ IS BtoDstarOPi_DOpi0 N
Q | + | » B o BtoDstarPi_DOPi =
(7)) 41— Ngigny = 5 +-1 p— [(}] [~ =, : R BtoDOrho ]
() = - T " ) Y BtoDOKstar_Kpi0 -
T — Neomss = 31775 +F- 614 . 5 300 + vl [ Bs2DOKpi_HypK —
© — S -
— Noross.poea = 778 +/- 29 ] c — —
© | .
= 3 © = \ P No = 5289 +/- 350 7
- i LY ombi
© B €0 =-1.0765 +/- 0.009 ] (&) = " - as2ars -
(&) - N 200— 7 : Moo = 862 ]
| » 1= 0.11 +/-0.01 H | R ' 5ignat = 1969 +- 69 |
L] l L]
26— ] - ' . c0 =-0.839 +/- 0.06 -
- Yeindof = 1975749 i S T t : : t o1 = 0.01+-0.05 .
B 7] - Tl H . N 2indof = 0.884752 —
[~ ] 00— Tl —
= — B man "t: ____ _
17 ] Y M ARRE L PR < |
_ L. e R o d .
- _ S L R LA L lsgmets
‘:":':.: 2 . ] 0:::--‘::g:ge-gn-pl$41-zﬁ=t i!'l;. PPy ARG - R PR AU
0 Ve == 5 5.2 5.4 5.6
2 4 . + Ot 2
5 5 5 . 0 26 m(B* — D°K") [GeV/c?]
m(B® — D) [GeV/c]

Purity at 20: 84.3 %

Reminder : |BR(B* — D"7™) ~ 12.7 x BR(B* — D"K*)

At 20 : At +20 : [ Belle: 815151eve1|r1ts J
#Signal = 27191 +233 #Signal = 1623 + 57 60% purity
#CrossFeed =381+14 #Cross-feed = 208 + 24
#Combinatorial = 4448 + 86 #Combinatorial background= 814 + 32
#Phys. Bkg =219 +15 #Phys. Bkg =95+ 5 26




- CP Violation = one of the condition to explain why matter took advantage on antimatter in the universe
« CKM formalism is one of the main contribution to CP violation in the Standard Model

« A precise direct measurement of y angle = standard candle of SM -> to be compared to indirect
measurements with potential New Physics

« After Selection and Nominal Fit, next step is to extract physical parameters as y angle from the Signal I
obtained
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- CP Violation = one of the condition to explain why matter took advantage on antimatter in the universe
« CKM formalism is one of the main contribution to CP violation in the Standard Model

« A precise direct measurement of y angle = standard candle of SM -> to be compared to indirect
measurements with potential New Physics

« After Selection and Nominal Fit, next step is to extract physical parameters as y angle from the Signal I
obtained

- Perspectives :

- Twice the Belle statistics -> We expect a statistical error of ~16-21°
- Participate to an Amplitude Analysis of D° decay
- Continuous A§,map -> redo y measurement !

« Measure pV _, j*+ pT branching ratio -> Not measured since MarKk III ... 30 years ago !
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- CP Violation = one of the condition to explain why matter took advantage on antimatter in the universe
« CKM formalism is one of the main contribution to CP violation in the Standard Model

« A precise direct measurement of y angle = standard candle of SM -> to be compared to indirect
measurements with potential New Physics

« After Selection and Nominal Fit, next step is to extract physical parameters as y angle from the Signal I
obtained

- Perspectives :

- Twice the Belle statistics -> We expect a statistical error of ~16-21°
- Participate to an Amplitude Analysis of D° decay
- Continuous A§,map -> redo y measurement !

« Measure pV _, j*+ pT branching ratio -> Not measured since MarKk III ... 30 years ago !

+ Work on Scintillating-Fiber LHCb tracker (SciFi) for Run 3 : Temperature monitoring, Geometry description

in reconstruction algorithm, fine time-alignment, etc
29



- CP Violation = one of the condition to explain why matter took advantage on antimatter in the universe
« CKM formalism is one of the main contribution to CP violation in the Standard Model

« A precise direct measurement of y angle = standard candle of SM -> to be compared to indirect
measurements with potential New Physics

« After Selection and Nominal Fit, next step is to extract physical parameters as y angle from the Signal I
obtained

- Perspectives :

- Twice the Belle statistics -> We expect a statistical error of ~16-21°

- Participate to an Amplitude Analysis of D° decay

Oh my-god I«Qggd help.

- Continuous A§,map -> redo y measurement !

« Measure pl _, j** pt branching ratio -> Not measured since MarKk III ... 30 years ago !
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Particle Identification:
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P o) = (.59 m ~ 0
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One can then deduce -’\gi, the measured yields (cf paper LHCb-PAPER-2020-019):

Nk = hpklFr + (rB5)*F; + 2v/ FiFi(cia® + 5iyP%)) o I = prfpfiﬂ
. | Prd
Ni,DK = hik[Fi + ( )2F; + 2V FiFy(cix D‘I“ e-ny)] 1 JD;
) [ ] = i i : : _
N; pr = hp[Fi + ( V2, + 2/ FyFi(cia®™ + siyP™)] n = efficiency at a given point in phase-space
Ni'pr = hpa[Fi + (TBW) F; 4 2V F,Fy(ciz?™ — s;yP™)] e Hypothesis : FPX = FPr
DK _ pDn
F2 =5

O

O

O

O

B — Dmand B — DK have a similar selection and then a similar efficiency mapping through D
PID cut efficiency is the same for all bins
Multiplicity is the same for all bins

N:*is migration-corrected
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One can then deduce N;", the measured yields (cf paper LHCb-PAPER-2020-019):

N;FDK = hhk[Fi + (
2
Nz Dr — h’Dn’[F +

Nz Dr — hEﬂ‘[F +

N

Nipx = hpglFi+ (7

DIV E; + 2V FiFy (o + siyPX))

)2 F; + 2V FiFy(ciz?" — sy
)F + 2V F;Fi(c;x Dﬂ—|—93“z)D“)]
2 F; + 2V FiFy(cix)™ — s;yP™)]

fD.,- PndD
Zj ij PndD

® n = efficiency at a given point in phase-space

o [ =

e Hypothesis : FPX = FP™

= C; and S; are taken from Cleo-c paper JHEP 10 (2018) 178

— N;° will be measured in LHCb (current work)

= T+ and rp are the parameters we want to extract

= [ are extracted from B — D thanks to a simultaneous fit

Thanks to the common value of y, one can use this alternate parameterization :

gDW .

D

( "B )Pzéﬂﬂ—@agff
DK I:I>

=

D DK Dr. DK

Ty = Tewy — Ye "y
DK DK

y—l_— = TelYy  — yg Tl
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MVA 1

Nom de la variable

Description

Log_DOPT

Impulsion transverse de DO

Log_DDIRA

Alignement de I'impulsion reconstruite et de la direction de vol du
candidat D

Log_DOFDchi2

Signification statistique de la distance du vertex du candidat
reconstruit D par rapport au Primary Vertex

Log DOmaxDOCA

Distance maximum des plus courtes approches pour toutes les paires
possibles de particules filles de D

Log_Delta_KsD_ZERR

Distance entre les candidats D et Ks le long de 'axe du détecteur (le
candidat Ks doit étre detecté plus loin que le candidat D)

Log_KsD_DIRA

Alignement de I'impulsion reconstruite et de la direction de vol du
candidat Ks.

DProbChi2Vix

Qualité du Vertex du D

DdaughtMinsIP

Minimum des parametres d'impact des particules filles de D

Log_KSLTSignif

Signification statistique de la durée de vie (longue) du candidat Ks.
Débarrasse des paires de pions du Primary Vertex se faisant passer
pour des Ks

Log ET gam Moy

Energie transverse moyenne des photons issus du candidat i°

|IDgamE

Probabilité que les candidats photons ne soient pas des électrons

|DgamH

Probabilité que les candidats photons ne soient pas des hadrons

Log KS BPVIPCHI2ZMinDaught

Minimum des paramétres d'impact des particules filles de Ks°

DdaughtMinPT

Minimum des moments transverses des pions charges issus du D
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MVA 2

Nom de la variable

Description

cosThetaHely

Angle d'hélicité entre D et B

CosD_bachT_xy

Angle ©,,., entre D et |a trace célibataire H (1T
ou K’} dans le plan transverse

BDIRA

Alignement de 'impulsion reconstruite et de la
direction de vol du candidat B

B_PTasy_conel5

Asymetrie de I'impulsion transverse de B dans un
cone de 1.5 rad

The_MLP_D

Variable de sortie du MVA 1

log_B_IPchi2

Log de la Signification du parametre d'impact du
candidat reconstruit B par rapport au PV

log_DiffZ_DwsB_Err

Log de la distance entre les candidats D et B le
long de l'axe du détecteur

BProbChi2Vix

Qualité du vertex du B

BFDChi2 Signification statistique de la distance du vertex
du candidat reconstruit B par rapport au PV
bachPT Impulsion transverse du bachelor track
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