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Outline

% CPVin charm @ LHCb

< Direct CPV:
> AA®in A —ph*h™  [JHEP 03(2018)182]

> A in D’— KSOKSO [arXiv:1806.01642] submitted to JHEP NEW

> A in D% — h*hu*u [LHCb-PAPER-2018-020] in preparation NEW

< Charm mixing and indirect CPV:
> DO%DY mixing and CPV with D® — K*rr [PRD 97(2018) 031101]
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CPV in charm

% Charm transitions are a unique portal for obtaining a novel access to flavor
: -
dynamics
> complementarity wrt B and K mesons 6 b e
up-type
> CPVin charm predicted ~O(1073):
low SM background — sensitivity to “New Physics” down-type P ! q
< CPVin charm decays has not yet been observed! N
‘KO @\

% Large samples of charm mesons decays needed — LHCb

> ~10°cc pairs per second produced in LHCb acceptance
(2<n<4.5, 0<p,<8 GeV/c) at LHC

Good momentum resolution (0.5% - 1%)

\l

> Excellent vertex resolution (IP resolution (15+29/p,)um

JHEP 05 (2017) 074
o(pp — D°X) = 2072 + 2 + 124ub o(pp - DI X)=353+9+76ub

o(pp—> D"X)=834+2+78ub o(pp—> D" X)=784+4+87ub
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Direct CPV

% Difference of decay rate between two CP conjugate states

cp, . TD— f)—T(D - f)
A(”_ND%ﬂ+ND%ﬂ

% Quantity measured in LHCb

ATGU]END _ND_
Np -I—N[j

Araw ~ ACP J Aprod o Adet
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Direct CPV

% Difference of decay rate between two CP conjugate states

cp, . TD— f)—T(D - f)
A = I —s Fa-T{D —5-F)

% Quantity measured in LHCb

ArawEND _ND_
ND -I—N[j

Production asymmetry: initial state pp is not CP symmetric

ATV .ACP J Aprod ) Adet
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Direct CPV

7/

% Difference of decay rate between two CP conjugate states
I'(D — I'(D— f
(D—)f)—I—F(D—>f)

% Quantity measured in LHCb

Np — Np

Np + Np

ATO/U) S

Production asymmetry: initial state pp is not CP symmetric

ATV ACP EN Aprod _ +

Asymmetric detector

"ghw MI]I acceptance + material
I interaction different for

l!l]] particles/antiparticles
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AA in /\c—> ph*h’ UHEP 03(2018)182]

% CPVin charm baryons almost unexplored

AN\ —N°*) = (-7 £31)% FOCUS, PLB 634 (2006) 165
AN —No%*v,) = (0 +4)% CLEO, PRL 94 (2005) 191801

< Dataset: full Run1 sample (3 fb™)
* Production mode: A °—A_* P X

> requirements on A" p-vertex displacement suppress background
< Measured quantity: AA®P= ACP(I\C+—> pK*K')-ACP(I\c+—> p TUTT)

> Detector and production asymmetries cancel if kinematics are identical

> prU'Tr kinematics equalized to pK*K™ kinematics before extracting raw
asymmetry, weights computed using GBDT

> Per candidate weights provided for theoretical interpretation
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AA® in A — ph*h’

% Measured phase-space integrated CPV

[IHEP 03(2018)182]

% Cut-based selection to avoid creating kinematic differences between decay modes

% Aextracted fitting ph*h- mass distribution and corrected for efficiency variation

across 5D phase-space — from simulated events

8000
30001 LHCb + Data

% 2500{~25k signal e rotal W Wi
> -=-=-Signal %
> L e e o o e Background =
S < 4000
3 3
] 3
= =
g 2 2000
O Q

m(pK~K*) [MeV/c?]
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2240 2260 2280 2300 2320 2340

Charm mixing and CPV

LHCD + Data
~160k signal —— Total fit
- wurww—Sipnal

Background

7 N\

2240 2260 2280 2300 2320 2340
m(pr~n*) [MeV/c?]




AA in /\c—> ph*h’ UHEP 03(2018)182]

Results

AAP=(0.30£0.91£0.61)%

Consistent with no-CPV hypothesis

81 LHCb —— Weighted average
Data
. ¢
g 41 o
Boq,
32
|
0 . * {
",

7TeV 7TeV 8TeV 8 TeV
Up Down Up Down

Main systematic uncertainty arises from limited simulation sample-size.
Results consistent varying data-taking period (centre-of-mass energy) and magnet

polarity
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A®inD'— KSO KS0 [arXiv:1806.01642]

< Search of CPV in decay channels with high statistics not conclusive
% Different approach: search CPV in decay channels where amplitudes are

suppressed

> D KS° KS°, where A could be enhanced at a level of ~1%
PRD 92 (2015) 054036

B.R. (D% — KSOKSO) =(1.8+0.4)x 10
/ Exchange )
Previous measurements ” .
AT (KIK?) (%) Yield | Collaboration
—23. =£109. 65+ 14 | CLEO . .
—2.9 £ 52 =22 635+ 74 | LHCb Run-1
—0.02+ 1.534+0.17 5399 £ 87 | Belle

CLEO PRD 63 (2001) 071101
LHCb (Run1) JHEP 10 (2015) 055 .Ci\;
Belle PRL119(2017) 171801
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A®inD'— KSO KS0 [arXiv:1806.01642]

< D™ — D%t decay used to tag D° n/
% Toremove production and detection asymmetries «%
: G KO,
D°— K*K" is used as a calibration channel S n;//r
m

AACP — AMW(KSKS) L AraW(K+K_)
AFKIKY) —AF(BTE).

- ACP( KSO KSO)= AACP+ACP(K+ K-)

Independently measured by LHCb with a precision of ~0.1%  PLB767(2017)177
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A®inD'— KSO KS0 [arXiv:1806.01642]

< D™ — D%t decay used to tag D° n/
% Toremove production and detection asymmetries 4%
: G KO,
D°— K*K" is used as a calibration channel S n;//r
-t

AACP = Araw(KgKS) L AraW(K+K_)
AFKIKY) —AF(BTE).

- ACP(KSOKSO)= AACP+ACP(K+K-)

Independently measured by LHCb with a precision of ~0.1%  PLB767(2017)177

< Data samples collected in 2015-2016 (~2fb™") magnet . | stations

T track

> LL sample: both KS0 are reconstructed from VELO T
Long tracks upstream track

> LD sample: one K. is Long and the other VELO track

one is Downstream

( downstream track _
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Y/
£ %4

Candidates / (0.3 MeV/c?)

Candidates / ( 0.3 MeV/c?)

CP: 0 Oy O
A¥ inD —>KS KS

AW extracted with a fit to Am=m(D*)-m(D°) distribution. Total yields: 1067 * 41

“Magnet up” polarity
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E D° > KK LHCb E
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Eul it e ol : L
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Am [MeV/c?]
TR SRR IR PR KL R S 1=
E D° > KK} LHCb 4
é_, bt "L'!+,... et s = M = % l__
140 142 144 146 148 150 152 154

Am [MeV/c?]

Results

ASP(LL)=(+6.7 + 3.8 + 0.9)%
AP(LD)=(-5.3 £ 7.4 £ 1.3)%

$

ACP(KS°KS°) =(4.2+3.4+1.0)%
Combining with Run1 LHCb

analysis

$

AP(K K %) =(2.0+2.9+1.0)%

Candidates / ( 0.3 MeV/c2?)

Candidates / ( 0.3 MeV/c?)

40F
35E

30
25
20
15
10

40F
35F
30F
25EF
20F
15E
10F

[arXiv:1806.01642]

“Magnet up” polarity

FT T A e A s e O (R
E D° 5 K%K LHCb E
3 ~+ Data y E
E LD — Total (C) =
= - Bkg E
PLELIN fI'. PRI TSRS Y ‘+I PR RS [ SR SR S NS S I:E
140 142 144 146 148 150 152 154
Am [MeV/c?]

20 s T P T T3
D’ - ki LHCb £

E ~+ Data E
= LD — Total (d) 3
= -Bkg =
L | RSP [ TR T T [T PG PGRr P A S AR AR P 30 W ML D T N lE
140 142 144 146 148 150 152 154
Am [MeV/c2]

Consistent with no-CPV hypothesis and previous results. Main systematic uncertainty
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arises from fit model choice.
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A® in D°— h*hp'pr [LHCb-PAPER-2018-020] (in preparation)

First observation of the rarest charm decays, agreement with SM  PRL 119 (2017) 181805

Now measured angular and CP asymmetries on data samples of 2011-2016 (5 fb™")
% Asymmetries sensitive to SD in full range due to SD-LD interference

> negligible SM contribution with current precision

> O(few %) predictions for some NP models - o“, LHCb |

i Preliminary
JHEP 1304 135 (2013), PRD 87 054026 (2013) I | ﬁ‘H

L+

-0.2F
< Asymmetries compatible with zero, i.e. with SM prediction ok .

—var i - atrutu
< No dependence on dimuon mass 06" "5 TIo00 1500

m(u*u) [MeV/c?)
Preliminary results

. <U04é§ LHCb |

DY s ntn—pu—ut: Further details on Preliminary
B Jolanta Brodzicka e :

AOP — (49 j: 38 :l: 07)% ‘ presentation OI‘I """"""""""""""" "
“Rare Charm” : ]

DO — K+K_/.L_/.L+ K ) —0-4;" D’ K'Ku'u -
Acp = (0£11+2)% 06506200 600 a0

m(u*u) [MeV/c?]
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Mixing and indirect CPV

0.

% Mass eigenstates linear combination of flavor eigenstates
r=Am/T
y = Al'/2T

1Dy 2) = |D0> :|:q’D0> mm) Mixing

Experimental status

No evidence for CP violation in
mixing or interference (g/p # 1)

No evidence for non-zero Am (x)

s - mio
& , , CPV allowed o Gom { 20
>.1'2 CKM 2016 —_ T, CKM 2016 3o
E i = [ wdo
o - |
A T 40 goc
H ‘é’, -
- : < 15
4 0-
- -20
0 C
C Bio L
-0.2 25 —40_
ol 30 I
—0.4_ 40 _60; :
_061—11} 111111111111111111111 bopogopdopy 11.50 il T ' | PO I | | |
-0.6 -0.4 02 0 02 04 06 08 1 1.2 0.6 0.8 1 1.2 1.4 1.6
x (%) la/pl
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Mixing parameters and search for CPV in D°— K*r
[PRD 97(2018) 031101]

< Data sample: 5fb™" (2011-2016)
% Used tagged D° — K*rr decays m
% Measured the time dependent ratio of WS D°— K*rr )

and RS D%— Kttt === Dominated by CF amplitude @

N(D® - K+t7n™)

R(t) =

(2) N(DY — K—7+)
B~ B \/R—,t 22 4 2 [ £\ 2 ' = xcosd+ysind
(t) =~ Rp+ DY ;"’ A - y' =ycosd—xsind

> Approximation for x,y<<1
< Tisthe average D°lifetime
R, is the ratio of suppressed to favored decay rates
% dis the strong-phase difference between suppressed and

favored amplitudes

12
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Mixing parameters and search for CPV in D°— K*r
[PRD 97(2018) 031101]

< Data sample: 5fb™" (2011-2016)

o 0 1T
Used tagged D° — K*rr decays m
: (Vcd*vus)

< Measured the time dependent ratio of WS D°— K*rr
and RS D%— Kmt* === Dominated by CF amplitude @

_ ND° - Ktr™)
~ N(DY - K—nt)

R(t)

x/:l: 2 _I_ I+\2

Riﬁ(t):R;—;Jr R y’it+( ) 0 W)
Initial D?/D° R_*# R " — Direct CPV
X #x(y'*#y”) — Indirect CPV

R*# R — CPV

12
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Mixing parameters and search for CPV in D°— K*m

< R*determined in 13 decay-time bins, fitting Am distribution

[PRD 97(2018) 031101]

% Cuts applied to suppress problematic backgrounds, as:

>

‘Ghost’ pions from mismatched track segments before and after the
MAGNET

T1T2T3

magnet RICH1 TT

m Possible peak in Am distribution b

m Wrong charge 50% of time: RS — WS migration \\"+

Backgrounds from mis-ID of D° daughters s

Contamination from secondary decays: the D* is not coming form

the primary vertex, but from a b-hadron decay .

Candidates per 0.1 MeV/¢2

Giulia Tuci, 19/06/2018

M (D ) [MeV/c2)

Charm mixing and CPV

x10° a 240
oy = 220F
25~ LHCb « Data = % ;- g LHCb . Dala
F (a) — Fit = ~00: (b) — Fit
L e Background = |80; """ Background
S 160}
i 8 r
] 2 140*:'
g 1.8%108 - g 120}
_‘g 100}
RS events = ool
- 5
& 7.2%105
U - .
401 WS events
20 =
0 L (5 S —— -
2005 2010 2015 2020 2005 2010 2015 2020

M(Dr*) [MeV/c2]
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Mixing parameters and search for CPV in D°— K*r

Results [PRD 97(2018) 031101]
6F ' ' ' =]
% Fitted efficiency-corrected data to extract & i N S
, S b LHCb ]
(x*,y* R*,) under three different hypotheses il : :
: : . : < . 3
% Main systematic uncertainty: residual 4r -
secondary decays in the final sample | = ) R =
S sE =
- - — CPV allowed 3
x 4 No direct CPV -
S — No CPV .
S
~
|
x
L / /
0 2 4 6 20
T
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Mixing parameters and search for CPV in D°— K*r

= 554+ 0.64 £0.38 o/~
(z'-)? 0.016+0.033£0.020 (2/~)?

Results [PRD 97(2018) 031101]
: . 6F (@) | ' -
< Fitted efficiency-corrected data to extract = E R —
, S b LHCb ]
(x*,y* R*,) under three different hypotheses =k g :
o . . . . L 4F =
% Main systematic uncertainty: residual - -
secondary decays in the final sample | = ) R =
S B &
™ - — CPV allowed 3
% - No direct CPV
R} —R; > e No CPV ]
AD S P —— S (—01 i 8.1(stat) i 4.2(Sy5t) )><10 — - t t
RD + RD b ) C
) S 02f
Direct CPV = Of
O -02F z
- s = = :
Direct and indirect CPV > ) A — T
Parameter Value x107? No direct CPV t/t
R 3.454 4+0.040 +0.020 Parameter Value x107?°
y'+ 501+ 0.64 £0.38 Rp 3.454 £0.028 +0.014 No CPV
(z'1)? 0.061 £0.0324+0.019 3" 5.01 + 0.48 +0.29  Parameter Value x107
R= 3.45440.040 £0.020 (z'*)? 0.0614+0.026+0.016 Rp 3.454 £0.028 £0.014

2.28 = 0.45 +=0.27
0.039 +0.023 +0.014

554+ 0.48 £0.29
0.016 +0.026 £ 0.016 22

I~
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Mixing parameters and search for CPV in D°— K*r

Yy~ 5,544+ 0.64 £0.38 o/~
(/)2 0.016 £0.033 £0.020 (z'7)?

Results [PRD 97(2018) 031101]
: . 6F (@) | ' -
< Fitted efficiency-corrected data to extract = E R —
, S b LHCb ]
(x*,y* R*,) under three different hypotheses =k g :
o . . . . L 4F =
% Main systematic uncertainty: residual - -
secondary decays in the final sample | = ) R =
S B &
™ - — CPV allowed 3
% - No direct CPV
R} —R; > e No CPV ]
AD = (—01 + 8.1(stat) + 4.2(Sy5t) )><10 e - t t
RD + RD 1 X
) S 02f
Direct CPV m) No evidenceforCPV | = OF
A —02F A
- - - x X -1
Direct and indirect CPV > ) A — T
Parameter Value x107? No direct CPV t/t
R 3.454 4+0.040 +0.020 Parameter Value x107?°
y'+ 501+ 0.64 £0.38 Rp 3.454 £0.028 +0.014 No CPV
(z'1)? 0.061+£0.032+0.019 3+ 5.01+ 0.48 £0.29  Parameter Value x107
R= 3.454 £0.040 £0.020 (z'T)? 0.0614+0.026+0.016 Rp 3.454 +0.028 +0.014

2.28 = 0.45 +=0.27
0.039 +0.023 +0.014

5544 0.48 £0.29 ¢
0.016 +0.026 +0.016 22

I~
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Conclusion

< Reached unprecedented precision on D°-D° mixing parameters
> y —>5x10% x?—-3x10° (still compatible with 0 within uncertainty)
% The search for CP violation in charm decays continues!
< With growing data samples LHCb is reaching the precision to observe CP
violation as expected by SM
New results from Run1 and Run2 data samples are coming

%  Stay tuned!

Giulia Tuci, 19/06/2018 Charm mixing and CPV
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Backup slides
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The LHCb experiment

Calorimeters: particle
identification

Chere n}gg\/_:_'_déi’eé"tb'rﬂ:_ -
particle identification uon

~_ .| chambers

ECAL
SPD/PS

Vertex
detector(VELO) | / / Magnet

Tracking stations: trajectory of
charged particles — momentum
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A®inD'— KSO KSO [arXiv:1806.01642]

% AW extracted with a fit to Am=m(D*)-m(D°) distribution
% Peaking background reduced with cut based selection, e.g.

> D°— Km" 1, reduced performing selections on m(K.°) and flight distance

=T

DO — KS0 T

% Combinatorial background reduced using kNN classifier
% Results on LL and LD sample and on the two separate magnet polarities

compatible within 20
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