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Outline

 Charm mixing and CPV
e direct CPV with DT > K"K~ n*
» time-dependent CPV with D° - K~ r*
e CPV with AL two-body decays

 Charm rare decay
e search for D? - KTK ete™
e search for AT -» pu*u~

e asymmetry around ¢ resonance in A — putu”
* Summary
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Neutral D meson oscillation

e Time evolution can be described with effective hamiltonian

z— M) (M Mu)_i(F F12) MO@t)
MO My, M) 2\If, T M°(z)

e Mixing parameters defined as

. _2I1Mpp| | Am b = [Tl Al
2= r >’2?~ r r
Short-distance: -di .
. - 2 7Long dlStancel 3 0'8% | | No direct CPV in DCS
e, F P - >.'°" 0.7~ S i i
W " " 0.6;- o
¢ 0.5/
e — — X1, = (0.407 £ 0.044) %
b d.5.b u U 0'4:_ 0.024
CKM ion: b L Y2 = (O°641+o 03) % |
suppresglon. AmDo < Am 0 << AmBo 03 s
GIM suppression: d, s X 200 x 35 o2k | Mz2e
L 3o
x mixing: Channel for New Physics. e e e e
X, (%)

y (long-distance) mixing: SM background.
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Charm CP violation
* CP Violation (CPV) highly suppressed in CKM hierarchy

V..V* o
CPV Im( e ’;“) ~ — 6% 104 sensitive to NP effects

cs " Su

e LHCDb discovered charm direct CPVin D — hTh™ in 2019
AAP = ACP(KTK~) — AP(ntn—) = (—15.4+ 2. 9) x 104

P:’.

d —4 t;w :’ LHCb
At po— = ( Lol S0, 7) % 10 0006:— s, o
8t - =[(0820 £6.1) 5 167 a3 ;
0.002 |- -

ol -

~0.002 |- =]
PRL131, 091802 (2023)  contours hold 68%, 95% CL -
0004 =500 20002 0 0002 0004

d

Ax-g+

* Another type of mixing-induced CPV has not been observed yet
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HCD

sy Local CPV in three-body decays D™ —» K*K m*

PRL133, 251801(2024)
 Variations of the strong phase across the Dalitz phase space may enhance the

local CP asymmetries, being considerably larger than the integrated value

 The Cabibbo-favored mode D -» K*K~n* is

2
n

taken as control channel (C) 5 . 10+ 2
. — o
* A.p around the K™ and ¢ resonances is measured & =
2.5 10° €
as X iy = >
: NY* — N% ; i,S i,C s
Al’}gv ==t AAlcp — Aréw - Arﬁw 823
N 4 NiX 13
1 top-left bottom-right t ight bottom-left -§
ACPlS = 5 I:(AAI‘Z\II&)/ ¢ e A‘Ara(,)w S ) - (AArz&-rg a5 A‘Ara(,)wo © )] 10 %
Sign of CP asymmetw changes when acrossing R A !
resonance vertically and horizontally [PRD7S, (K 7*) [GeV?]
072003 (2008)] R 7N
Dy 5.41fb!

7I'+ —
AL = (0.95+0.43 +0.26) x 107°
ABpE" = (—0.26 £0.56 £0.18) x 1073

o)

1.5}

Compatible with zero asymmetries.

0.5 1 1.5 2
s(K~7*) [GeV?]
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LECD Local CPV in three-body decays D™ - K"K~ w™

m PRL133, 251801(2024)

* Simultaneous model-independent search for any CPV across all Dalitz regions

* Acp 1s measured in all Dalitz bins

ZN bins A;éi_A;éa
_ R e 5 s
Adly = AL — MG — DA aatee = o T ¥ B
i 2. +o'2. 0
A Ao -2 3
4
I 15 2 2
lobal . LHCb
AA%aW is the global difference in asymmetries 54fb (1)
averaged over all bins in the Dalitz plots. Any y
global asymmetry difference between the Signal : k 5
and Control channels is cancelled. L5 3
. . . . . 2 i .
. Thq s1'gn1ﬁcance is estimated with the y“ test P .- ‘51
statistic as 05 1 15 2
. AAICP Npins S(K_JZ"") [GeV ]
SZACP OAA xz(SACP) - Z( ACP)2

CP i

x?/NDF=31.8/22, corresponding p value is 8.1%.
Consistent with CP symmetry.
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%I\a Mixing and CPV parameters with D® - K~ mt

PRD111, 012001 (2025)
* Full RUN2 data are analyzed to select prompt L o — WS

production of D** —» DOx*

* The ratio of the time-dependent decay rates
between the DCS (K*7™) and CF (K~ 7r™)
modes

* Two decay configurations are measured

o - RS
o> DO e
0 + - 7o -t D+ —=>DOom+ "mij DCS ™
R () = I‘(lz () = Ktn™) Rz (f) = r'(D%t) —» K_7r ) 5o iX Ko
I'(DO(t) —» K+m~) I(DO(t) » K—n+) __CF _“~

« Uptox2, and y?
p 12 Y12 Cancel lifetime acceptance *

RE,(t)~ R, (1A, )+ VB, O£ A, ), £ Acy,) t+ (€ AL )82 | detector effects
mixing parameters CPV parameters

JA-12 _|A 2 . i

Cxz ~ Y12 COS qﬁ? cos Ay + X1, COS gbe sin A, oy = |Af/‘i‘f|2 |“_‘f/Af|2 ~ a]‘écsdlrec ' CPV
A7/ Az +|Af/Af| CPV
2D 2 X1}
Ckx "’Z(xlz + ¥12) Ack, R x1p sin g} cos Ay — yy, sin @y 311111’1 p g
A n ) (M ¢F)1nterﬂerence CPV
. o C ~—X Sin —
strong phase difference Ay = —10° + 3 Kn 5 %12Y12 Foors
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%I\a Mixing and CPV parameters with D® - K~ mt

PRDI11, 012001 (2025)

X106 550_ T T T —

g ﬂ I e A T ]~ [ LHCD e :
S o DPoK” | Zoaen G Csew {2 S00E6fb | s
g § \\-/ g 2O_DO_)K T z Comb. bkg. ] \: E _l_:_"l_'l E
g ] g _ .Ghostbkg. -E I,\\ 450_— H o -
: | \ ERCI: o= i Daa :
S g S | ] 15 400 e —— Baseline E
s ‘\ RS : 350F- o No CP violation
I B AN IR B e e
02005 2010 2015 2(;20 02(;05 %(I:l 0. 20l 15 2020 g 0 :_ + + +£i: ] ]
m(D°z) [MeV/c?] m(D°z) [MeV/c2] ~ C i |
= -10F #ﬁiﬁm ﬁi | 1
+LI1 —203— 7
Parameters 0 2 4 6 8
D" decay time / 7
RK]Z' (343.1 :t 2.0) X 10_5 (,) . .
Chn (51.4+3.5) x 10~ * Cy, are improved from previous
che.  (13.1+3.7) x 107° LHCb measurement based on RUNI
Ax, (=7.1£6.0)x1073 data: stat. error down by 1.6 and
Ack, (3.0£3.6) x 10~ syst. error down by 2

Ack, (-1.9+3.8)x107° * No CPV is seen
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% Mixing and CPV in SL-tagged D° > K-
JHEPO03, 149 (2025)

Complementary measurement to the prompt one with higher
sensitivity to lower decay time

T T T T T — T T T T — T T T T T [ T T T T

9

Candidates / (0.15 MeV/c?)

<109k LHCD 5.4 b~ 3 LHCb 5.4 fb! ]
D’ —» K—7+ § D' — K+n—

-+ Data R -+ Data
— Tit 10°F — Fit 3

10 3 B Background 3

B Background ]

+

Candidates / (0.15 MeV/c?)

10

140 145 150 155 140 145 150 155 B - D*(2010)+M_X

Am [MeV/¢?] Am [MeV/¢?]

WS/RS ratio is measured as before (slightly different

parametrization)
N=E (t) ¢ X/2:i: +y/:}:2 £\ 2
RE(s) — Ywslt) _ ot | [pE it (_) (_)
W=7t = tVRY (D)7 r
R+ — AK+7|— 2 R_ — ZK_W+ 2 x,:t — |q/p|:t1 cos [6 + ¢] sin [5 + ¢] z
b= Agi—| D= Ape— ot y'* —sin [§ £+ @] cos[d £ @] Y
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% Mixing and CPV in SL-tagged D° > K-

JHEP03, 149 (2025)

No direct CPV L ——
| 4
Rp (347.1 £5.5£1.3) x 1075 = 5F 1 ]
y't (5.44+1.9+0.5) x 1072 = ] N
122 4 —T— 4 5 _b_}_f—F 1 {)Idlt(dl) 5.4 fh 5
(z'*) (0.0+£1.54+0.3) x 10 3 Foor e El DR :
/= - - E No direct CPV i
4 (6.3+1.940.4) x 10 S| {77 AlLCPV allowed | ]
(z'~)? (0.1£1.64+0.3) x 1074 i N e A i
= 05F -
Allow CPV - wﬁ
+ 5 S oo I RS E
R}, (355.2£7.94+2.3) x 10 « - I_} _1_ _______________ T
y't (3.6 £2.24+0.3) x 1073 —0.5 - ! -
(z'T)? (11+1.6+0.1) x 1074 _U)E.....l................f
Ry, (339.1£7.942.3) x 1075 0 2 . 6 8 i [Tw]
DU
Yy~ (8.14+2.340.3) x 1073 No CPV
1—\2 -4
(=) (Z11+19+0.1) x 10 Rp (347.0 + 5.5 + 1.4) x 10~°
R — R / -3
(z')? (0.0£1.240.1) x 1074

consistent with CP symmetry
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e Cl\9 Combinations of prompt and SL-tagged results

JHEP03, 149 (2025)

Parameters prompt SL-tagged

R, (3431 4 20) x 1075 Rp (347.2+5.8) x 107°
ckr (514 +3.5)x10™ Cin (584 1.6) x 107°
Cxr  (13.14£3.7)x 107" e (0.9+2.6) x 107°
Ag, (=7.1£6.0) x 1073 Ap (2.3+1.7) x 102
Ac{@ (3.0 +3.6) x 10“61 Acye. (—2.3+1.6) x 1073
Ack, (-1.9£3.8) x10 Al (2.142.6) x 1075

EN

_ about a few percent
) improvement

i LHCb average
045+ E LHCb average + this measurement
L c()mlours hold ()?Ié%, 95% le

02 0 02 04 06
')’ [107]
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%1\9] Charm 1mpact to y measurement

LHCb-CONF-2024-004

* CKM angle y, Charm mixing and CPV parameters

measurement included 1n a single fit

=» improves precision on single observables exploiting full

information

* 9 new LHCb measurements during 2023-2024 are included

r = (0.41 £+ 0.05)%

y = (0.62170051)%
lq/p| = 0.989 £ 0.015
¢= [~2.511.2)°

@ty .= (22:6)x 10~ s
ad e = (6%9) x 10~

v = (64.6 £ 2.8)°

Previous determination
v = (63.8137)°

0.60

0.55

- [ Beauty and Charm

— T
[ #8¥ Charm Only

L |

LHCb |
Preliminary -
Summer 2024

02 03
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ﬁ’f{% (Global fits to constraint CPV

LHCb-CONF-2024-004

Assuming CPV for DCS within SM 1s 0, agCSZO, 1.e, only one
amplitude contributing to decay

Fit is repeated applying external constraint to a%.¢. Hence, it

improves sensitivity to charm CPV observables.

Enhancing ="z CPV evidence!

z = (0.41 £ 0.05)%

y = (0.619 £ 0. 021)% Rosf T B T ety LHCb:
14 iy e R | " |
lq/p| = 0. 984+8 815 S
. + 0.3F .
de— ( 1.6_1.2) s ;
a _=(94+5)x 10— 00f  ugpule PV f
K+K ( ) —0.1 0.0 0.1 0.2 0.3 —8-20.050 —0.025 0.000 0025  0.050

a%- - [%] la/p| —1

SiRE SE5FELHCbELGYIEITS 11



%Z\a CPV search in A7 two-body decays

* CP symmetry can be precisely tested in baryon weak decay by
studying the polarization of the produced daughter particles.
+

« For simple case of A{ decaying into % baryon and a 0~ meson,

decay asymmetries can be defined as

Af rest frame
AY rest frame o ¢

a_ZRe(S*'P)
ISI”* + 1P/’
2Im(S* - P )
p= n;( 2):\/1—a2s1nA
ISI” + [P|"
_ ISP PP Ji—e
V= SZ+ P2~ 1 —a“cos A,

Lab frame

A rest frame

* This study takes advantage of nearly 100% longitudinal
polarization of the Af from A) - ATh~

EiRs ZE5/ELHChRGYIET = 1A



%Z\a CPV search in A7 two-body decays

RUN1+2 data PRL133 (2024) 26, 261804

l§800°_‘ LHCb,Q,I(] ! §2000;A2_>A:(_1A”+)”_ . ‘,f—m;(—mk*l)”- ]
2 [ AApKYT > [ +Data ~+Data(x10) ]
56000:" i?ﬁ“‘ 51500: —Fit —Fit (x10) .
W -l - Simultaneous fit to five decay
4000 k¢ xio) 1000}
: : . O A+ K —
200l sof modes: A} = A7 (= pKg)m™,

[ LHCb,9.0fb"

SCECCuotuBURRNNRUN (! eI AE(= pK)K™, AL (= An )™,

(cosel) (cosel)
+ V- A+ Y-
™ A (s ATDK T, A (= AK )T
2 [ LHCb, 901 A-AoArIT ] g L . b ] C
S2000 4 Daia ] E2000f Lxchsom ! +Dm
3 r —Fit 1 wv [ 0_)_+‘_> o]
2 1500f Acaord Sisoof b |
. — Fit (x10) 2 - ]
Fiwo 5 | A, = (a+a)/(a—a) = —tan Adtan A
500 50034* +—:
of o no CPV 1s seen
(¢,) [rad]
() Aa

AV Afm —1.003+0.008£0.005  0.007 = 0.008 % 0.005
A9 5 AFK- —0.964+0.028+0.015 —0.032 + 0.029 + 0.006 } first measurement

AF — Axt —0.785 £ 0.006 £ 0.003 —0.003 £ 0.008 + 0.002
} most precise

At — AKY  —0.516 £ 0.041 + 0.021 0.102 £ 0.080 = 0.023
AY - pK? —0.754 £0.008 £ 0.006 —0.014 £ 0.011 % 0.008
A — pr~ 0.733 £0.012 = 0.006 —0.022 £ 0.016 £+ 0.007——

consistent with BESIII

EiRs ZE5/ELHChRGYIET = 185



LHCb

CPV search in AL two-body decays

PRL133 (2024) 26, 261804

The parameters (3, ¥, and A are measured for the first time

Decay AT — Ant A - AK™
B 0.368 £ 0.019 £ 0.008 0.35 £0.12 = 0.04
B —0.387 £0.018 = 0.010 —0.32 £ 0.11 £0.03
0 0.502 +£0.016 = 0.006 —0.743 £+ 0.067 = 0.024
0 0.480 £ 0.016 = 0.007 —0.828 £+ 0.049 £ 0.013
A (rad) 0.633 = 0.036 = 0.013 2.70 £ 0.17 £ 0.04
A (rad) —0.678£0.035+0.013  —2.78 +0.13 +0.03
Rg 0.012+0.017+0.005  —0.04 +=0.15 £ 0.02

s —0.481 =0.019 £0.009  —0.65 = 0.17 = 0.07

Ry =(f +p)/(a—a)=tanA¢

L= (B-P)/(a—a)=

r

tan Ao

no CPV is seen

A - Anrt
A = 0.01 + 0.02
Ad = 2.693 +0.017

A - AK™
Ap = —0.03 + 0.15

A6 = 2.571+0.19

S SE5FELHCbELGYIEITS
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Charm Rare Decays
Rainbow of the Charm decays:

from forbidden to not-so-rare decays

D’ > ute D}, > 'l D’ 5z 7'V(->1I) D’ - K%
D® - pe” DF. - KT D’ 5 p V(=) D - (4, ,0)
A . (s) 0 ity P 0) ¥
D(s)—>h ue D - K-7'1*I- D" "> K'KV(>I) i . .
) S b D' >4 V(=) ¥ )
LFV, - BNV FCNC VMD Rad'ive
0 10™ 10" 10™ 10" 10" 10" 10° 10°® 107 10° 10° 10*
Diy > hI'T D D sapr DK AVEI) DTS-
=
s s D’ > ee D'5p I'I-  D'>K V(I) D' 5KV
D X':*I* D' > KKk 1'I- D' - D' 5 K=
- D' 5¢ I'I
FCNC [PRD 66 (2002) 014009]

short distance contributions to effective ¢ = u transitions
are tiny (< 1079)

* Shortdistance : interested, computable by pQCD, directly

testSM Bpooxgete- 281077 Bpy g4, =2:107

EiRs ZE5/ELHChRGYIET = 17



FCNC suppressed in SM

+1-.
dcos O + ssin f) coul'l:

u (
Stronger diagram cancellation than down-types
2° z°
B b : £ £ Short Distance ¢
g 4 v contributions :f_(< ¢
(dcosfc + §sinfc) W . W . b ~b .
' c u
q q q

Figure 7.15

Gr

c (eoste—dsinfo) | Lijp=gvave 3. GQ: " Sensitive to new physics
2 4 Z° IJ_,J< : w ;
. ¢ %w u P Y £
¢ ($cos - — dsinf.) i £

u u

R

a9

(a) (b)

Long Distance

+ —
D - hl™l contributions
T T T T Tt
1074 |— —ESSY i DY — m*ete”
* Long distance effect can enhance the [T Shendnee

rate to 10 ~10-7, dominantly,
suchas D - X,Y,Y - 1Tl (Y=p°, w,

1,01 @)

» Allow with sizeable decay rate in NP

(1/T,) dr/dm ? (GeV )
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% Search for D° - hth~ete™ decays

« LHCb firstly observed the FCNC processes D° - n*m~u*tu~ and
K*K~u*u~ [PRL119, 181805(2017)]
B(D® >t ptu~) = (9.64 + 0.48 + 1.10)x 1077
B(D° - K*K~u*tu~) = (1.54+0.27 +£ 0.18)x10~”
* It 1s well motivated to search for the di-electron mode, to probe the
universality of the electroweak interaction couplings to leptons of different
generations

* Previous best upper limits (ULs) on branching fractions (BFs) are from BESIII

(x10~9)

Decay Upper limit Experiment Year
DO — n0¢te 0.4 BESIII 2018

O —
D’ —nete 0.3 BESIII 2018
D° — wete” 0.6 BESIII 2018

0 + ,—

D’ > Klete 15 BESIII 2018

O —
D® - pe*e 124.0 E791 2001
DY — gete” 59.0 E791 2001
D° — K0¢*e™ 47.0 E791 2001
DY 5 ntnete 0.7 BESIII 2018
DY 5 K*K ete 1.1 BESIII 2018
DY 5 K ntete 4.1 BESIII 2018

Sk SE5/mLHCbEGIIBIMTY S 20



ﬁ’iﬁ]\i Search for D° - i m ete”

arXiv:2412.09414

D? are selected from the decays of D** —» DOgt  —— D Fit

Dortrete B p’—ritnmn
- Partially reco. backg. ~ ------- Comb. backg.
« Observation of DY > ttn~ete  inp/w - " Thc
P 30f Low-m(e*e) Oy F2ly LHCb

6fb™!

and ¢ mass regions 20 ‘ s
* The current best upper limits on BF in m,«/ %‘_&%M
other regions have been established. v '3
* The BF in the di-electron mode is E 421 111
compatible with the one of the di-muon (=22 :
mode. -
g
D’ > ntr~ete™ @
m(ete™) region [MeV/c?] B [1077] 3
Low mass 211-525 < 4.8(5.4) 3
n 525-565 < 2.3(2.7) 5 o\ B W
p°Jw 565-950 4.5+ 1.0+ 0.7+ 0.6 30FHighmere) 4 Baaa
¢ 950-1100 3.8+0.7+ 0.4+ 0.5 ok
High mass > 1100 <2.0(2.2) 10k /at \ 4 ]
Total - 133+1.1+17+18 bl - & o s 2has S0 UL

1800 1900 2000 1800 1900 2000
m(D%) [MeV/c?]

EiRs ZE5/ELHChRGYIET = 24



ﬁ’iﬁ]\i Search for D - K*K ete™

arXiv:2412.09414

D? are selected from the decays of D** - DOz

* No evidences with the current precision. e Duta Fit
* The current best upper limits on the BFs [ DK Kere B o' KK
have been established. B partially reco. backg. - 'Comb.backg. |
. —_ _ L te” Oy 21 LHCb]
« Observation of DY >t ete” inp/w 10p Lowmlere) - Ov =1y 6L 1
. 5F 1
and ¢ mass regions ; ! + ‘L
¢ : MEEYELE I

HAl!

RS
>
O
=
" :
o 4T
il
8 1 7[ 113
D’ - KTK~eTe™ § cPle ]
m(ete”) region [MeV/c’] B [1077] g A
Low mass 211-525 < 1.0(1.1) 8§ L& -
_ 1800 1900 2000
n 525-565 < 0.4(0.5) eV
P /w > 5656 <22(2.5)

s SE5/mLHCbEGIIBIMTY S
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LHCb

syComparison for D° - hth= 111 |

;70 = T T T ; 16 T T T
Q60 F D' - mtmete- § Q14 (. D’ - K'Kete- -
g : i D’ = mtmutu- . g - D’ - K'K utu- .
CsofF 4 <12F E
= - i = 10F =
o WF ERR=IY: :
N = — 8F l =
L —e —] \ .
S Y 1 1 £ 6F =
= C ] = ]
& 20F 1 3 4fF i E
= - | S
10 — .1;:“:: . 2 - l T =
0 F MV L 01— % [ T S
500 1000 1500 200 400 600 800
m(l*17) [MeV/c?] m(l*17) [MeV/c?]

no evidence for lepton flavour universality violation
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LHCD
- )

Search for AY - pu™u~

PRD110, 052007 (2024)
« LHCb searched for Af —» pu*u~ based on RUNI data and place the best UL
in 2018

Mode Limit x 10° Experiment
pete” 55 BABAR
putTu 340.0 E653

44.0 BABAR

0.077 LHCb

« LHCDb searched for AY - pu™u~ in the resonant and non-resonant di-muon
mass regions with LHCb RUN2 (5.4 fb™1) data

v" Determine the branching fractions in the p, w and n resonant regions;
v" Search the FCNC process in the non-resonant region;
v" uses the ¢ resonant region as normalization.
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Search for AY - pu™u~

PRD110, 052007 (2024)

No signal evidence for the FCNC process in the non-resonant region
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The best upper limit: B(A" — pu*tp) < 2.9 (3.2) x 107 at 90% (95%) CL.

ZE5/ELHChRGYIET =

95.0%




140 F

—— Total fit

po(= ptp) |

> 5.60 —

v FE Wi ...

I 1sF

P E

§ 10 3

g

g SF

© o F S

0 2200 2300 2400
m(putu”) MeV/c?]
~~ T + - T
N;Up,r](_> ,U, /J' ) ® Data _E
— Total fit

§> 3 00' ----- AL = pn (1)

- L A oprm
- o ]
: 8 ’ ==+ Combinatorial _:
LA B
§ > (inia G :

0 l > * lev l‘r' .L[ l.‘ T

2200 2300 2400
m(p i) [MeVi/e?]

»pn

yprf

»pp

> pw

Search for AY - pu™u~

PRD110, 052007 (2024)

BF(x1073)
1.2440.30
1.42:40.12
1.5740.12
1.63+40.33
1.6740.80
0.56192%
0.474+0.10
1.5240.44
0.94:40.39
0.83+0.11
1.11:40.21
0.9840.31

B(A — pw) = (9.82 £ 1.23 (stat.) & 0.73 (syst.) £2.79 (ext.)) x 107,
B(A — pp) = (1.52 4 0.34 (stat.) £0.14 (syst.) & 0.24 (ext.)) x 1072,
B(A} — pn) = (1.67 £ 0.69 (stat.) & 0.23 (syst.) +0.34 (ext.)) x 1072,

BESIII(2017)(87]
Belle(2021)(88]
BESIII(2023)(91]
BESIII(2024)(89)
LHCbH(2024)[92]
BESIII(2022)[94]
Belle(2022)(93)
LHCbH(2024)[92]
LHCb(2018)[95)
Belle(2021)(96)
BESIII(2023)(91]
LHCb(2024)[92)

consistent with those measurements from BESIII and BELLE via non-leptonic decays
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r.ach Resonance enhanced asymmetries in
SN
+ + .,
Ac opup
* Angular distributions and CP asymmetries on AZ — pu™u~ in the resonant
regions can be used to separate the short and long-distance contributions.
* Interference effects between SM resonant and beyond-SM amplitudes can
produce asymmetries as large as O(%)
Two asymmetries are probed:
» CPasymmetry _ D(AF = putpm) —T(A; = putp”)
T (A - putp) +T(A; = putp)

arXiv:2502.04013

In real practice, raw asymmetry A;3" is measured directly and A.p is determined after

correcting the production and detection asymmetries
N(AZ) - N(Ac)
N (AF) + N (AZ)

A = = Acp + Ap (42) + Ap (p) + (AD (M+#_) = 0)

Af - pKE, K2 - wrn~ is used as control sample to estimate the nuisance asymmetries

» Forward-backward asymmetry / |

['(cosf > 0) —T'(cosf < 0) V
I'(cos@ > 0) +T'(cosd < 0)

CP-average and CP asymmetry can enhance sensitivity to real and imaginary parts of
NP couplings 1 + A- 1 /,Af AZ
TArs = 5 (Afs +Ars ) DAm =5 (Ars — Ar )
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Efficiency-weighted yields
m(pTp~)  Signal  Misid. back. Comb. back.
Plow 346+£22 57+21 437 + 26
®high 435+22 35+17 390 + 25
Asymmetries
+ 3 —
m(ptp”) Acp [70] Ay [%] Agsy %]
Plow —0.8£6.2+06 11.7£85+£1.1 22+87+t14
®high —144+£53+£06 3572409 -03£74+1.1

* confirm the SM prediction
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* help to constrain the parameter space of NP models

[Hiller et al, arXiv 2410.00115]
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Summary

Charm physics 1s a unique probe to test the SM and
search for new physics
Many new measurement 1n the charm physics with

many different observables
v improved precisions on mixing and CPV parameters
v except DY - hTh™ , no evidence of CP violation seen yet

v' best precisons in constraining the rates of the charmed
FCNC decays

10
— 2024 (13.6 TeV): 9.56 fb™'

— 2023 (13.6 TeV): 0.37 fo™'

Great prospects from LHCb

with Run 3 dataset
v new precision measurement will
be possible
v record luminosity of > 9.5 fb~! ———

Month of the year

81— 2022 (13.6 TeV): 0.82 fb™'
—2018 (13 TeV): 2.19 fb™'
— 2017 (13 TeV): 1.71 fb'
6 2016 (13 TeV): 1.67 fb™'
(
(

—2012 (8 TeV): 2.08 fb™'
—2011 (7 TeV): 1.11 fb™'

Integrated Recorded Luminosity (fb™)
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Thank you!
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Backup Slides
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- Rarest charm-hadron decays ever observed:
B(D° - 77~ putp) = (9.64 £0.48 £ 0.51 £ 0.97) x 10~ 7

BD° - K™K putp™) = (1.5440.27 4+ 0.09 + 0.16) x 10~ 7

where the uncertainties are statistical, systematic and due to the BF of the
normalization decay
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— h*h™u*u~: angular and CP asymmetries

Run 1+2 (5/fb)
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e All asym. consistent with zero
* No dependency on dimuon mass
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Observation of the decay
D° > K~ mtete™ at BaBar
[PRL122.081802 (2019)]
LHCb BaBar

. : 0 -+ ,0 -+ S ' ' ; ™ o f T
First observation of the decay D° — K~ 7t p°/w(— p~pt) S B iow | E e B AR
[PLB 757 (2016) 558-567] = f —Tal 3 S f i
8 15F * Signal 3 8 L
'Cl E : 1 Background ; E
@ Measurement restricted to g“’;‘ T - E ,0:_ * | ]
675 < my,, < 875MeV/c? 2 sE : i | 1
o BF(D® — K—mtp~p*) = R TUR G T R TR T
™ (4.12£0.124t2¢ +0.385y5) X 1076 ke ree) (Gevic) nie*e) (GeVIE)
2 o o In agreement with SM - 2
3 predictions [JHEP 04 (2013) 135] Observation for 675 < mee < 875 MeV/ c
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. D® — hth—utp~

1900
m(K n'n'n) [MeV/c?]

e = (4.04+0.54+0.24+0.1) x 107°
A= LT v In agreement with LHCb's
’ e B ML I N Limits elsewhere at 107° level
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Search for AT - pu*u~

@ Similar approach to D} — h™u™ ™~ search analysis (split in dimoun
mass regions, normalise to ¢ region)

o Significant signal (50) in the w region

1) nonresona LHCD
! | —
* \[ 3 e Best limit on the non-resonant component,

it i L8 B(A. — putu-) < 7.7 x 108 at 0% CL
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Andrea Contu (INFN) Rare Charm Decays and Asymmetries 2 Apr 2019
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Acceptance corrections

The detector and the offline selection may have different efficiencies in different regions of
the (myu, cos8)-phase space.

The distributions at generation level and after the offline selection are compared.
125

[ . - . - % 1 ﬂ
The relative efficiencies in the phase space 2 08 12 g
are: 06 1.15
0.4 1.1 g
_ fselected (Myu, cos ) 02 105 £
e (myu,cosf) = <
fgenerated (m,uua Cos 0) 0
-02 0.95
and the acceptance weights: -04 0.9
-0.6 0.85

08 0.8
~bg0 1000 1020 1040 0.75

m(u*u~) [MeV/c?]
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Alternative parametrization

R*(t) ~ Rp(1+ Ap) +/Rp(1 £ Ap)(cep £ Ack,) (i) + (e £ Al ) (i)z L (A.3)

Tpo TpO
where
RY + R
RD=%7 (A4)
Yy +y”
CKﬂ.: 9 y (A5)
1 x/+2+y/+2 x/—2+y/—2
C’Kw=§l( PO P ) w6
RY — R
R}, + R,
I+ -
Acgy = 3, (A.8)
/42 /4+\2 /—\2 /—\2
Ac'm=;[(°"" ARV G R >]. w9)
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Formula

T
dcos 8yd cos 8,d¢;d cos 8,d¢p,

x (14 apoan; €os 0y + ayrap cos 6y + apoap cos by cos b,

— QpOYAFOA sin @, sin &, cos ¢, + aAgﬂAjaA sin @, sin @, sin ¢, )

+ B, (O«'Ag cos By + ap+ cos G, cos 6, + ApO G+ COS 6, cos 6,

+ a, cos @y cos @, cos O, — YA sin O sin 8, cos ¢ + ﬂAgaAj sin @ sin O, sin ¢,
— YA+ @, €08 6y sin 0 sin 6, cos ¢, + P+ ay cos b sin 6 sin 6, sin ¢,

= 7A00 sin @, sin 8, cos 6, cos ¢, + ﬂAgaA sin 6, sin 8, cos 6, sin ¢,

+ ﬂAgﬂAjaA sin @ sin @, cos ¢ cos ¢, + ﬂAgijaA sin @ sin &, cos ¢ sin ¢,

+ yAgﬂAjaA sin @ sin O, sin ¢ cos ¢, + YAV Af O sin @ sin @, sin ¢, sin ¢,

— YAO¥AFOA sin @ cos @, sin 8, cos ¢; cos ¢,

+ yAgﬂAiaA sin @ cos @, sin 8, cos ¢, sin ¢,

+ ﬂAgyA;aA sin @ cos @, sin 6, sin ¢; cos ¢,

= ProPasan sin by cos 0; sin 6, sin ¢, sing,),
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Current facilities for charm study

« Hadron colliders (huge cross-section, energy boost)

s LHCD: 9fb-* until now; world’s largest sample of c-hadron
decays in charged modes (x40 current B factories)

s B-factories (Belle (Il), BaBar): ~e*e- Colliders (more
kinematic constrains, clean environment, ~100% trigger
efficiency)

s Threshold production (BESIII)

< Pair production and double tag technique
<+ Low backgrounds and high efficiency
< Quantum correlations and CP-tagging are unique
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Charm samples

LaCh ‘ BESDI 9

Type Exp | s | Lm | o(c€) | N(cT)
prompt cC

Hadron colliders LHCb | 7,8 TeVv | 3/fb | 1.4 mb | 3.6 x 10*
13 TeV 6/fb | 2.6 mb | 13.2 x 10%

CDF 2 TeV 10/fb | 0.1 mb | 2.3 x 10"

cc from continuum

Belle |10.6 GeV‘ 1/ab ‘ 1.3 nb { 1% 10

e"e™ collider BaBar | 10.6 GeV | 550/fb | 1.3 nb | 0.7 x 10°
Charm factories at DD threshold

BESIII | 3.7 Gev | 3/fb 3 nb 20 x 10°

Cleoc | 3.7GeV | 0.8/fb | 3nb 5 x 10°
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Peak luminosity [10% cm2s]
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Limits on BFs (away from resonances for multibody)

Mode Upgrade (50fb™") | Upgrade Il (300fb™ ")
D% — ptp~ 4.2 x 10710 1.3x 10710
Dt — wtputu~ 108 3x107°
Df - Ktutu~ 108 3x107°
A — pup 1.1 x 1078 4.4 x107°
D° — eu 10—° 4.1 x107°

Statistical precision on Acp (PS integrated)

Mode Upgrade (50fb~") | Upgrade Il (300fb~")
DY — wrptu~ 0.2% 0.08%
DY - ntr—ptp~ 1% 0.4%
DY - K—ntutu~ 0.3% 0.13%
D° - Ktn—putpu~ 12% 5%
D° - KTK—putpu~ 4% 1.7%
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