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Integrated Recorded Luminosity (1/fb)

N W0 A, O OO N 0 O

News from the pit:

Run 2 is over: 9.2 fb-1 of pp data on disk!
Large samples of p-Pb and Pb-Pb data
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Outline
beauty

Measurement of the CKM angle 7y

Amplitude analysis of B — Kgrtn™

charm - mesons

- Branching fractions of doubly Cabibbo-suppressed decays of D(J;) mesons

Dalitz plot analysis of DT — K~ KTK™

- Measurement if the charm-mixing parameter ycp

charm - baryons
Charm-baryon spectroscopy with Dp final states

Measurement of the Q) lifetime
Measurement of the 21" lifetime
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The UT angle 7 is the only CP-violating parameter that can be
measured using only tree-level decays: an essential benchmark!

? V C
b JJJ{J b v
B DK -( VCb ] = w 0 B V*
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7Y determined from interference between b — cus and b — ucs
with negligible theoretical uncertainty

several different methods, depending on the D-meson decay

D 5K K' o nt, K'n, K'n nltn—, ngﬂ' W_,KSK+K_

4 Y

WV WV

GLW: CP eigenstates ADS: DCS GGSZ: Dalitz plot

Best sensitivity obtained combining different methods and decays:
B* - DK* B* - D*K* B* - DK** B - DK*° ...
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Measurement of the CKM angle ¥ using BT — DK* with
D— Kerntn~, KdKTK~  JHEP 08 (2018) 176

> The amplitude for B~ = [Kehth™|pK ™ :
2 2 )

Ap- o< Ap(m?,m7) + rpet®8 =7 A5 (m? m?

¢ The Dalitz plot density :

dl’
dm? dm%r

>, o2 9 T symmetric w.r.t
my = m(Kgh™)

2rp Re|Ap (mz_ , mi)AE (mia m2_) e 10p _7)]

0, +, — : :
D—Kgm'm > model-independent analysis: strong phase

In bins of the Dalitz plot from CLEO-c
PRD 82 (2010) 112006
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> Bins designed for optimal sensitivity to 7

S \° R 'S B DY e s e o

- B—D**1Tv, X, B* — Dn™: control channels

| I |
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o The Dalitz plot is divided into 2n bins, from ¢ = —n to 1 = +n. The

populations of bins +7 are

N{; = hp+ |Fri - (25 + y3) Fai + 28/ FF_i(a4lca |- yast)

N = hp |Fet (22 + 92 ) Fey + 2/ FiF_i(x s H y_lss)
X X 2
normalization fraction of strong phases
factors decays in bins +i from CLEO-c

[, dm2dm?2 | Ap(m?,m2)|? n(m?, m?) from B— D**uTv, X with

F;, =
D fdm2dm+|A (m%,m%)]2n(m%,m%) | D*" =D " D Kontn™

[ dm? dm3 |Ap(m?,m3)||[Ap(mZ, m2)|cos[op(m?, m7) — op(m7, m?)]

\/fZ dm? dm? |Ap(m2,m3)|? [,dm? dm?3 |Ap(m3,m2)|?

C;, =

Y, TB, 0B translated into x4+ =rpcos(dp =), y+ =rpsin(dp £7)
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Results from Run |l

v_=( 90+£1.7+£0.7+£0.4) x 1072
y_ =( 21+£22+£05+£1.1)x 1072
v, =(—=77+£19+0.7+£0.4) x 1072
Yy, =(—=1.0+£1.94+04+0.9) x 1072
0.1k LHCb ‘ _
B
0.1}

Fp

(24, ys) — (z_y_)| = (17.0 £ 2.7) x 10~

6.40 : first observation of CPV in
B* — DK with D — KJhTh™

Combining Run | + |l
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- 2015 & 2016 data LHCb -
[ ] Combined result
0.15— m
0.1 .
005 .
- | | | | | | | | | e
0 60 120 180
v [7
JHEP 08, 176 ]

10° (419°
/y — 800 1_90 (i_18o)
_ 1+0.011 [40.022
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breaking down results by
methods illustrates the
power of combination

LHCb-CONF-2018-002

Y combination driven by
B — DU )+

« 02 . . —— 4 Ir ]
| LHCb | 7 i L?I_Cb 1
Preliminary — 08+ Preliminary _
0.15 _ : :
B 7] 0.6 B a
0.1F b - i ]
- 1 O%Ces3e B B B
005 — 02 _:
0 50 100 150 . 0 50 100 150
(@)
)4 [ ] -Bgdecays 4 [ ]
B*—DK*, D—h3m/hh' 7’ . B’decays
| B*—DK*, DK B B decays
B Combination
B"™—=DK", D—KK/Kn/ nx
- All B+mOdCS o (74 O—I—B,O)O
Full LHCb Combination V= Y —5H.8
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Amplitude Analysis of the Decay B - ngﬂr_ and First
Observation of the CP Asymmetry in B — K*(892) n©™

PRL 120 (2018), 261801

W d, 5

Same diagrams for

0 0 -
B = Kgm'm, oy

BT — Ktx°, 2 0(5) ; u, d(s) T ro
3 hq:’ 2.
B » KTrn™ \U,WQ u, d(s)

amplitudes with similar magnitudes: sizable CP violation expected

The K "puzzle": Acp(BY = KTr7) = —0.082 + 0.006
Acp(BT — K™7%) = +0.040 & 0.021

From QCD factorisation: CP asymmetries expected to be similar
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At present, statistics is not large enough for tagged,
time-dependent Dalitz plot fit

Time-integrated, untagged (BO + FO) analysis (tagging eff. only ~5%)

~3 200 decays . PRL 120 (2018), 261801
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Decay amplitude parameterised by the isobar model:

A:Z F m2 m2 — I
Ck k( ng+7 ng ) Fk% CP—COHSGFVIHQ

A= Z Eka(m%(gﬁ,m%(gw_) cy # Cr — CP violation

neglecting the yet unobserved CP violation in mixing:

Spdf X |A(m%{gﬂ‘+7m%{gﬂ'_)’2 —|_ |Z(m§(gﬂ'+7m§{gﬂ'_)|2

for flavour-specific quasi two-body modes:

A el = el
U ew]? A+ el

AC’P — Aravv — Adet (Wi) — »Aprod(BO/EO)
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flavour-specific modes

The model for the decay amplitude

Resonance Parameters Lineshape Value references
. _ mo = 891.66 £ 0.26
K*(892) Ty = 50.8 & 0.9 RBW 127]
Re(Ao) = 0.204 £ 0.103
— Im()\()) =0

(Km), Re(\) = 1 EFKLLM [28] 28]
K3(1430)~ mr?ozzlggi'ij;}?ﬁ RBW 27]
. _ mo = 1717 £ 27 , .
K*(1680) Iy — 332 + 110 Flatté [29] 27
mg = 513 4= 32 -
fo(500) Iy — 335 + 67 RBW 30
0 mo = 775.26 £ 0.25 -
p(770) Ty = 149.8 4 0.8 GS [31] 27

mo = 965 £ 10
fo(980) gr = 0.165 £+ 0.025 GeV Flatté [32]

g = 0.695 4+ 0.119 GeV

mo = 1505 £ 6

fo(1500) 1“?) 1004 7 RBW 27]
mqo = 3414.75 £+ 0.31

<O o =10.5+0.6 REW 127]

Nonresonant (NR)

Phase space
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L 2200 I LHCh L 20 LHCb
T 200F T 200% :
2 180F E 2 180F . 3
O - O : direct
%2 160F — K*(892)F - QI60E | by BY 3
= 140F : = 140F E
= 120F = TT20E E
% 100F . 3 100 — K*(892)~ E
S 80F S 80F (892) =
2 60F 2 60F
< - <
@) 40:— @)

20F

O'u

0

M, [GeV?/c?]

mo, [GeV/ct)

e Kr)gmt = —0.032 £ 0.047 £ 0.016 & 0.027
of CP violation in Ace( *W)OW >_
Acp(K3(1430)"7%) =—0.29 £ 022+ 0.09+ 0.03
B’ — K*(892) ™ Acp(K*(1680)"7) =—0.07 + 0.13+ 0.02+ 0.03
Acp(fo(980)K?) = 028 4+ 027+ 005+ 0.14
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charm: mesons
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Measurement of the branching
fractions of the decays
DT K- KTKT, DT> nTKT
and Dj—) nKTK™T

arXiv:1810.03138

o charm: not light enough for XPT, not heavy enough for HQE

> theoretical description of decay dynamics relies on phenomenological
models

o branching fractions and resonant structure are crucial inputs

17 A. Reis - Latest results from LHCb - COMHEP 2018



Doubly Cabibbo-suppressed decays

V, |74
G 3
¢ Vus C:S c VCd c Vcd
ot Ved C:f K- D' 7 d m D} _ d qr-
_ < u < u
d : :
u K+ \\g - \;_’ K+

Method:

measure ratio of

+ . rod b
branching fractions of B(D) = fsignal)  Nigral Aprod _ Z N©Obs

signal and normalization  B(D{) = faorm) ~ Niaem .
modes :

g; — efficiency as a function of the Dalitz plot coordinates

N?P® 5 yields in bins of the Dalitz plot

B(D*— K-K+tK*) B(D*— rntK*) B(DF— r KTK")
B(Dt— K-ntnt)’ B(Dt— K-—ntrt) B(Df— K-K*rt)
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x10*

arXiv:1810.03138
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Yields [x10°]

Channel MagDown MagUp Total
Dt— K- KTKT 67.61+0.33  66.69+0.33 134.30+0.47
Dt — n ntK+ 401.2+ 1.0 393.74+ 1.0 79494+ 1.4
Df s n~KTK+ 33.7+0.4 33.6+0.4 67.2+0.5
Dt— K~ K*tr+t 11657 +4 11482+ 4 2313945
Dt — K—ntzt O 1032824+10  101008+10 204290+ 14
Dt — K-+t () 80197+ 10 785304+ 10 158727+ 13
DY — K- K+rt 11629 + 4 11414+ 4 23044 + 5

B(D"— K~K*tn™)
B(Dt— K—ntrnt)

= (10.282 4+ 0.002 £ 0.068) x 102

B(DT— K-K+K)

(calibration mode)

1074,

= (6.541 4 0.025 =+ 0.042) x
B(Dt— K-mtnt) ( )

B(D"— n ntK™"
B(Dt— K-ntnt
B(DY — 7~ K+ K+

= (5.231 £ 0.009 + 0.023) x 1072,

These results: an
improvement of ~40X
compared to previous

measurements

(2.372 £ 0.024 +0.025) X

)
)
; x 1072,

B(Df— K-K*n+
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Dalitz plot analysis of
DT > K KTK™

o first determination of resonant structure of this DCS decay

o data fitted using a decay amplitude derived from an effective
chiral Lagrangian with resonances

- obtention of K~ K+ — K~ K™ scattering amplitudes

LHCb-PAPER-2018-039, in preparation
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DT - K~ KTK™ signal:

S & i
= 10000 | /\ —
O C ]
= 8000 [ LHCb ]
-’ _ Preliminary P ~100K cand. 1
géooo_— within 20 -
@ _ i
S 4000 ~90% purity —
2000 - —
0 ) L .'l § N .

1820 1840 1860 18 1900 1920

(KK'KH[MeV/c2]
z: 5

* |
: F;m***,,,mﬂ,ﬂ*ﬁ** g bttt iy *i*w*mg*,ﬂﬂiﬂu,ﬁi*M

LHCb-PAPER-2018-039

interference between —

Invariants computed
with DT mass constraint

S- and P-waves
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Dalitz plot of candidates
In the signal region
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DT — K~ KT K™ Dalitz plot fit with the Triple-M amplitude

Triple-M: a model based on a chiral Lagrangian PRD 98 (2018) 056021

(@) (0)
. L+ cannot form a 0,
the key hypothesis:
. y-yp ora K"K~ pair
annlhllatlc?n topology 7 ~without rescattering
dominates dd
+ B
D \ unitarised
— scattering
amplitude A

annihilation: 7T = Tyeax X [1 +1oop x A + (loop x A)? + (loop x A)® + ...]

spectator: 7 = Tyeak X (loop x A)|x [1 4 loop x A + (loop x A)? + (loop x A)® + ...]

strong amplitude calculated on solid theoretical grounds: ChPT
24



Dalitz plot fit with the Triple-M amplitude

K

.
the Triple-M amplitude: (@)
Dt K~

> coupled channels (=0 and I=1):

ab= KK, mr, m, nm, pm "
K

K+
(b)
D+
.
+ K+
(© ' (@ Kt
o 4 resonances (minimal SU(3) content):
Dt -b D+ b
f0(980), ao(980), fo(1370), ¢(1020) o "=,
VK— d\..v_
+ K+

T = (KKK)*TID*) = (KKK)*|A,[0) (0]A*|DY). K

_J/

-~

(0]|A*| DY (P))=—i G sin® 0c Fp P*

(Ki KYK$|T| DY) = (K K K5 |T.|D") +
(Ky KS (KD TOY | DY + (K7 K (KD | T | DT)
T | D)

(Ky Ky (K3 T

-
=
_|_
5
.
I:Di_
3
-;

3

7Y s spin-isospin sub-amplitudes, including resonances (NLO)
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candidates/(0.0095 GeV?)

Good fit is obtained with the Triple-M — x°/ndof ~ 1.1

F1-9—'|""*—J- """ ——— T T 4 Q\ - | r 1 1 T 1T T "™ 1T ™1 3
> n N | ——:’::':_ - = = ]
S 18F &= m==u LHCb s 2% LHCb LHCbD 7
g isa . - 2 70F . =
B L7 R === o & E unnoficial E
“ T —— =t 60 g=
1.6/5HH = S====—aaial - 3
T . =l o S0 =
LS A = - 40 F E
n AT AEmEET=—nl 1 -1 - ]
1A ST = = 30F 3
- R 1 -2 - .
1.3 Igmaninny %j: LHCb 4 20 3 E
1 2F Ty i unnoficial _ZI'3 10E E
[ i IR BTN . ol IR R ST S SRTE N _4 0: | T T T T | 3
slow 1GeV?] Normalized residuals
- T i — i i 1__ — 1800_—" | T T L |_|__
woop | 1 3 ek * LHCb
- LHCb LHCb 8 F * :
- . . ] 1400_— ]
S unnoficial : 8 F | i -
- N L 1200 — s -, ]
2000 [~ — 2 - - bty 1t Y .
- 3 2 1000— oy } =
- - 3 PN Z
1500 — — = - ¢ ]
- - - B LHCDb -
- ] S - . ]
1000 - E 6005 : unnoficial .
- = 400 —¢ L
E I
- ] 2001 7 I
0 O_ | T o o0 v v o0 (e N
1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 219
S e 1GEVT]

26 A. Reis - Latest results from LHCb - COMHEP 2018



scattering amplitudes: Yot s (1=)=0 200 Dt Ly K—pt et o
well-defined spin and Zaw CERN-Munich "2 i
Isospin 2 il vl B E791 '
=200 o 1 &
9 ’ . A
decay a_mplltud_es: E o {‘ o
well-defined spin, N : I
3-body FSI, weak vertex, , 1" BaBar RGENE
. . 2200 } % i D+ — 7T_7T+7T+ 7 n
isospin averaged } 5 L
B B S By ¥ L B TR R TR B R VI I
nn mass (GeV/cY) K mass (GeV/c?)
18OI""I""I""I""
O Heh LHCb

Phases from scattering
and decay amplitudes,
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Triple-M prediction for
resonant structure: . . ..
94% S-wave phase shift and inelasticity
ST of KTK~™ — KTK~
o 7% ¢(1020) 200 e |
§ [ 1=J=0
large interference between the T
various S-wave components: ook
> improve Triple-M amplitude 50 LHCb
. simultaneous analysis of 0<g+, - I‘frllholf'lc'la! =
1 1.1 1.2 1.3
DY - x atnt, DY = nrtqd m(K*K') [GeV]
8: 115' L L L e s ':
e :
7; 092__/\_/\ _;
osf 7 threshold =
£ 0.75— ". —
35 . LHCDb j ]
i: 0or unnoficial E
i _ _ _ _ : 05- i T Ill.ll - Ill.2l - Ill.3l T
K*K~ invariant mass [GeV/c?] m(K'K) [GeV]
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Measurement of the charm-mixing
parameter ycp

> neutral D: mass eigenstates are linear combination of flavour eigenstates
D1) = p|D% +q|D"), Do) = p|D°) —q|D")

I''+ T
o average mass and width: m = ™ ;mz, =1 ; °

© mixing is governed by two dimensionless parameters,

~ A [y—Ty AT
p=—2 T =22l gy < 1%
iy i} 2T 2T

o if CPis conserved, mass and CP eigenstates coincide:

|D1) = |Dop-) =|D-), [D2) = |Dcpy) = [Dy)
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A Asl| .
- all types of CP violation are contained in Ay = 127 _ |91 £L e'?
pAr |p||Ay
Z% # 1: CPV in mixing; ¢ # 0 : CPV in interference between

decays with and without mixing;

—| # 1: CPV in the decay;
Ay

o for charged mesons, the decay time distribution follows a simple exponential.
Not true for neutral mesons due to mixing.

o assuming no CPV in the decay:
dr
—(D° = 1t h7) = e T Apnf? [~ |p/ql(y cos ¢ — wsin )Tt

dl’ —o _ _ :
E( — hTh™) = e App|? [1 — |g/pl(y cos ¢ 4 @ sin ¢)T'¢]

al’
dt

dr —
(D° 5 K~nt) = —(D" = K n") = e | A
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if CP is conserved (|p/q| =1, ¢ =0) :

dr
(D° = hth™) = (D = hTh™) = e THAu 2 [1 — yT]

al’ (
dt

dt
DY - KTK~ /a7~ : CP+decays; D° — K*nT: 50% CP+, 50% CP-

T
CFP+ L~ %[(VQ/P\ + |p/qly cos ¢ — (|q/p| — |p/q|xsin )] is

equal to the mixing parameter y if CP is conserved.

Yyop =

this measurement: Yo p from the difference between the widths of
CP-even and CP-mixed D" decays,

Ar =Tcps =T, yop =Ar /T
using

[ = 2.4384 4+ 0.0089 ps—* (PDG)
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- DYsignals from B — Dy~ v, X

100

> bias in decay-time suppressed by
Imposing detachment requirements
on the 1 candidate

50

30

Candidates per 2 MeV/c?

o data samples split into 19 bins

of decay time ?

10

o ratios of efficiency corrected yields of 100
D’ - hth™, D' - K xT are 200
computed for each bin 200

100

o distribution of signal-yield ratios fitted 1.84 186 188 1.90
with D’ mass [GeV/c?]

o—(Ap—T)t
Bin+n-/xm = — 1
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0.20 LHCDb —

R[KK/Kfc]
S
=
8
-
~$-
|

018—_

. e Data i
%0.07()&’%%4" { +—l— I—Fit -
= 0065 |- + +++ | T -

0.5 10 1.5 20 2.5 30 3.5
D’ decay time [ps]

this measurement: ycop = (0.57 + 0.13 4+ 0.09)%

world average (HFLAV): ycp = (0.84 £ 0.16)%

consistent with mixing parameter Y : y = (0.62 £ 0.07)%
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charm: baryons
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Charm baryon spectroscopy with
DYp and D7Tp final states

Baryons made from u, d, s and ¢
quarks form SU(4) multiplets:

1-|—

J¥ S weakly decaying states

_|_

3 .
JE = 5 - strong/electromagnetic
_I_

decaying states into J* = 5

In HQET: charm baryon made
of a ¢ quark and a diquark

et}

35 A. Reis - Latest results from LHCb - COMHEP 2018



PDG 2018 : 24 known charmed baryons. Six added recently by LHCD.
Nine have no spin-parity assigned yet

Two methods to study the spectrum of charm baryons:
prompt production and Ay, — H. + X decays

u
d

Prompt production: d ~ ld  D*0p DA
/\ '*",z + < *)+ *)+
pp— H.+ X, H. — D% /D*tn "~ 7" a D™, DM*AO

(o™

Reconstruct prompt D' - K ntand D" - K ntn™ decays
and combine with a proton or antiproton coming from the primary vertex

data from Run 1
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DY 5 K—nt

DY - K ntgt

the D signals...

x10° x10°
“o 150 ‘o 400F
> > [
$ | 2011 LHCD g [ 2012 LHCD
= unnoficial S 300f unnoficial
~ 100 - [
" I " [
2 2 200
© (1] B
© ~ ©
T 50 © i
= - S 100
& i &) -
0 X ‘ 0 N M 3 3 2 rl 2 n I
1820 1840 1880 1900 1820 1840 1860 1880 1900
M(K 7*) [MeV/c?] M(K 7*) [MeV/c?]
x10°
o60000— ™, 200:
s | 2011 -HED : [ 2012 -HED
= | unnoficial = ool unnoficial
o o
+40000 - i
PE o |
Q 2 100
(1] L C i
© ©
520000 5 -
5 5 oof
o o

1840

I1880. I 1900l
M(K r*7*) [MeV/c?]

1840

1900l
M(K 7*1*) [MeV/c?]

1860 1880
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...and the Dp spectra

"©10000F "o 4000f-
> >
2 four structures < LHCb
10 observed o 3000[- unnoficial
o oY i
) : - :
£ 5000 LHCb @ 2000F
= unnoficial 3 -
§ g 1000
O
0—=— l I l I . 0 ! L P i, S L
3000 | 3200 2 3000 3900
M(D"p) + cc. [MeV/c?] M(D*p) + cc [MeV/c?]

1
(x2 —m?)2 + m212(x)’

signal:  BW(z;m,T") = 2zq(z, my, ms) X

phase space 1

factor:  q(x;my, me) = . (22 — (my +m2)?)(2? — (M1 — m2)?),

r=M(Dp), m=DMMA,/S.), mi,my=M(D), M(p)
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Preliminary results

A.(2840)T — m = 2839.0
' =234+3

A.(2880)" — m = 2882.7

0.1 4+ 1.2MeV /c?

10MeV /c?

0.1+ 1.4MeV /c?

I(JP) — O(g—I_) I'=74+04+ S.GMGV/CZ

A.(2940)" — m = 2940.6
I(JP)=0(3) T =28+2

».(3050)" /£.(3050)" — m = 3060 & 2 4+ 9.0MeV /c?

0.3 4+ 3.0MeV/c?
14MeV /¢

['=069+12+ 52M6V/62

39

not consistent with the
state listed in PDG
and found in A} — D"pr

well-established states,

good agreement with
PDG

possible interpretation:
ISOSpin partners



Measurement of the Qg baryon
lifetime

1
o HQE: inclusive decay rates through an expansion in powers of —

ma
> Inthe limit mg — o0, all Hg hadrons have equal lifetimes
- Works well for b hadrons: 7(B%) ~ 7(B°) ~ 7(B%) ~ 7(AY)

> Falls for charm: T(Di) ~ 10 x T(Eg). Sizable higher-order corrections

o lifetimes are important for understanding non-perturbative effects

- expected lifetime hierarchy: Tg+ > T+ > T50 > T
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to reduce systematic uncertainties due to time-dependent efficiency:

0
7(€ . .
r = (£2) » D7 lifetime known to high accuracy
(D)
B—>D"uv,X OV = 0%, X
ILL s y b c:u v 9
. Dt - K ntn™ Q) - pK Kt
. 3<1O . C
© | LHCb ~+Data . [ LHCb -+ Data
S| — Full fit = 300 Loy —Fun
% 0L —D">K n*rnt % — Q—pK Kt
To) Comb. Al Comb.
S | Z
= 0 200~
" 2
O ©
© i O H TAL,LT+ h +
2 o B AT O\ Hhgy
c r © 100+
© @)
O
e VN
1840 1860 1880 1900 2660 2680 2700 2720
K n*n* mass [MeV/c?] pK K 7n* mass [MeV/c?

Run 1 data: 978 =60 Qdecays PRL 121 (2018) 092003
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decay-time distributions: computed from the positions of the
H:hadron and PV, and the H: momentum (o ~ 85 — 100 {s)

3 [ LHCb B—D* 1 vX
Al
o
S 10%
s
D i
2 |
T10°F
2
2
0 1 2 3 4
D™ decay time [ps]

é’ LHCb Q, > VX
<10 + Data
2 = Fit
O
Q
>
©
C
D
N
10F
I S N S S R S S SR B
0 0.2 04 0.6
Q° decay time [ps]

a simultaneous fit of the two H. decay-time distributions:

7(Q.)
(D7)

PRL 121 (2018) 092003

7(QY) = 268 -

= 0.258 == 0.023 == 0.010

:24::10::2f8

previous world average: 7(0p) = 69 + 12 fs
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Signal yield / 0.04 ps

the new lifetime hierarchy:

T(E8) > 7(Q) > 7(AD) > 7(E¢)

o Pauli interference between s
quarks? Qg —css,c— WTs

o 02 04  Tos
QY decay time [ps]

e _hob aaevx | © Spin of the SS system?

Q- pK K

FOCUS [2003] Hiah - HOE

WASS [1995] o Higher-order contri u_tlons mOQ

E687[1995]  — from non-spectator diagrams"
0 200 400

0 . . -
PRL 121 (2018) 092003 % fetime {fs
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Measurement of the lifetime of the
doubly charmed baryon =TT

CC

> Quark model: forms an isodoublet, =7 (ccu) and =7 (ccd)

(Ee") -

=1 was not observed yet. m m(Z7,) expected to be small

S. Fleck and J. Richard, Prog. Theo. Phys. 82 (1989) 760 :

More precisely, if one takes spin forces into account,'?

+

ﬂ%(ccu, 23) —ﬂ(]/ib’)+j%(D*) 356 GeV |

M ccu, ) =4 ]/!F)+TJ%(D*)+TW(D)z3.45 GeV . (6)

It is very remarkable that, from the above inequalities, one predlcts almost unam-
biguously the mass of the ground state (ccu) as:

M=~3.64+0.1 GeV . | (7)
LHCb: m(Z ") = 3.62140 4 0.00078 GeV  PRL 119 (2017) 112001
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—4+ + 10—t T + — T
=TT ATK T, A - pK T
— T 1 ' T T ‘T T T T T T T
é) 140; 4 Data 304 4+ 35 _
120 —Total fi E
~ 100F "~ Signal + =
P [ ----Background ® . H -
s 80f ' [
o C + VR
S 60 + + Nal— TP T + + E
= n P * ;! .
S 40 ; E
20 E
:J 1 . R T L 1 1 -
3500 3600 3700

m(ATK mtr*) [MeV/c?]

> first measurement of = lifetime

control mode with similar topology:

reduced systematic uncertainty

Ot — 63 ts for

—++

—cc

and 32 fs for Ay

. 1.7 fb' @ 13 TeV (2015+2016)

PRL 121 (2018) 052002

~ 800 |
O L
S 700 ()
%) 600 E_ -<4-Data
“ F — Total fit
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§ 400 E ---Background
= :
T ann Bee e ot o L '
Z 300 &
- u ]
= = 3
S 200E :
100 ;— —;
O:J A e ele e === 7 ] 1 Py S L L:
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Q = | — T T
'3 020 LHCb -
o) B —_ -
Zoisk 4] B
EF + A, ]
B N )
< 0.10} bkg. subtracted -
e _-?-'Y"Y'+_ ] ]
0.05'4> $+ “Y-y- -
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e PRE TS . .
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0.5 | 1.5 2
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efficiency as a function of decay time

N T T T I T T T T | T T T T I T T T T @ B ! | ! ! ' ! | ! ! ! ! | ! ! ! 7
o 0 6— LHCDb simulation ] = 0F LHCb E
g YOL —++ . lon\ 50:_ - —¢- Data E
2 05F ch E : -9+ — Fit :
s U FA 4H S wF ] =
S 04F 1 - T :
303: Y- + + + 1 £ 0T E
g AT Ty Forlr 1l 3 3 20F
S 02RK * 1|4 S
S V- e +73 S 10
Q. Il.d O
§ 0.1 & = N S o P 0L
< O:’:‘- - | ol T L + ,
0.5 1 1.5 2 0.5
Decay time [ps]
ratio of decay-time ~ Jfzx+(t)  e=r+(?) X exp ( t t )
ot ' 0 =+
distributions fao(t) EAQ T(A))  7(ELT)
—++)\ __ +0.024 1
T (E57) = 0.256 T g5 (stat) & 0.014 (syst) ps

fitted decay-time distribution

weakly decaying nature of =

=1 is established
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Looking ahead

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

53 ‘Rund sa DR
% Upgrade

a Uplgrade Jo] Upgrade Il P

> estimated uncertainty on 7V : 1.5° with 23 fb-1, and 0.35° with 300 fb-
o solution to the various anomalies: Rx ), Rpw), Rj/qy, angular distributions

> precise measurements of B(B(,) — p*u™)

o CPV in charm, precise measurement of charm-mixing parameters

New Physics may be discovered in the intensity limit!
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