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Highlighted LHCDb results

 Charm mixing and CP asymmetries
- First observation of mixing in DO — Kttt decay
- Mixing and CP asymmetry in DO — K+1t- (DT, preliminary)

- Difference between CP asymmetries in Do - K+K-and Do -
T+TT- decays, AAqp (pion tagged)

- CP asymmetry in Do - K+K- decay (preliminary)
 Rare D decays

— First observation of D - Krtuu decay in the po/w region in the
dimuon mass spectrum

- Search for D —» e+y- decay



LHCDb detector

VErtex LOcator _ RICH detecs

~(15+29/p1)} pm IP resol.
~45fs decay time resol.

Magnet

0,/p-0.5-1%@5-200 GeV/c

]
Muon System

Weight: 5600t
Height: 10m
Long: 21m

(GT0Z) 2200EST '0S V SAUd PO T |

S —— Calorimeters
x10® | :
« LHCb acceptance: 2 <n < 5 (forward region) T“’; 4.5 LAY Preliminary E
2 4F poxr E
- All the results presented today are based on 2 35E S s e E
(a subset of) 3fb1 Runl data of LHC collected 2 3
within 2011-2012 g 5E :
« 1.15 billion charm hadron decays T
reconstructed in Runl >20X CDF samples S o5t
of 10fb! 0 80 1900

K" mass [MeV/c’]

G00-9T0Z-ANOOD-9OH'1



Mixing and CPV in D° — D°

Charm mixing: unique probe of mixing in the up-type quark system

- Mass eigenstates are related to their flavor eigenstates via

D, > = p|D% + ¢|D*>, with g + [p]> =

* |findirect CPV is conserved, |¢/p| =1, ¢ =arg(qg/p) = 0

- Mixing parameters based on the mass and width differences:
x =(m,-m)/L, y=0,-1)2L withl' = (', +T)/2

In the SM, expecting

- x,v~1% or less
- CPV ~1% or less

Observation of enhanced CPV In the
charm sector would be a clear

iIndication of new physics
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Mixing and CPV in D° — D°

« Charm mixing: unique probe of mixing in the up-type quark system

- Mass eigenstates are related to their flavor eigenstates via
D, > = p|D*> + ¢|D”>, with |g[* + [p]* =

* |findirect CPV is conserved, |¢/p| =1, ¢ =arg(qg/p) = 0
- Mixing parameters based on the mass and width differences:
x =(m,-m)/L, y=0,-1)2L withl' = (', +T)/2

* |Inthe SM, expecting u - | c

- x,v~1% or less
- CPV ~1% or less

* Observation of enhanced CPV in the - ~q.

charm sector would be a clear

dicati " hvs: Shor*'r-disft-ﬁ-ﬁcé“con’rribquon
indication or new physics NP might manifest in the loop

D’ New physics? D’



D° flavor tagging in LHCD

A

Primary Primary B,“
D Vertex b Vertex 7
oy — i
D* - D°m*_decay chain B - DO p'v X semi-leptonic
Pion tagged: flavor Muon tagged: flavor
determined by charge of determined by charge of
soft pion from “prompt” D muon from B

Doubly tagged (DT): flavor
determined by charge of soft
pion from “secondary” D",
which is from muon tagged B



Mixing in D° — Krt(1Tm)

Signal yield
ratio as a D°
function of D°

decay-time: R(t) =

Kfnn~n™)

CF WS: Wrong Sign

D° N\cr
D° Kn{nnh
7’ /pbcs RS :Right Sign

In the limit of x, y « 1, and assuming no CPV, the WS/RS
yield ratio R varies with D° decay time t as:

:\:(H* S) ( f) , / _.I__,IE + 1 jfz ¢ 2
. == =l 5 7 v/ Rn - =3 N e e

. known D’ lifetime R : the ratio of DCS to CF decay rates
o: strong phase difference between DCS and CF amplitudes
( X! ) ) ( cosS  sing )( X )NB: Different R, and § in

, .
y —-sind  cosd Y ] D—Km and D—=Kmntmt cases




PRL 116 (2016), 241801

Observation of mixing in D° - KTt

« Fully inspired by the previous LHCb
analysis with Do - K, pion tagged
[PRL 110 (2013),101802]

- Was first observation of Do mixing
from one single experiment

No mixing hypothesis rejected at 8.20

First time in a multi-body decay
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L HCb-PAPER-2016-033 (in prep.)

Mixing and CPV in D° - K

« Separate mixing measurement on Do and Do:

t a2 2t )2
RY(t)~ Ry + /RSy — + ; .
T (5
PV

« Using Doubly Tagged samples, complementary to g -
previous measurement using prompt D* — Dort+,

[PRL 111, 251801 (2013)]

Advantage for DT: improved acceptance at low decay time t & cleaner background
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L HCb-PAPER-2016-033 (in prep.)

DT + prompt for D° — Kt

6E- LH =

E Prc]m:lmary E

. . 55 =
 Combined fits to both prompt and DT ~ JE 3
samples to extract mixing parameters 2 L E 3
(R+, X'2t, y't) separately for Do and Do: i 45_ 3
L 2 - -

P Lo T £ = E

RE(t)~ Ry +/Rby™ — + =2 S E
! T 3E- =

* Sensitivity improvement over “prompt g E
alone” results for different fit setups: SE E
Parameter DT+prompt combination Prompt alone % Error Improvement £ 5 —
No CPV = = =

Rp[107] 3533+0.054 3.568 + 0.067 19 o 4SE -
x'2[107°] 3.6+4.3 5.5+4.9 12 o - -
y'[1073] 5.23 +0.84 4.80 £0.94 11 4 —
?/NDF 96.504/111 R+ - - IOl L = 3
X/ MR =Ry, x'#=x'%, y'*=zy JsE E
No Direct CPV — -

Rp[10-7] 3533 +0.054 3568 + 0.067 19 o E : —
24107 4.9+50 6.4+5.6 11 SE E
§'+[[10—3]] 5142091 4804108 16 No CPV found 0.6 =
x'*[107°] 2.4£50 4655 9 o 04F =
y[1073] 5.32£0.91 4.8+1.08 16 = ,E ! i L S
x*/NDF 96.147/109 . — B- W 02F I E
R, =R, < L } ’ L S ;

All CPV Allowed Y = I } H I‘ "

Rp[107] 3474+ 0.081 3.545 + 0.095 15 9 = E
x'#[107°] 1.1£65 49170 7 o 04 :—% =
y"*[1073] 5.97 +1.25 5.10 +1.38 9 —06fF =
Rp[1073] 3.501 +0.081 3.591 +0.090 10 osE E
X3 [107%] 6.1+6.1 6.0 £6.8 10 S 10
y"[1073] 450 +1.21 450 +1.39 p° t/e

13, , + : :
\2/NDF 94.960/108 All floating "1 K'r* detection efficiency

[
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Using prompt D™  Ki(m)

P\/K‘ ﬂ';_ K+(7l_+)

K+ 0 f\7+] — *— 0
A (f) < MID™ > D(fymd] = NID +q%

Physics observable Tlon

detection asymmetries n detection asymmetries D™+ produ(;tion asyminetry, mainly
reconstructing the final in reconstructing the arising from the hadronisation of
Null for CP-eigenstates soft pion. It cancels out | | charm quark in pp collisions.
f=mtm, KK. in the difference. It cancels out in the difference.

- After cancellations, we have the A_, difference:
AACP ox AraW(K_K+) 2 Araw(ﬂ-_ﬂ-_l_) o AOP(K_K+) g ACP(W_W—'_)

To account for imperfect cancellations of detection and production asymmetries due
to difference in the kinematic properties, distributions of D™ decays of KK
reweighted to those of 1t
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Using prompt D™  Ki(m)

A_, forD° » h*h™ o

PV Ty K*(x")

N~ D] = M e R
e DO(f)rpl+ N[ D S il ]

Araw(f) ¥

Physics observable Tlon

b

A (1) AAcr (A Ap (O D (=HEH4p (D)

[ e

detection asymmetries n detection asymmetries D+ produ(;tion asymmetry, mainly
reconstructing the final in reconstructing the arising from the hadronisation of
Null for CP-eigenstates soft pion. It cancels out | | charm quark in pp collisions.
f=mtm, KK. in the difference. It cancels out in the difference.

- To measure A_, (KK) alone, detection and production
asymmetries are eliminated using weighted control samples:

Acp(D® > KK) =Ara(D° > KK) — Ao (D° > K~7*)
+ Ara(DY > K7 7%) = A (DY - Kor*) + Ap(K)

12



AA_, result using Runldata .

 Simultaneous fit of dm distributions
for D+ and D* data samples to

extract AA»:

PRL 116 (2016), 191601

: Bell.e prelim:.

I
. BaBar .
Phys. Rev. Lett. 100 061803
CDF
Phys. Rev. Lett. 109 111801

AAcp = (—0.10 £ 0.08 (stat) £ 0.03 (syst)) %

Most precise time-integrated A_,

measurement in the charm sector
from a single experiment
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PRL 116 (2016), 191601

LHCDb CPV searches in D° - h*h-

A_, related to direct and indirect CP asymmetries:

AAcp = ‘4cp(f‘:_lrf+) — flcp(?l'_ﬂ'—i_)
oy ind
~ ar [ (D) | A(t) g4 v and 4 (=—agp) from LHCb-only
~ Aagp (l + — EICP) + dep experimental inputs
_ (D = K*K") 10 X107 |
Yop = = - — A A,
L% — K=mt) SO A SLKK*and mm* —_
. (DY - KTK)—=1'(D° = KtK~) éﬂ — A prompt KK~
T S5 KK) fD(D° 5 K+K-) A prompt Tt
. 5 | _
HFAG (Wl_nter-2_016) « 110 CPV
averages including results
from all experiments:
aBS = (40.056 & 0.040)%|°f
Aagp = (=0.1374+0.070)%| | =
compatible with no CPV at ) i contours at 68%,
6.5% CL 51| ) LHCb-only 95%, 99% CL
J/ results:
Averages dominated by LHCb 522(0-058i0-044>% LHCb
r__(__ 0
measurements -10 A dgp=(~0.061+0.076) % . X107
-10 -5 0 -5 10

ind
aCP



LHCb-PAPER-2016-035 (in prep.)

A_, for D° - K*K" using Runl dgtlal

| T Y T | T |
0.5 [ALHeoiEp 072010041 He Prefiminary -

This work, 3fd
LHCbpion tagged !

S
» Simultaneous fit across D+ and
D~ data samples to measure: <

o

<

Acp(KK) = (+0.14 £ 0.15+ 0.10)%

» Using A(Acp) from PRL 116, 191601 ol

Acp(mm) =(0.24 £0.15+£0.11)% i -
» Combine with muon tagged : ////

Acp(KK,mm) with full correlations
ADMP (KK) = (0.04 +0.12 + 0.10)%

AT () = (0.07 £0.14£0.11) | i

0.5 0 0.5
See backup slides for detailed info Acp(rt [ %]
on this analysis

Consistent with P conservation
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LHCb rare D decay results

First observation of Do — K-tt+u+u-, In the
p%/w region (675 < m(u-p+) < 875 MeV):

B(D'"— K ntutu™) =
(4.17 £0.12 (btdt) + 0.40 (syst)) x 107°

> DK n'n'n as the normalization channel, BF from CLEO 1500

> Compatible with SM expectation [JHEP 04(2013)135]

Lepton Flavor Violation mode Do—ep is
forbidden in the SM, while some SM
extensions suggest rates up to 10-6:

Candidates /(2.6 MeV/cz)

h-je
O

B(D° — e*pT) < 1.3 x 1078 at 90% CL
[

> D°—K-n" as the normalization channel

> Most stringent constraint to date, one order of
magnitude lower than the previous best one from
BELLE [PRD 81 (2010) 091102]
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Summary

» Acting as a charm factory, LHCb has been quite
successful in collecting the world's largest ever data
samples

 Based on Runl 3fb-1 data, LHCb has recently presented a
number of results related to charm decays

 No evidence for CPV is found so far, however LHCb has
just started to approach SM expectations

 LHCDb results on rare D decays are also the world's best

« Stay tuned for more exciting LHCb results from Run2 due
to higher luminosity and improved trigger system
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D® — KK cancellation of asymmetries

» Control Channels to cancel:
Acp(DO - KK) = Ara.W(D0 - KK) - Ap(D*") — Ap(w}) + C’)(A3)
AraW(DO - K 7)) = Ap(D*") + Ap(nl) + Ap(K™) + Ap(n™)
Araw(D* - K-m*7*) = [Ap(DF) + Ap(K™) + Ap(=*) + CBIED)
Aa(D* ~ K'n*) = Ap(DH) + Ao (K ") + CEIED)

D+ X0
» Nominal weighting is in
1. D* - K n*7" weighted to D* - Kot
2. D° - K weighted to Dt - K~nt7*
3. D° - KK weighted to D° - K

> Variables Weighted: DH(PTJ?:@): D+(pT:n):ﬂ_bachelor:highpﬂ;anw(nrgb)!
Kaﬂ(pTanagb)
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Extracting yields for A__(KK)
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Integrated Luminosity {1/b)
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1
Ry, = 5(3’2 +3?)

2ycp = (la/pl+1Ip/al)ycosd — (la/pl — Ip/al ) sing
2A4; = (la/pl—Ip/ql)ycos¢ — (la/pl+ Ip/ql )z sin e

:BKD‘;HT = Z
yKD‘n'Tr =y
la/Plgore = la/pl

(:I:”) . ( cosd,. SinéKTm) (m)
Y ) tre o —sind, _ cosd, _ Y

x’ . cosd sind T
y'] |\ —sind cosd y

la/pl* — Ip/al?

A, =
M la/pl* + |p/ql?
N (1 + AM)”“
'+ = |——= (z" cos ¢ £ y'sin @)
1F¥A,,
1+A4,,\"*
=+ M ! S
Y= = () (¥’ cos ¢ F =’ sin 9)
1FA,,
N(D°—»K*tn)+ (D= K-nt) R
'D°»K-nt)+ (D> K+n—) P
I(D°—K+n~) —T(D°— K=+
— AD

I(D°—>K+K-) —T(D°—> K+tK~
I(D°—K+K-)+I(D°— K+K~-

t -
— AK + §->A$1L!,1rect

D

<t> indirect
= 4, 4 2 e

D

(D —#ntn") —T(D°—>ntn~
(D —ntn—)+T(D°—>nta—

)
)
)
D K+n—)+I'(D°— K-n+)
)
)
)
)

2AR8 = (|g/p| +|p/al )zsine — (la/pl —|p/al )y cos¢
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