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$Why is charm charming?

A[TeV]
. [J. Phys. Conf. Ser. 556 (2014) 012001]
® Unique and powerful probe of BSM flavour effects. 10° 3 CEV
i 107 3
® Charm is an up-type quark: 5l
10° ¢
+ complementary to B and K; 2 :

+ best bounds on a generic new physics model after 0.
the kaon mixing.

LHCb, 3/fb

%,

c [

® Huge data samples, D 30+ _
g P Lﬁ - DO . K 7_[+

+ LHCDb has the opportunity to exploit fully the

charm sector as a probe for new physics.

® Charm predictions are complicated:

oL 0.7 Billions

+ QCD not perturbative. j 11"\
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http://iopscience.iop.org/article/10.1088/1742-6596/556/1/012001/meta;jsessionid=E52B75D65C4A4B453BB14C803CD09FA0.c4.iopscience.cld.iop.org

e Charm mixing and CP violation

e DO mixing is established.

® CP violation yet unobserved!

+ Small value expected from SM O(VuwVeb /VusVes ) ~

O(103)
+ Sensitivity close to possible BSM contribution (yields ~
O(10°))
Decay CPV y
2 ) f
DY 0 > ‘_—' 71
— @+l — @I [
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http://arxiv.org/abs/1412.7515

e LHCb

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

VErtex LOcator

~(15+29/p1)pum IP resolution
~45fs decay time resolution

4 Tm dipole

a,/p ~ 0.5-1%@ 5-200 GeV/c
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e Charm flavour tagging

® |n order to measure mixing and CPV, it is necessary to identify the flavour of the D meson.
® | HCb exploits two decays:
+ D™— DOT1r* decays

+ semi-leptonic B-decays

Charge
tag
flavour
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‘ First observation of D’-D? oscillation
in Do_}K+Tl_-1T+Tl_-

— = —

i‘: First observation of D mixing in a multi-body decay "

e ——— e — —

O
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e D’ mixing with D’— K*1rTr 1T

® Full Run | data sample (3/fb)
® Challenges:

[arXiv:1602.07224]

—
WS candidates

— Fit

- Background

+ Five-dimensional phase space parametrisation.

+ Higher combinatorial background.

\ 4
Candidates / (0.1 MeV/c?)
O = D W H U & 9 0 ©

140 145 150 155

R(t) = Am [MeV/c2]

-

150 155
I'p = phase space average DCS/CF ratio amplitudes Am [MeV/c?]
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http://arxiv.org/abs/1602.07224

e D’ mixing with D?— K*Tr 1

[arXiv:1602.07224]
xl()_3 (submitted to PRL)
O e B 4L HL AL B
s s LHCb 3
K'n-nn* ! :
n oF _-
RO <) | 5
2 3 e Data B
K ntn nt L_E a —— Unconstrained fit 3
DCS 4 :_ ---- No—mixing fit _:
2 -y X2+ 92 (12 3.5 gl -
~TI'p—TID D,V;'F 1 (;) 3: | e | | L -
2 4 6 8 10 12
t/T
rp =(5.67+0.12) x 1()_2 No mixing hypothesis reject at 8.20
/ _
Rpy' =(0.3+1.8)x10~°
[arXiv:1602.07224]
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http://arxiv.org/abs/1602.07224
http://arxiv.org/abs/1602.07224

‘ Difference of time-integrated CP
asymmetries (a.k.a. AAcp)

®

LHCD
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e Direct CPV in D°—h*h"

[arXiv:1602.03160]
® Time-integrated CP asymmetry: Fiducial cuts on soft-pion kinematics
g )4 )4 P
—0 — 1000 . |3
I’ — f)-TD — f) S soof 2HCb[E
Acp(f) = ! —5 4 3 vt o
F(DO — f) +I'(D — f) E 200;— el ‘"": 0.2
QN—zog; -3 10,
_400E if— .
® Experimentally yields are measured: —ggg— o -"j";;i -
—0 _1000E 12 A5 A By
N(D*-I- N DO (_> f)j.[-l-) _ N(D*— N D (_) f)n,—) 0 1000(])? (A MeV/e]
Araw(f) — —0 — 1000 : -s —— 1 B
ND** - DV— fImT)+ N(D*~ — D (— f)m~) = swp = LHC[S) 5=
L 600F T —0.6
~ Acp(f) + Ap(f) + Ap(m) + Ap(D") = w0 s
B - EER '
ﬁ—zogg 2 —20.2
where :288: 2k ﬁ_gg
( Ap(m)  soft-pion (tag) detection asymmetry oo 3 Lo e
0 5000 10000 15000 20000
{1 Ap(D*) D™ production asymmetry p. (@) [MeVic]
| Ap(f) final state detection asymmetry, zero for f = K"K, 7771~
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http://arxiv.org/pdf/1602.03160v1.pdf

e Direct CPV in D°—=h*h’
® Time-integrated CP violation:

rD°— f)-TD — f)

I(D° — A +TD — f)

Acp(f) =

® Experimentally yields are measured:

N(D** — D= fin*) = N(D*~ —= D (— f)n")
N(D** — DO(— fint) + N(D*~ — D (— f)m")
~ Acp(f)+ Ap(f) + Ap(m) + Ap(D™)

e Challenging keep under control Ap and Ap to O(10-3). In order to access the CP asymmetry
the difference between Acp(KK) and Acp(TTTT) is exploited:

Araw(KK) = Acp(KK) + Ap () + Ap(D™)
Araw () = Acp(m) + Ap () + Ap(D™)

Araw(f) —

@ AAcp = Araw(KK) = Argw(nn) = Acp(KK) = Acp(nim)
RS 10/4/2016 P. Marino (SNS & INFN-Pi)




e AAcp in D= h*h’ decays

107 _ [arXiv:1602.03160]
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® New measurement with full Run | data sample (3/fb, D*-tagged):

AAcp = (—0.10+0.08(stat.) £ 0.03 (SYSt.))% [arXiv:1602.03160]

(submitted to PRL)

® Semi-leptonic tagged measurement (3/fb):
@ AAcp = (+0.14 £ 0.16(stat.) £ 0.08(syst.))%  [JHEP 07 (2014) 041]
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http://arxiv.org/pdf/1602.03160v1.pdf
http://arxiv.org/pdf/1602.03160v1.pdf
http://link.springer.com/article/10.1007/JHEP07(2014)041

o AAcp state-of-the-art

LHCD
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| arXiv:1602.03160

BaB ar

Phys Rev. Lett. IOO 061803

CDF

Phys. Rev. Lett IO9 I 11801
| Bell.e prelim.
arXiv:1212.5320

LHCb (muon tagged)

JHEP 07 (2014) 041 —e—
3 Ofb

N 30 N
World average
|_._|

LHCb (plon tagged) -

AAp (%]
Naive average (neglecting indirect CPV contribution) = (-0.129 £+ 0.072)%

World best
measurement
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‘ Time dependent CP asymmetry
(a.k.a. A))

LHCD
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‘Ar: indirect CPV in D°->h*h” decays

® Time-dependent CP asymmetry:
—0
ro’)— f)-IrD O —f g4 ¢
Acp(t) = — —5 = agp - — Ar :
[(DO(t) — f)+T(D () — f) D A, =2 -1
p
® Ar measures CPV in the mixing (Am) e in the decay (Aq): A & 2 »
1 , A
Ar = E(Am+Ad)ycos<p—xsm<p /
x10’ «10° muon-tagged
L 160F | e | ~Data. L _F'LHOb | ~Data
> 140 F Y . > 50F N ]
= 120 (a) [ ____lT)%til[?—tK+ = b (b) i ____lT)‘gtj it
5 lgg : 3/fb ._." "-_‘ 1 Comb. bkg. i 30 3 3/fb Dcomg. gkgé
ﬂ_,m) F : 3 & - B K bke. .
S oof 2.34x10° §2000.79x108 f7 N\ T
Fc% 205_ Fé 10 ?\"* .
SE e | \ , e U‘_‘ SE— s T0% WU
E OPTH'-Ir-t*.J.‘ﬁ‘Fr‘ﬁﬁJ—'r'q‘r‘—l‘*ffq'-‘Ig ';:_: Oﬂ""-'-‘-hj'r‘—*-'r'—""-_—'-'ﬂwl'r'-'rr-“'f--é
@ > 1850 1900 1800 1850 1900
M(K K*) [MeV/c?] M(r ) [MeV/c?]
RECRY 10/4/2016 [JHEP 1504 (2015) 043] P. Marino (SNS & INFN-Pi)


http://link.springer.com/article/10.1007/JHEP04(2015)043

‘Ar: indirect CPV in D°->h*h” decays

® Measure yields asymmetry in various bin of DY proper decay time:
—0
n;(D° — f)—n;(D — .

ni(DO—’f)‘l‘ni(D - f)

l

raw — 1=1,....,m

® Straight line fit of the asymmetry as function of decay time: Araw(f) = Ao — T_AF;
DO

e control sample: DO—=KTT, where pseudo-A(D°—KT1r) =0. Ar(K 7") =(0.009 +0.032)%

Ar(K~ K+)—( 0134+o 077+88§2)% Ar(n™m )_( 0092+o145+88§§)%

§ 15F LHCb " +Data —: § 15 LHCb - b +Data —:
; - DoeK_K + (a) — Linear fit - ;L DO%J'C - ( ) — Linear fit -
T 05 = Io band: < 0f L J[ 1= 1o band:
- U\ — g :Jt-::;;;::::::::::::::::ijijjjjﬁiﬁﬁé
E ! ' — — | : _ I — I — E
) E | | | | 5 5 < E I | | | 3
@ 0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
t [fs] t [1s]

HEP 1504 (2015) 04
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http://link.springer.com/article/10.1007/JHEP04(2015)043

‘Ar state-of-the-art

LHCD

D*-tagged
| /fb

semi-leptonic tag { . . N

3/fb

12/4/2016

Belle 2012
BaBar 2012
LHCb 2013 KK

LHCb 2013 i

LHCDb 2015 KK+nn

World average

CHARM 2015

Phys.Rev.

. [JHE
11 I 111 I | | I | I | I | I I | I | I | I | I |
-02 01 -0 01 02 03

A (%)

-0.030 = 0.200 = 0.080 %
D87 (2013) 012004

0.088 = 0.255 + 0.058 %
arXiv:1212.3478

-0.035 = 0.062 = 0.012 %

Phys.Rev.Lett. 112 (2014) 041801

0.033 = 0.106 = 0.014 %

-0.120 = 0.120 %

-0.125 = 0.073 %

=P 1504 (2015) 043]

-0.059 = 0.040 %

® World best measurement from LHCb D*-tagged using |/fb of integrated luminosity.
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http://link.springer.com/article/10.1007/JHEP04(2015)043
http://arxiv.org/abs/arXiv:1212.3478

‘ LHCb state-of-the-art on D’=h*h CPV

LHCD

A<t3 =0.1153+£0.0007(stat) £ 0.0018(syst)
® AAcp can be expressed as: 7(D")
— (t)
- (1) ) ACL) ind =2.0949 + 0.0004(stat) + 0.0159(syst)
AAcp = Aadb|1+ + n 0
cpP Clcp( (DY) ycp (DY) Acp T(D")
10 X107 |
35 A SLKK*and "t i
S —— A prompt K’K*
< A prompt T’
® Using LHCb measurement for: | e 10 CPV|
_ ind
Ar =—ac [JHEP 04 (2015) 043] o [Nl 5
I'(D°— h*h") o
YeP = Fp0 S Koty 1 [JHEP 04 (2012) 129] ? g
3 &
5t &
3
No CPV hypothesis: p-value 0.32 [arXiv:1602.03160] LHCb
i . . . 10°
0 5 0 5 | 0
dir -3 _ind -3 al
Aadt = (-0.61+0.76)-107° a9 = (—0.58+0.44) - 10 cp
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http://link.springer.com/article/10.1007/JHEP04(2012)129
http://link.springer.com/article/10.1007/JHEP04(2015)043
http://arxiv.org/pdf/1602.03160v1.pdf
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e LHCb benchmarks

LHCD

Type Observable Current LHCDb Upgrade Theory
precision 2018 (50fb™")  uncertainty
BY mixing 28, (BY = Jj ) 0.10 [138) 0.025 0.008 ~0.003
28, (B® — Jh fo(980)) 0.17 [214] 0.045 0.014 ~ 0.01
a 6.4x 1073 [43]  0.6x1073 02x1073 0.03x 1073
Gluonic 281 (BY — ¢¢) - 0.17 0.03 0.02
penguins 28 (BY — K*0K*Y) - 0.13 0.02 < 0.02
26°T(BY — $K?) 0.17 [43) 0.30 0.05 0.02
Right-handed 284 (BY — ¢) - 0.09 0.02 < 0.01
currents (B = ¢7) /7R — 5% 1% 0.2%
Electroweak  S3(B° — K*uTp™ ;1 < ¢ < 6 GeV?/c?) 0.08 [67] 0.025 0.008 0.02
penguins so App(BY — K*0u*p™) 25 % [67] 6 % 2% 7%
AKputp—:1 < g% < 6 GV cd) 0.25 [76] 0.08 0.025 ~ 0.02
BBt =7 utu™)/B(BT — Ktutu™) 25 % (85 8 %o 2.5% ~ 10%
Higgs B(BY — utpi) 15x10°[13] 05x10° 0.15x10° 0.3x107
penguins B(B® — utu™)/B(BY — putu) — ~ 100 % ~ 35 % ~ 5%
Unitarity v (B — DY K M) ~ 10-12° [244, 258] 4° 0.9° negligible
triangle v (B? - D,K) - 11° 2.0° negligible
angles B (B — Jh K?) 0.8° [43] 0.6° 0.2° negligible
Charm Ar 23 %102 [43] 040 x 103 0.07 x 102 -
CP violation AAcp 2.1x 1073 [18]  0.65x 1073 0.12 x 10~3 -

12/4/2016
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upstream track

|
O DO —> KSO KSO T-stations

Category Nt N~ Acp TT long track
/_
VELO
LL 86+t 11 &6 12 0.00 £+ 0.09 1
downstream track
LD 82+ 14 &3+13 —0.00 £0.11 VELO track \/
DD 20+ 14 66+ 14 —0.39 £ 0.23 Tot
-track
LLtrig 96 11 99411 —0.02 £ 0.08
combined —0.029 £ 0.052
— — — — — —— — — § ASpr———— T L § 45—
% 50FLHCb LL | % 50[-LHCb LL 43 4f HHCD LD 1 g 4 LHOb LD
= C e Data pt 1 = C D*” = =5 —— Data D = o D E
on - on 4 N 35 E ) cn 35 E
o 40 —— Total fit o 1 g — Total fit ) g
S | Signal e - \.i/ 30; ------- Signal S/ 30; E
% 30 - £ I Background % 1% 25 3 1[ '_.'1 ----- Background 2 25 2 E
£ £ 12 20 - £ 20f -
i & {8 15f g 15F e + *
10f 10f IﬂH ++ Ll
5F 5F | T, B
g g LI + ++ t
O O ! ALY, | | RV | n | | ! |
140 145 150 155
Am [MeV]
~ ~ - O 50 o 50: T T
% % % 45 % 45 p LHCD D]*)— E
E - E b 2 40i E E 40i D
S % e L g
S F ERS) s ¥ 1 e ¥
= a0 1 3 {5 Y 1 3 9%
9 - 8 1.8 25¢ 1 .2 250
= - = 1= g = g
83 20; E 84 1| 15 ; 83 15 ;
. 10 10F
10¢ b E 5 5F
0: -7 3T 1 oY ] 0: |+‘+ TR S R U T R b O: A S T T B
140 145 150 155 140 145 150 155 140 145 150 155
Am [MeV] Am [MeV] Am [MeV]
LHCD
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LHCD

A_: indirect D°—h*h” CPV, systematics

I

-
m -
O -
o

Source of uncertainty DY+ KK+t DY — n—q 2 0.16 -
constant scale constant scale ;: 0.14 :
Mistag probability 0.006% 0.05 0.008% 0.05 | © 0.12F
Mistag asymmetry 0.016% 0.016% :‘5 0.1F
Time-dependent efficiency 0.010% 0.010% % 0.08 -
Detection and production asymmetries  0.010% 0.010% > 0.06 C
D mass fit model 0.011% 0.007% F
DY decay-time resolution 0.09 0.07 0.04 -
B B° mixing 0.007% 0.007% 0.02 |
Quadratic sum 0.026%  0.10 0.025%  0.09 OO-
Mag. up 2011 (a) | . . Mag. up 2011 (b) | ' | .
Mag. down 2011 LHCb 1 g down 2011 LHCb
D’—>KK* D>t
Mag. up 2012 . Mag. up 2012 .
Mag. down 2012 - Mag. down 2012 — -
Al12011 - A1l 2011 -
Al12012 — Al12012 ——— —
05 0.5 1 05 0 05 1
Ar (%] A [%]
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Mag. up 2011
Mag. down 2011
Mag. up 2012
Mag. down 2012
All 2011

All 2012

5000

3000
t [fs]
: ] ]
(©) 1 O |
D 'K Tt
05 0 05 1
Ap %]
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e Cross-checks

final result 3/fb X? = 6.3 (7 ndf)
N p-value = 0.50
® Data taking year (= different energy 7/8 (z01jap)T0S o
TeV) ’ ¢ ‘
® Magnet Polarity T
® Trigger configuration 2011 down TOS
+ TOS: trigger on signal 2013, 125
+ TIS: trigger independent from signal H BB
2012 up TOS
: L 3 |
® cross-checks: zw
+ TT-soft, DY kinematics 2012 down TOS
+ run number
2012 down TIS
+ PID requirements
k : IIIIIIIII|IIIIIIIII|IIII|IIII
+ D™ vertex quality 15 1 05 0 0.5 3 15
+ ... . AACP [°/°]
arXiv:1602.03160

LHCD 12/4/2016 P. Marino (SNS & INFN-Pi)



oy

e CPV in D°—K.°K.° decays

® Decay dominated by long-distance contributions:

+ short-distance contributions cancel since VeaVug = = VesVis " /(EO
0
+ interference terms could give a large contribution to CPV O(1%); P i }W <:z:
- 0
[Phys. Rev. D87 (2013) 014024] [Phys. Rev. D92 (2015) 054036] TTr—K

KoL) KO(D)

1 M daence . .,\,12 1\13 —
® Challenge: reconstruction of long-lived Magnet RICH2 )

particles, K= TT*TT,, decaying mainly outside
the region of vertex detector (VELO)

® Only one previous measurement from CLEO:

N

Acp=23+£19)% lDI_Iq \\

@ [PRD 63 (2011) 071101} : Mot ianele
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.014024
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.054036

| .
o Acp in D= KK’
® Measurement of CP asymmetry:

Araw(KJK) = Acp(K{KQ) + Ap (1) + Ap(D¥)

LHCD

® D*-tagged decays.

® Detection, Ap(TT), and production, Ap(D"),
asymmetries kept under control using
DO— KTT control sample;

+ both O(1%).

® 600 events with the full Runl data sample:

Acp =—0.029 £ 0.052(stat.) £ 0.022(syst.)

® |arge improvement with respect to the
previous measurement (~ factor 4).

® Dedicate trigger in Run2.

12/4/2016
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