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Measurements of CPV and Mixing
in Charm Decays
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LHCb — Charm Physics

» Search for evidence of physics beyond the Standard Model in CP violation

and rare decays of charm and beauty hadrons
e |[ndirect search, probe large mass scales via the study of virtual quantum

loops of new particles
» Of all LHCb physics results focus here on mixing and CPV in Charm

J/lb Dj Dsj
=+ D+
Dy = Dy
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LHCDb physics results are available in 209 papers submitted to journals
and 118 conference notes. https://cds.cern.ch/collection/LHCb%20Papers?In=en

https://cds.cern.ch/collection/LHCb%20Conference%20Contributions?In=en
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Charm Production at Hadron Colliders

The large cross section for charm production at hadron colliders leads to
10*%ce/ bt events within LHCb acceptance — world's largest ¢ sample

> Prompt and secondary charm
BR(B — D**X) ~0.23

K Impact parameter -

tagged D’ — KtK~

. ... PRLC112(2014) 047801}
800F- P e . =
rmm | 2Sm, ToE S, -
) L o E 600 = Prompt rnd. mg =
' : S so0f ok E
PV resolution IP resolution, p, > 2 GeV |z | | F b ike E
. p— === LOomb. £. ]
Ozy ~ 11 pm, Np, = 30 5 0 E
’ orp ~ 22 uym

o, ~ 65 um, Np, ~ 30 P H T 00 E
100 =

LHCDb uses both charm samples In()
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Mixing Formalism

Neutral D° mesons are created as flavour eigenstates of the strong
iInteraction. They can mix through weak

o\ U C =0
interactions. D >j—@@i D)
C U

» The time evolution is obtained by
ZQ DY)\ _ [(Mu M\ i (Ty1 Ti DO(t)
ot\DO(t)) |\M{y, DMy 2 \I'Ty T DO(¢t)

» The physical eigenstates are D. and D,
|D1,2> — P\DO> + q,DO> Dy : CP even

' ' D> -
|D172(t)> — e—Z(M1,2—ZF1,2/2)t|D1,2(t _ 0)> > : CP odd
> Define mass and lifetime differences of D_and D
[ _AM M, - M, _E_Fl—er P:F1+F2
T YToOr T or >
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CP Violation in the DD System

The only source of CP violation in SM is a single complex phase in the
CKM matrix. CPV well established in Kaon and B meson systems.

For D mesons CP violating effects are predicted to be small(~ 107°),
therefore sizeable measurements of CPV hint for Physics beyond SM.

» CP violation in decay (direct CPV)
[P — f)#D(P = [) [Ar| # | Ay

» CP violation in mixing (indirect CPV)
¢/p="m - #1, oy =lg/pl dum = arg(a/p)

» CP violation in interference of mixing and decay (indirect CPV)
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Mixing in D — K7 Decays

» Event classes - flavour tagging at production and decay time

No M|X|ng 0 4 Right Sign Decay (RS)
D= @ no D° Mixing

IR K
S DY n~ } Wrong Sign Decay (WS)

Mixing ~ po _, - D° Mixing + DCS

» Time evolution of the WS decay rate
e assume CP conservation and |z| < 1; |y| < 1

WS d /2 12
Do e Tws(t) e 1t (RD ++/Rpy Pt+ jl_y (I‘t)2)
g\Mixing N~ —— - 5
DCS| @ Do DCS Interference Mixing
% / e 0 ic IS the strong phase between CF and DCS
® CF amplitudes (D° — Kr)
Ktn~ .
' = xcosdkr+ Y Sindkn

y:—QUsincSKW—|—ycosc5K7T yrt+raot =a" ty
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LHCb - t-dependent WS DY — K=

» Measure the Number of WS and RS » Mixing Parameter
D° decays in 13 bins of the lifetime.

. 10 LI B B B B B !:)ISIT:|11.(%Q1?’). 2|5|1|8(?1
‘-‘? B i
Nigé =53-10"  Nfgs=23-10° @om") =2 [ .. R
. . ~ °[ = 3.0fb" ]
> Fit the NigL /N©L vs the D° decay time B A A -
Tt / 33/2 + y,2 2 6F '?. —
R(t) xe Rp++Rpy I‘t—I—T(I‘t) :
_ x10° PRL 110 (2013) 101802 a4 .
© 7 T TTTITTTTITTT TS [ 0 99.7% CL AN
S [ D 1.0 fb" - 0
‘» 6-55_ — Mixing fit ' E 2r 77 95.5% CL en ]
@ O whomxneft - e oMy
= JF ; 01 0 0.1 02
S s 2 (1077
2 4.5F 3 Errors include sys. uncertainties
D 4f E
= :
3.5F E Rp = (0.3568 & 0.0058 % 0.0033)%
3E S y' = (0.48 4 0.08 &= 0.05)%

z"? = (0.55 £ 0.42 £ 0.26)%
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WS DY — K7 Mixing - Results

Comparison of recent mixing parameter measurements

10 contours Rp[1077]  y[107%]  a"[107]
T L LHCb | 3.568+0.066 4.8+1.0 0.055+ 0.049
= o f ] Belle = 3532013 46+34 009022
= Tr 1 BABAR 3.03+0.19 97454 —0.2240.37
ok {1 CDF | 351+035 43+43 0.08=0.18
S — LHCb ] s
L BaBar ot ] (isg PRL111(2013) 251801
OF -~ Belle + ] ;i PRL 98 (2007) 211802
: ...... CDF <L : ABR
s c o1 S8 PRL112 (2014) 111801
X 05 0 0.5
'2[1073 PRL 111 (2013) 231802
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CPV in WS DY & K

A determination of mixing parameters for D and D" gives access to CPV

» Time dependent WS / RS rate for CPV PRL 111 (2013) 251801

ZUIZ:I: _I_ 12+
Ri(t) x e 1t (R}t) + R}t) y'jE 't + 1 J |]%|2(I’t)2)

gt = gﬁl[y cos(8 + ¢) T x sin(5 + ¢)]

e |]%|i1[a: cos(0 £ ¢) £ysin(d £ ¢)]

R = Rp(1+ Ap)
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CPV in WS DY & K

A determination of mixing parameters for D and D" gives access to CPV
PRL 111 (2013) 251801

> Fit results

Direct and indirect C'P wviolation

Jorg Marks

3.545 4+ 0.082 & 0.048
51+ 1.2 £0.7
49+ 6.0 +£36

3.501 4+ 0.081 & 0.048
454+ 12 +£0.7
60+ 58 +£3.6

85.0/08

‘5;— D’ 5 K1 e _:
sE LHCb
; 3.0fb"
4= ]
- ¢ .
SE — CPV allowed =
- ~=No direct CPV
4 - No CPV
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CPV in WS DY & K

A determination of mixing parameters for D and D" gives access to CPV

PRL 111 (2013) 251801
DY — K+ __________________________________

> Fit parameter

Direct and indirect CP violation

Rjy [107%)  3.5450.082+0.048 - LHCh 1
y* (1073 51+ 1.2 £07 = L :
e 1075 49+ 6.0 +36 F 3.0fb" 13
Rp [107%] 359100810048 e -
103 45+ 12 +07 K | .
“[10°°] 6.0+ 58 +36 6 L =
X?/ndf 85.9/08 B e L S =
> CP violation parameters = F — CPV allowed
. o (> - = No direct CPV -
e CPV in mixing 4E ~=No CPV

0.75 < |q/p| < 1.24 @ 68.3% CL

T 02F
e direct CPV of DCS component =
ap= BB (ot T P
............... / /
No indication for direct or indirect CPV v 2 0 t[Tpozo
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ycp and Ar - Introduction

> Decay time of D°'s is exponential with modifications due to mixing

+ 70 7+: lifetime of D° (D°) — CP+ eigenstates

 L+1a/pl(ycoss F xsings) 19 jitetime of D° — CP mixed (CF)

T

> A lifetime difference between CP+ and CP mixed states gives

access to mixin
9 70 (K~ 7T)
yep = — — 1=

—1=q/p|(y cos ¢y — = sin ¢y)

- T(K-KT)
yop 70 = DD’ mixing ycp =y < CP conservation
LHCb measurement for tagged D° — K K in 28 pb™: JHEP 04 (2012) 129

Yep = (5.5 £ 6.3 (stat) +4.1 (sys))-107°
» Test of CP violation

A:T__TJr%1 7112 coS G — g—I—Z—9 T SIn @ Ar 70 =
= == T2 \Upl gl T\ p T g 1" indirect CPV
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LHCDb - Ar Measurement

» Measure lifetime asymmetry Ar with tagged D’ — KK~ /rt 7~
3.1M 1M events

PRL 112 (2014) 041801 D° — KK
Data

‘L —1 * D .
?ﬁlnt ~ 1 fb LI‘?ICb — Fit E

<

—— Signal
—— Rnd.
DK
--------- DI—K*Kn+ |
- = = Comb. bkg

—
o
To
1

Entries / (0.02 MeV/c?)

<
To

= e = ]
- -
-

- =

145 150

AM[MeV/c?
Knowledge of the proper time acceptance dependence on the trigger and
selection is needed.
> Recreate trigger decision while moving the PV along the D® momentum.
Well suited for the LHCb software trigger. JHEP 04 (2012) 129

140

> Separation between prompt and secondary in x*(IPp)
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LHCDb - Ar Measurement

> Measure lifetime asymmetry Ar with tagged D° — K™K~ /nTx

PRL 112 (201

14)041801 __D° = KK

Entries / (0.02 MeV/c?)

10°

WELine ~ 1 fo1 LHCD. —Fi E

th

—— Signal
— Rnd. &,
D°—>K1rg1:°

140

145 150

AM[M@V/C ]

e \World best measurement using
£z’nt ~ 1 fb_l

Ap(rTn™) =

Ar(KTE™) =

(—0.35+0.62£0.12) - 107
(0.334+1.06 £0.14) - 1077

No indirect CPV at the level of 0.1%
Jorg Marks

K 3.1M 1M events

D — K

LI_JCb

Entries / (0.02 ps)

Pull

t [ps]
o Lifetime fit to obtain Ar
e Binned method, similar result

N 2Ar \ 1 — e 2w
R(t) ~ -2 (l+ rr) i

N po | — e At/7p0
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Experimental Results — yop and Ar

» Combined ycp and A as averaged by the char

E791 1999

CLEO 2002

Belle 2009

LHCb 2012

Belle 2012

BaBar 2012

World average

LARRN RARRN AR RRRRRRERRE
CHARM 2012

iy
4

)

N ETETE FERTI ENETE FAATA NI T IR A AT
4 -3 2101 2 3 45

Yep (%)

0.732 £2.890 £ 1.030 %

3.420 + 1.390 = 0.740 %

-1.200 = 2.500 + 1.400 %

0.110 + 0.610 = 0.520 %

0.550 £ 0.630 + 0.410 %

1.110 £ 0.220 + 0.110 %

0.720 + 0.180 = 0.124 %

0.866 £ 0.155 %

yop = (0.866 & 0.155)%

Jorg Marks

Belle 2012

BaBar 2012

LHCb 2013 KK

LHCb 2013 ntw

World average

m subgroup of HFAG

CHARM 2013

®

02 -01 -0 01 02 03
A, (%)

-0.030 £ 0.200 + 0.080 %

0.088 + 0.255 + 0.058 %

-0.035 £ 0.062 £ 0.012 %

0.033 +0.106 = 0.014 %

-0.014 + 0.052 %

Ar = (—0.014 + 0.052)%
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CP Asymmetries in twobody D Decays




t-integrated CPVin D’ - KK /77

Use SCS 2-body D"decays to measure time integrated CP violating effects

» Access CP violation through asymmetry measurements

— F(Do(t) _>f) _F(Do(t) %f) dir t nd
Acp(f;t) = = = acp(f)+ —adp
CP eigenstateF(DO (t) ~ f) " F(DO(t) ~ f) CPV in decay l\,_/

CPV in mixing + interfer.
» Measure time integrated A p difference for f = KT K~ and f = n"n—

AAcp = Agp (KTK™) — Agg (nn™)

~ ladip (K K) — aip(mt o)) + ==l

e Measurement of A A¢pwith 2 independent data samples
- D*F — D%+ decays: Published, JL=06fb"": PRL 108 (2012) 111602
preliminary, [ £ = 1fb~1: LHCb-CONF-2013-003
- B — D'~ v, X decays: recently published, [ £ =3fb~1':  JHEP 07 (2014) 014

> Measure time integrated Acp(KTK™) with secondary D sample
Acp(KTK™) = AP (KTK™) — Agp (K™ n") + Ap(K~7")
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Results - CPVin DY — AhTh™

> Secondary D" sample JHEP 07 (2014) 014

0 — _

10 D' K'K A0 D - ntr
—_ [ T T T T T T T T —_ T T T — r T _r°r  T1° T T T T T T
3 — — - 3 C —1 =
L CELin 307 fy LHO 3 X O Lo A3 fb LHCh
U 3 kG - Dala = v S0 —e Data =
% 120F 2.1M ] — Total = E : 077M — Total :
= 100F Signal ] A N A S Signal 3
Z <ok [ Comb. bkg. 3 - b @ Comb. bkg. 3
g : E O BP'—K ]
S 60 2
2 40F k=
= = =
o 20k 3

0
1850 1900 1800 1850 1900

M(rt 7)) [MeV/c?]

M(KTK™)[MeV/c?]
e AAcp = (+0.14 £ 0.16 (stat) £ 0.08 (sys)) %
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Results - CPVin DY — AhTh™

> Secondary D" sample JHEP 07 (2014) 014
- xe , DO_> K"K~ X10° DY — 7T+7T_
w 160F - R o ooF o a -l —
= iig Lint ~ 3 ! b & LH[S]: E = OF Lint = 3 fb LH}SI: ]
= of 2.1M F o ~ Toul = = YE0.TTM — Total E
: 100 E :'. W Signal —f j 40 ;_ """" Signal _
E 80; ..‘ @ Comb. bkg. 3 § 30;_ =ggibkbi%' E
2 E 5 20
2 40f E =
8 20k E S 10

0 1850 1900 5 0l 800 1850 1900 5
M(KTK™)[MeV/c* M(rt7n7)[MeV/c?]

e AAcp = (+0.14 £ 0.16 (stat) £ 0.08 (sys)) %
e Todetermine Acp(KTK ™) need Ap(K n™)
Acp(KHK™) = AEE(RYK™) — A (K~ n*) + Ap(K 1),
AD(K_W+)m:—> K7t) — Ago
(0.054 + 0.014)%
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Results - CPVin DY — AhTh™

> Secondary D" sample JHEP 07 (2014) 014
S D’ - KK~ e D ._>,K._7T+
LML a3 fb Y LHC E % soofLint 73 [0 LHCD
% 140:— ‘-' B —e-Data E % C 9 ]_M - Data
% 0 2.1M ¢} — Toul = % 400 — Total
= 100F y § - Signal = — . wees Signal
;’ 805 + Il Comb. bke. E -\; 300:_ [ Comb. bkg.

2 oo = é 200F

2 40f 3 -

S ook = o 1005
0 1850 1900 0 1550 900
M(KTK™)[MeV/c?] MK n7)[MeV/c?

e AAcp = (+0.14 £ 0.16 (stat) £ 0.08 (sys)) %

e Acp(KTK™) = (—0.06 & 0.15 (stat) £ 0.10 (sys)) %
Acp(ntr™) = (—0.20 £ 0.19 (stat) & 0.10 (sys)) %
Most precise time integrated CP asymmetry measurements to date
» D*-tagged sample (preliminary)

* AAcp = (—0.34 £ 0.15 (stat) £ 0.10 (sys)) % LHCb-CONF-2013-003
Consistent with no CP violation hypothesis
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Results - CPVin DY — AhTh™

» HFAG averages

sa 0.02

O

N %
< 0.015

0.01

dir

AR, BaBar

AAcp Belle prel.

AAcp CDF

AAp LHCb prompt prel
AL AAcp LHCD semil.
E=3 A LHCb 2010

A BaBar

V74 Ar Belle prel.

A LHCb KK

0.005 |- ' A LHCb

LT TSALT 77 .
0 4 AT AT LA T

a = (—0.013 £ 0.052) %
AaZt = (—0.253 +0.104) %

_0.02 P TR S N T M T AN S M B | 1% P I S T A T
-0.02 -0.015 -0.01 -0.005 0 0.005 0.01 0.015 0.02
ale
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Direct CPV in D* = K'K*, DI — Kor

arXiv:1406.2624

> Search for direct CP asymmetry in SCS decays DX, — K°h* |, (h= K, n)

(s)

et L(Dfy = KJh*) =T(Dy — KJh™)

cp T I(D{,, & KOht) +T(D;, — K9h~)
e Measured raw asymmetries contain pollution asymmetries

6"’1"3“ I~ AC’P — AD(]’L) —+ AP(DE:))+AKO

mixing / CPV of K" and detection asymmetry K" : Ao = (+0.07 £ 0.02)%

use CF modes D — K%+ , D — KK ™ arxiv:1405.2797
e Construct double difference to cancel detection and production asymmetries

Agp ~ [ATE (DY — K{n) — AFE (DY — KJK™)]-

+ 0+ + 0_+4
A (DY — KO0nt) — A (DY — KOK*)] — 2450 = AR 7KK | gD e

D* - KOK* D KOn®
Agp + ALy = (041 £049£0.26)% ,  ~3 ¢!

e Combine with CF D — ¢r™ 42 —KIK™ _ (1003 +0.17 +0.14) %

. . D:I: KOTF:I:
to get CP asymmetries: AT = (+0.38£0.46 £ 0.17) % o CPV
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CP Violation in Multibody D Decays




~ CPV in multibody SCS Decays

Y. Grossman et al.
> Single Cabbibo suppressed charm decays (SCS)  Phys. Rev. D75 036008 (2007)

e SCS decays are sensitive to CPV in ¢ — uqq transitions
Contributions due to supersymmetric AC =1 QCD
penguins could enter. D+{

d

— measurement of large CPV would be a sign of NP

e Search for CPVinSCS Dt w»ntn~nt , DV o o o, DY 5 K K'n 7"
e Decays from many resonances show strong phase variations in Phase Space
— search for asymmetries in D and D in local areas of Phase Space

» Model independent Dalitz Plot analysis to look for local CP asymmetries

. . . T F L AR R
Significance of difference between corresponding =, i, D — o o @
Dalitz plot bins (a.k.a. Miranda method) ° Luco pso0 2
Phys. Rev. D80 096006 (2009) ~ 2t e W0 S

: N(i) — N(3) > N (i) 15E : 1500 <

SEP — = y = NI 1 a g

Va(N(i) + N (1)) 2. N () 3 . tooo {3

, 0.5 8 500 E

e CPV if Sip distribution nongaussian N T ,
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CPVin DT — m n n" Decays

» Dalitz analysis of the SCS decay D™ — 7 7Tz

395t h

S . I . +2

i 2_ . E—— +1

]_52— I —— 0

e §

0 BT E— 2 055_ P LHCb 2

Mﬂ—ﬂ+7r+ [MeV/c | I -3

e Test various uniform and adaptive binning O s T T s )
schemes s, [GeV?/ct]

St p distributions agree with normal gaussian distribution
(p-values 50 — 99 %)

» For SCSdecays D' - n n"n 7", D' - KK n 7" alsono
CP asymmetry found PLB 726 (2013) 623,
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CPV with T-odd Correlations

Search for CPV using T-odd correlations assuming CPT invariance

_ _ A. Datta and D. London
» Triple Products in D — V'V are odd under T reversal int.J.Mod.Phys. A19 2505 (2004)

B FD(Ul(?72X?73>0)—FD(?71(?72X?73<0) 7. —{§ ﬁ}
- — — — — — — [ )

FD(Ul . (’U2 X Vg > 0) —|—FD(”U1 . (Ug X U3 < O)
e But FSI can produce Ar # 0

Ar

T_odd B BA.BAR: PI.?D-RC 81 111103 (2010)
> Measure CPV observable a;,°** = 1/2(Ar — Ar) using triple products of

final state particle momentain D° — Kt K 7ntx~ decaysin D° c.m.s.
_ FDO(CT > 0) — FDO(CT < O)

a FDO(CT > 0) —|—PD0(CT < O)

0 - . . . ~ Tpo(=Cr >0) =T po(—Cr < 0)

e DV: Cr = pr- - _ X Ap ==L _ D _

=Pk (Pre X Prt)  Ar [ po(—Cr > 0) + L po(—Cr < 0)

o Effective CPV differs depending on strong phase difference of the two
interfering amplitudes (61 — d2)

¢ DO: Cr EﬁK"‘ ' (ﬁﬂ'—l' Xﬁﬂ'_> Ar

weak phases strong phases
] — . g7 — T —odd .
Acp o sin(¢1 — ¢2) - sin(d1 — 02) anp " o< sin(¢p1 — ¢2) - cos(d1 — d2)
alp " maximal for small (6; — &)
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CPV- T-oddCor.inD’ - K"K 17

LHCb searches for CPV in 171 k secondary D — K™K~ n"n~ decays
using T-odd correlations with 36~ ' of data arXiv:1408.1299

» Measure phase space integrated T-odd observables and CP asymmetry

0 — BET— o 0 - BB =
D” AT = ( 7.18 £0.41 £ 0. 13); S s - *§ B ORI e, e
3= —] 3= —]

DY . A —7.55+ 0.41 + 0.12 R E
. T _ . . . 0 > 1000 3 > aoonk 3

o E | = E |

2 3500F 3 Z 3s00F 3

= 3000 3 = 3000F E

5 2500F 3 7 2500F 3

] E 1 2 E E

:g 2000? E _g 2000? E

= 1500F 4 = 1500F =

S F 1 5 F E

o 1000; E o 1000; E

5002 = 5002 e

0_ 1 L L 1 1 1 1 L | 0:
185 19 1.85 1.9

m(KK ) [GeV/e? m(KK ) [GeV/e?

II._.

+3
0
-3
4500F
4000f
3500F
3000
2500
2000
2 1500
]
U 1000
500

) S S S S S S R ) S S S S !
1.85 19 1.85 1.9

m(KK ) [GeVie?] m(KK ) [GeVie?]

T

Pull

. P B ) .
e e e T s
- o 0 e

(c) D (e < >0) LHCb

idates / (1.1 MeV/c?)

TR T I I T T T
A A LA L UM R R RR SRR

o bl b b b b di b 1] I.I-ﬂ' ]
o b o bbb AR O
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CPV- T-oddCor.inD’ - K"K 17

LHCb searches for CPV in 171 k secondary D — K™K~ n"n~ decays
using T-odd correlations with 36~ ' of data arXiv:1408.1299

» Measure phase space integrated T-odd observables and CP asymmetry
0o . _(__
l_)o : 4T = ( 7.18 +0.41 + 013)% agl—:)odd _ (018 + 0.29 + 004>%
DY : Ap =(=7.55+0.414+0.12)%
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CPV- T-oddCor.inD’ - K"K 17

LHCb searches for CPV in 171 k secondary D — K™K~ n"n~ decays
using T-odd correlations with 36~ ' of data arXiv:1408.1299

» Measure phase space integrated T-odd observables and CP asymmetry

0 . _ (_
l_)o : 4T = ( 7.18 £0.41 £+ 013)% agl—:)odd _ (018 + 0.29 + 004>%
D° i Ap = (—7.55+0.41 +0.12)%

> Variations of T-odd variable with phase space cancelling in a, ;%
T 7 71 S 07 L B 0-10: [ L B
= 300 LHCb (8)1 = 0. LHCb (®)4 = sFLHCb 3.0 fo -
= 0F t 3 = t 3% 6f s
Vi * P R b1 S o } 1 l 1 s
OF ¢ E OF E S AR nv i H l H_
pof by g i T S ! { b, ! i : Zjl } H HH } “ } W “
N . A hoow i :
s0r P JE )3 J 2 1 & Y2ndf =26.4/32 3
e 20 a0 0 20 0 10 20 30
Phase space region Phase space region Phase space region
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CPV- T-oddCor.inD’ - K"K 17

LHCb searches for CPV in 171 k secondary D — K™K~ n"n~ decays
using T-odd correlations with 36~ ' of data arXiv:1408.1299

» Measure phase space integrated T-odd observables and CP asymmetry

0 . _ (_
l_)o : 4T = ( 7.18 £0.41 £+ 013)% agPOdd (O 18 +0.29 + 0. O4>%
D° i Ap = (—7.55+0.41 +0.12)%

> Variations of T-odd variable with phase space cancelling in a/, "

!

» No variations with 7po which excludes éi () 13.0fb"
effects of indirect CPV ?m
~0
> Precision on a. ;" significantly > B —

T 1

improved

w3/mdf=1.3/4

4//|||||||||||||||/L
21 0 02 04 06 4

D’ decay time [ps]

No evidence of CP asymmetry

- S Y R o e N
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Summary

» LHCDb takes the fine results of the B factories and Tevatron in charm physics
to an even higher precision to allow for comparison with SM predictions.

g CPV allowed o . W7o
©>, 1.2 Fpcp 2014 | — FPCP 2014 20
> - Q, 60r " 30
1 ~— = 40
: = 40_ B50
3 N~——7
0-8 3 Q :
- &~ -
0.6 I 20
0.4 : 0:
0.2 N
: -20-
of .
1 26 L
-04-- No Mixin % ~60- No CPV -
] c - : :
_0__|||||.56 |_|||||||||i|||i||||
-06-04-02 0 02 04 06 08 1 1.2 0.6 0.8 1 1.2 1.4 1.6
(%] lq/p|

» LHCDb is still analyzing data of Run | with Run Il lurking at the doorstep,
thus more exciting results are to be expected.
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LHC — b and ¢ Quark Production

. _ALICE

-b—ﬁ -“"rq

" “'“‘”-- =3
ATLAS“f’.:/

The LHC is also a heavy flavour factory
o(v/s=T7TeV ,pp — ccX) ~ 6 mb
Phys. Lett. B 694, 209 (2010)

o(v/s =7TeV, pp — bbX) ~ 0.3 mb
Nucl. Phys. B 871, (2013)
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LHC — b and ¢ Quark Production

* bb / cc pairs are mainly produced
in forward / backward direction

LHCb MC

s=7TeV

The LHC is also a heavy flavour factory o
o(v/s=T7TeV ,pp — ccX) ~ 6 mb 6, [rad] 2

/2

Phys. Lett. B 694, 209 (2010) . 6, [rad]
o(v/s =7TeV, pp — bbX) ~ 0.3 mb
Nucl. Phys. B 871, (2013) LHCb — forward spectrometer
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LHCb Experimental Setup

JINST 3, (2008) S08005
Muon System RICH Detectors ( )
| / specific for LHCb Vertex
Detector

10-250 mrad

/ op/p=0.4—-0.6%

€track > 96 %

Calorimeters Tracking System
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LHCb Experimental Setup

JINST 3, (2008) S08005

Muon System RICH Detectors

| / specific for LHCb Vertex
Detector

10-250 mrad

/ GPID(K)%95%

Calorimeters Tracking System | MisID (K—m) ~ 5 7
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LHCb Experimental Setup

10-250 mrad

Muon System

}

Calorimeters

RICH Detectors

/ specific for LHCb

JINST 3, (2008) S08005

Vertex
Detector

Tracking System

MislD (e - h) ~ 5 %
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LHCb Experimental Setup

10-250 mrad

Muon System

}

Calorimeters

RICH Detectors

/ specific for LHCb

JINST 3, (2008) S08005

Vertex
Detector

Tracking System

GPID(N) ~ 97 %
MisID (m— ) ~ 3 %
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LHCDb - Trigger Overview

» Hardware Trigger based on VELO, ,
Calorimeter- and Muonsystem 50 Mie bunch crossing rate
e Select on pr objects: h, 11, juji, e>, 7y, ~x ~>

. . . T L0 Hard Tri : 1 MHZ
e Obtain p-p interaction and multiplicity info e d:zt"aiighr;ff:: honebuses

» Two level software trigger based on e T
partly / fully reconstructed objects with all i i
detector information

: ] ) [ software High Level Trigger h
° Conflrm LO trlgger qSIng 29000 Logical CPU cores
dei_:eCtor |nf0 _ _ Offline reconstruction tuned to
e Select on a single track with high p. and trigger time constraints
displaced vertices using VELO " :;’;';::*:ogf;;:;::;;: RS
e Use reconstructed objects for exclusive and <L <} <}
inclusive selections with clear signature 5 kHZ Rate to storage |
» In 2012 wrote 5 kHz to storage thanks to 2 kiz 2 kiiz 1 kAz
. . 0 Inclusive InclluSJ..vef Muon and
deferred trigger processing of up to 25% Topological ~ “*SrUSiVE  piyuon

A

of data
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Operations in 2011 /2012

» p-pat3.5/4TeV > p Pbat\/ N =5 TeVin 2013

® delivered
o recorded

< 2.5 T Y Y ".g C
'0 LHCb Efficiency breakdown pp collisions 2010-2012 i i 2 051 2 3000 —
= [ FULLY ON: 93.05 (%) : : e '2 :.; —

o [ HV: 0.54 (%) ' : . g C
© 2F [ VELO Safety: 0.85 (%) € oe00 I
@ I DAQ: 285 (%) E —
> I DeadTime: 2.88 (%) 3 C
Y 3 [
> 1 5 = ® 2000 —
= g r
m c —
8 """""""""""""""""""" v 1500 —
'é it T T - C
2 L 1000 [—
- |1 i F i -
Q05 : C
! 500 —
o | :
2 L 2010  F
..E 0 Il Il i X
= Apr Jun Aug Oct Dec

o | HCb operates with high efficiency
e Take data at constant instantaneous luminosity

rate: ,C ~ 4 X 1032 Cm_28_1 sznoo_
(factor 2 larger than design luminosity)

e \isible pp interactions per bunch crossing
~ p=1.7 (50 ns bunch spacing)

Jorg Marks

Date

Fill 2195: Instantaneous Luminosity ’

[[]ATLAS
[ ]ALICE
[[cms

[ JLHeh

AS/CM

”. I | |

10h 13h 16h 19h 22h ﬂ1h 04h
Date: 2011-10-08




LHCD - Lifetime Acceptance

_ JHEP 04 (2012) 129
Knowledge of the proper time acceptance dependence on the trigger and

selection is needed.
> |s determined on an event by event basis by the swimming method

developed by NA11 and used by DELPHI and CDF.
> Recreate trigger decision while moving the PV along the D® momentum.
Well suited for the LHCb software trigger.

Initially the IP for this D° lifetime is still below
trigger threshold.

accepted? i
1=ye

0:"0 i t -
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LHCD - Lifetime Acceptance

JHEP 04 (2012) 129

Knowledge of the proper time acceptance dependence on the trigger and

selection is needed.

> |s determined on an event by event basis by the swimming method
developed by NA11 and used by DELPHI and CDF.

> Recreate trigger decision while moving the PV along the D® momentum.
Well suited for the LHCb software trigger.

.‘J-u: h+

P2/ e /
PP’ T T~h-
Ny
accepted?
1=yes
0=no -

tmm

Jorg Marks

Initially the IP for this D° lifetime is still below
trigger threshold.

Moving the PV and recreating the IP info yields
a D° lifetime t__ which creates a trigger.

HQL2014: Charm — Mixing and CPV [E&



LHCD - Lifetime Acceptance

_ JHEP 04 (2012) 129
Knowledge of the proper time acceptance dependence on the trigger and

selection is needed.
> |s determined on an event by event basis by the swimming method

developed by NA11 and used by DELPHI and CDF.

> Recreate trigger decision while moving the PV along the D® momentum.
Well suited for the LHCb software trigger.

Initially the IP for this D° lifetime is still below
h+ trigger threshold.

/ : Moving the PV and recreating the IP info yields
a D° lifetime t__ which creates a trigger.

accepted? t .. isreached.

1=ye ' Similar procedure can be applied for other
selection criteria.

0=no- T
tmin tmeas

Jorg Marks HQL2014: Charm — Mixing and CPV E¥|
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