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LHCb detector - single-arm forward spectrometer 10-250 mrad (V), 10-300 mrad (H)
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Hunt for both prompt charm & 6 >¢ ~4% ~0.6%

Correlated QQ-production, Ecm=14 TeV  Oiosric ~80 mb,

few x 1012 ¢¢ in 1 nominal year

1 LHCb year: 107 s, fLdt= 2 fb~1
1st LHCb year: JLdt=~0.1 fb-1

LHC Luminosity @ LHCb: 2-5 x 1032 cm2s-1
(tuneable by defocusing beams)
pp interactions per BX
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Advantages of charm at LHCb ...
Precise vertexing and tracking
Particle ID

Access to large rapidity range
STATISTICS

.. still, working under ...
High multiplicities
Forward geometry
no full event reconstruction ensured

Originally b-dedicated trigger

difficult to optimize simultaneously
for b-physics and prompt charm
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Tracks and vertices: VErtex LOcator, Si TT and I_

Sensors sensitive area
8mm from beam line
(30 mm during injection)

21 stations in vacuum tank A\
R/ sensors N

~180k R-O channels
Also Trigger ﬁ

PVx position resolution:
XYy:~ 8um
z: ~ 44 um
IP precision: ~ 30 ym
Track reconstruction e~96%

IP resolution

Momentum resolution
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Particle ID: RICH system
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LHCD
‘Status of [RLSY

2 RICHs and 3 radiators to cover ph—
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Silica Aerogel: CaF1o: CFa:
n=1.03 n=1.0014 8=1f001500 oV
_ ~ pto~ eV/c
¢10 GeV/c Up to ~70 GeV/ ¢,
V

RICH1: 25-250 mrad vertical,
300 mrad horizontal

RICHZ2: 15-100 mrad vertical,
120 mrad horizontal
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The experiment is fully installed, commissioning well advanced ...

-

.. no collisions yet =» cosmics + too short experience with LHC protons.

Status of LI!CIQ



Cosmics for the tracking detectors

= Works for Outer Tracker (similar surface as the Calorimeter)
Marginal for Inner Tracker (small), Trigger Tracker (too far),
Vertex Locator (small and far)

Trigger with EM and H calorimeters with a high gain to see MIP
Muon trigger without spatial correlation (no pointing geometry) constraint
Readout of consecutive events = time alignment, optimizing signal vs. spill-over



Time alignment of Muon stations with cosmics

Forward tracks - |
ligned = f

Mugret
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Fleeting flavour of the LHC protons: sector tests & f_

Sector tests : few x 107 p every 48 s

O Beam 2 dumped on injection line beam stopper (TED), "0 . .

o eeonse 8 cus  secromseva, [
i.,e. 4m W, Cu, Al, graphite rod in a Im diameter e i
iron casing i o )
J 340m before LHCb along Beam 2 o e

 Wrong direction for LHCb
 High flux, centre of shower O(10) par"ricles/cm2
' VErtex LOcator O(0.1) particles/ cm?

= ~700 VELO tracks per test

Particle flux (plan view) /¥

Beam L/
stop - =l
T LHCb
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LHCD
‘Status of [RLSY



Sector test: VELO tracks in busy TED events

Scintillator Pad Detector

Entries 99703
Meanx -492.5
Meany  81.26
RMSx 2013}
RMS 1739
0.8

-3000 -2000 -1000 0 1000 2000 3000
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Sector test: VELO space alignment with the TED events

R residuals

The detector displacement from g e
metrology usually is less than 10 um i, i
30}
Module alignment precision is about 3.4 um 2ot
for X and Y translation and 200 prad for 20f
Z rotation i T
L T Preliminary
5¢
B 21 ndf 5.856/7 %Z' “a0 50 60 70 a0 “s0 00
12— Prob 0.5566 Pitch fumi
[ Constant 12.53+2.44 () rlesiduals
10— Mean  -0.2845+0.4893 TI5¢ S ——
i Sigma 3.353+ 0.491 a0 S el
8- Lo
B 30:
6_ B
- 25(-
il 202
B 15;
2 10/ e
. : Preliminary
_| T | Ll | Ll | L1 1 | | | | |1 L] | N 5_
20 15 -10 -3 . At 15 £0 % 20 50 s0 70 80 80 100
Diff. of Align. constants [um] Pitch [um]
Status of (S Charm 09, 20-22.05.09 sB

13



Sector test: using VELO tracks for IT, TT space alignment

O Extrapolation of VELO tracks to IT (7m)
17 s N 1000

500

- Large combinatorial

- background due to
" very high multiplicity of
[, ., TED events

7 I_-.. L o
10m I . I ISIm . I I QDIm 2 0 -40 —20 0 20 40

O Extrapolation of VELO tracks to TT layers [mm]

Residual for TT/TTb/TThV Layer Residual for TT/TTh/TThX Layer
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First beam on September 10: low multiplicities or splashes

_Run 33062:

~ 6 events with ~50
| tracks/event

Beam 1 on collimator: busy tracker and RICHZ2 “photon blast”
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Hunting for charm ... _

= Prompt charm: c—> ... = LHCb optimised for b-physics
<> Secondary charm: 6> ¢ > ..

~3mm ~ ~7/mm | ~3mm
Order of magnitude higher wrt b-events x BR(B>D**X)~0.23
(generator suggests x7 at E =14 Tel) x BR(B>D°X) ~0.63

. x BR(B>DtX) ~0.24
NB: D travels ~1 cm |

So far complete studies only for charm from b-decays > extrapolation to prompt charm

Crucial : - Vertex reconstruction
= Particle Id
... and TRIGGER

Bians of ({ISk Charm 09)120222.05.09




Trigger
<} 10 MHz

LO (hardware):
high p; h, p, pu, e*, v, m° candidates
(optionally: veto busy events)

 Fully synchr. (40 MHz), 4ms latency

@1 MHZz

(HLT (PC farm, full event) |

A plausible scenario HLT1: confirms LO candidate with
Output rate  Event type Physics tracker and VELO
200 Hz Exclusive B candidates B (core program) :

| | | HLT2: global event reconstruction,
600 Hz @hﬂgsﬂ-ws_ Iy, b=JjyX {unbiased) inclusive selections
300Hz ( Q:an\didates —Chﬂm> y
900 Hz Inclusive b (e.g.,b—-u) B (data mining) @ ~ 2 KHZ

> D** sample, J/y sample, b>c>... S

Status of (S Charm 09, 20-22.05.09 sB 17



Expected D* > D% samples

D** trigger: D* - D°(hh) 1, no RICH information
> Sample for physics (after trigger and selection cuts) from
b decays per 2 fb™]

2> D% > K" :12.4M

> D° > KK 16M Min.bias evts after LO ——
g S>D°S> Tt : 06M Sirrzulated ~49s G
— = D%°-> K'n: 0.05M QSéDoehh
© i 12
= + sample of prompt D mesons »E background
o 2> +D%> Kn'nmm 1 ~20M ? 15t
% > + DO > KKt @ ~Few 100k ?
s + flavour tag from the D* pion 3
) 0 1820 1840 1860 1880 1900 1920
D° Mass (MeV)
2> +D" > KKt :~20M? 2 fbl >
> + ~18M triggered, selected flavour tagged KK
01fbl >

~1M triggered, selected flavour tagged KK
~10M KT events available for PID calibration

cf O.1IM KK events at BELLE with 540 b

= RICH calibration

Status of ﬁ’iﬁ% Below discussed only charm from b decays !/



Mixing parameters from D°® > KK

One of the most sensitive ways to access DD mixing
(K~ nT)

JeP = (KK ) -1 g it o ((T}//))
So far no single 50 measurement % 60
Eg. Belle PRL 98 (2007) 211803 : 5w
yeo =131+ 032025 % .
LHCb 2 fb™! (6>0): ycp > Ogqp ~0.1% [ R
(Pr‘OfT\PT ¢): x 3 better ? Proper time resolution L

LHCb 0.1 fb! (prompt ) ycp > Ogtat ~0.15% ?

CPV from D° > K"K

7(D° - K~ K*T) —7(D° — KtK™)
(D - K—K+)+7(D° - K+K—)
Ar <1073 in SM, up to 1% with NP

HFAG 09: Af (D° > K'K') = (-1.6 + 2.3)x10°3

CPV via Ar parameter: Ar =

LHCb 2 fb™l (6> ¢): Ar > 0gpqp ~1.1x1073
(prompt ¢): x 3 better ?
LHCb 0.1 fb™! (prompt ¢): Ap > ogpqp ~1.6x1073
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CPVinD® > KK T Ongoing study

3 Also CSD decay, BR~1073 direct and indirect CPV = Ikaros Bigi
J 4-body final state = Additional observables: Dalitz analysis
CPV via T-odd correlations (ZI.Big/)

dI’ ( "y L
—— =Tycos’d + Tysin’p + Tycosd sing.  T-odd angle @ between the KK
do | | | " and = planes

/2 1 dl” T 1 dIl’
A Jo' T dogs - fw/z Ao _ A A # 0 can be caused by

[T doT 7(T, + o) strong phases.
I —\ . Asymmetry of A for D and D
CP__ i mmeTry o or L an
AT _Z(AT_AT) D, 00 S T 0 3 true s’ulgn of T violation
: +prompt
> For b>D*>D%> K*K'n*n™: expect few x 107 x Etpigger With 2 fb-1 Eharrﬁ

BR for D° > K+K—U+U- Ongoing study

Q b - K*'K'u"u™ - most direct analogue of K| > m'n’e’e” = Tkaros Bigi
L Can probe suppression mechanisms that can yield large ATCP
0 BR~1079, for smaller BR, can be limited by decays in flight from D° > KK m*n™

> For b>D*>D°> K'K'u"y™: expect few x 102 with 2 fbl +E;2Trﬁf

Status of %{a Charm 09, 20-22.05.09 SB 21
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Rare decays > Alexey Petrov

D-decay Comment B topological
analogue
D> uu Sensitivity to some R-parity violating SUSY models, | Bs 2> py

G.Burdmann Phys.Rev. D66 (2002)

D*>X*I'I” | Rate dominated by long distance resonance B>K*I*I”
contribution at m=m = measure m2” spectrum

p'wl¢
at myj<mg and mp>>m
D%->Vy Long distance QCD > Up-type penguin B(s)>Vy
-t Al?jl +
DO>u R , |

", I

Do N + | G
e 1
1

H A9z

BR < 10712 in SM, up to 107 with NP
Best-to-date: CDF limit BR < 4.7 x 1077 @90%CL with 360 pb!

For BR ~ 1077 and 100 pb'1 with prompt D°>pp: >25 events

Status of %{a Charm 09, 20-22.05.09 SB 22



Dy’ production, spectroscopy, mass, lifetime _

o(BE)~0.4 ub @ 14 TeV = ~ 4 x 108 BE /b
0’(8,3jE )LHc/O'(Bcj;E)Tevatron ~ 0(10)

Mass resolution: o~17 MeV/c? Proper time resolution: ~25 fs
~—~ 90 .
g . » [ o,=2352fs

L 4 Expected 51 B 1 B, > J/y(up) = 5 "~ 2indf: 1.44 B, 2> J/w(uy) =
2 twithlfb =
o 701 ﬂ‘ISOO_
g ﬁui— §
% 50; } II|.|1I'.|Oll_
|-|>J 403— i

i Fibd A |

201 i¥! \ R 500_

NI Y

0— 53050 5600 ol

_ MB: [MeVic] B; proper time resolution [fs]

With 1 fbL:
Mass measurement via B, > J/ym : ~310 events, ot 1(M) ~1.7 MeV/c?

Best-to-date COF: 108+15 events, M=6275.6+2.9+2.5 MeV/2 (2.4 fb™)
Lifetime measurement via B, > J/ym:  ~360 events, o.4,+(T) ~0.027 ps

Best-to-date DO: 881+80 events, T =0. 4481% gj:’,‘er, 032 ps (B, > J/yuX, 1.3 fb71)

.Ta‘tus of &qbﬂ Charm 09-22.05.09 SB 2’



J/y, Xc. .. production

Unique (ptm) coverage Generator level > Martin zur Nedden

Measure prompt J/y andoJ /.tll from : — True b quark lifetime
b-> J/y X (BR=116+0.10 %) inbins £ .. = t distribution
of n, pt and cos6 t dz Iy
Luminosity measurement needed to = %
=>» systematics Nm N m [
m_ o~11MeV/c? T M }
“I” Background dominated S/B~4 _ , o
by decays in flight J /vy signal (after LO) in 19M min bias evts
- [1.1 s of running @ nominal luminosity]
: JLdt ~B pbLat Egyy = 8 TeV D ~3.2M J/y
8700 2800' 2900 — 3000 Emi— :[1': i:;z_'f::l‘ns
Mo ool o L o
0 ~30% J/y come from yx, , [ Tevatron] R
fraction of J/y from y, N 4 .
relative production Ry, = 6(x2)/0(tet) wop F :srl/%?a;vz‘n:s‘,duswe |
9 GM ~ 27 MeV/CZ lmé_ L 1 |j‘kn Lo o b by L ] ! ]

L L L L L L | L L L
0.2 0.4 .6 .8 1 1.2 1.4 1.6 1.8 2

cf M(xc2)-M(xc1) = 55 MeV/c? AM = m(T/y v) - m(T/y) 6Gev/c?



XY ,Z spectroscopy: mass, width, properties + search for new states

Prompt production Ongoing study
Proof of power for hadron machine: CDF COF I Prliminary its
LHCb : STATISTICS % ol ) !
g 3500 |- | J' bt “df‘w"'“w
Prompt production of X(3872) ~84% (at CDF) Eafmi M{'_,w““‘“
Trigger on dimuons from primary vertex, with m,, ézzzz wa TR
around my,,, for X(3872),Y(4010),Y(4260) >J/ymm, <70} 1,4
around my,»gy for ¥(4350),Y(4660) > y(2S)mm ° = B e
x’y’z fr'om B decays Jhynn Mass (GeV/c?)

+ + + +__- ~ "6
EEE EO z ?/Xf(30872) : ;/ J/f m )" ) X g X 18_4 > ~40 times less events
p K% YT X for B* > K* X(3872)

Angular analysis to disentangle 1" and Z2°* (~10k events/year)

Charged charmonium-like states from B decays
BR(B® > K Z*(4430)> K y(2S) "> K y*py mt) ~3 x1077
BR( B® > J/y KO S>J/ynn Sutp ) ~17x107°
2> ~60 times less events for B* > K~ Z"(4430) (~10k events/year)
Status of %{a Charm 09, 20-22.05.09 SB 25



First year physics
1 2009/2010 is expected to be machine-dependent |
J Run at reduced CM energy (8-10 TeV ?)
1 B50Ons bunch scheme = reduced spill-over

1 Expect # of ppinteractions / BX stable from 5
the start-up onwards = Lumi ~ #bunches @& !

- Fill ~2 kHz from day 1.

1. Charm appetizer Small # of bunches, min. bias -
running & collect 2 x 108 events in ~100h = unbiased events, MC tuning,
flavour production (2k reconstructed J/y)

2. Charm antipasti More bunches =» Trigger focusing on J/y-containing events
SLdt ~5pb1 > ~3M J/y
= prompt vs. detached J/y; proper time resolution; prompt J/y
cross-section; J/y polarization; Xc1,2/ w(2S) production; X(3872); ...

3. Charm pasta JLdt ~100 pb'1 = "golden” time for charm studies, large number
of signal events for majority of the channels

4. Charm dessert [Ldt ~2 fb™1 > 2010/2011

.'I'a'tus of &qbﬂ Charm 09-22.05.09 SB 2.



We are looking forward to the LHC machine in blue again ...

ELi BB B0 K TR R SR
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Back-up
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Pythia 6.2

£0.7 [
0.6 | i + +
o Tt O bb, n(b)>2 + +
S0 t

& ¢

204 |- ¢ 1

©0.3 + +

o -

0.1 [ e * 00 °

0.3 - ® Prompt J/y¥

- O Prompt J/¥, n(J/¥)>2
0.25 L ompt J/Y¥, n(J/¥) + +

i .
0,152 ++++

0.1 | ¢ & 4
e ! 6 60 00 °
. o
D‘. -.p...l...I...I...I...I...I..
0 2 4 6 8 10 12 14

CM energy (TeV)
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Status of %{a

—&— [’ lifetime, reconstructed

— D" lifetime, generated

cand/ 0.06 ps bin

2
D° lifetime (ps)

Charm 09, 20-22.05.09
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J/y production

' New pseudo-rapidity region, up o ~6, unique (p1n) coverage
- Main problem: to distinguish  A) prompt J/y and

B) J/y from b-> J/y X (BR =116 + 0.10 %)
- Discriminating variable (simple approximation dz

of b quark proper time): [ = T

MXm

P

J Measure A) and B) in bins of n, p1 and cos©
Generator level

+

H 2
b-> J/y X 3 == True b quark lifetime
u g 10 === t distribution
¥ m
Primary 1 L h.o | 12M L,
VerteX t/ps

' Luminosity measurement needed
=> systematics ( and also acceptance, polarization, BR, + model, ...)

.ratus of &qbﬂ Charm 0-22.05.09




J/y

production

Two puons (u-n separation, e~90%, mis-ID rate 1.4%) forming a common vertex

For one track pt> 1.5 GeV/c.

100

o~11MeV/c2
S/B~4

7

so— Background dominated

by decays in flight

J /v signal (after LO) in 19M min bias evts
- [1.1 s of running @ nominal luminosity]

JLdt ~5 pblat Ecp = 8 TeV D ~3.2M J/y

E.g. for 2<n<3: 40k with pT > 10 GeV/c

prompt J/y

Long tail due to association to wrong PVx
[measure using the J/y Vx and the PVx
in different event]

Prompt background [extract from mass
sidebands]

Status of %bg

~&—
J/y from b ~1%

380k with 2 GeV/c < pT <« 3 GeV/c

—— tof prompt J/y

—— tof J/y from b

-h
(=]
Gl

ber of events

—— tofall J/y

n

102

12

12

ps



~30% of J/y come from y ., 2> J/yy [Tevatron]

Important observables: = fraction of J/y from y.,,,
- relative yc production Ry, = (., ) / o(3 )

— ch= 2.72 +/-0.05
J/\|I + phOTOH, pt > 500 MeV if:gmf_ ¢l = 4.8 +-0.1
= F €2 =-0.685 +/- 0.04
Signal modelled as two Gaussians W 2= 048 +-0.02
700 fsignal = 0.040 +/~ 0.002
Background: ﬁmi_ i .*:.--,-:_: i sigma = 0.027 +/- 0.002
P(m) = (m —m,)? - exp(—cl -m — 2 mz)‘ e 4 PR
400" 2
> 6, ~ 27 MeV/c2 \— o il
zmx - Signal in inclusive
[Cf M(Xcz)’M(Xcl) =55 MeV/CZ] mnz— J/y events
= I A L Lo L P b b g b g by g

= Some sensitivity to ratio o(y.,)/o(x.y) of

1.8 2

AM = m(T/y 7) - m(T/y) GeV/e2

w(2S) production and polarization _

> Measurement of o(y(2S))/ o(J/y) very clean [most systematics cancel]

.'atus of % Charm 0.22.05.09 SB 3.
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