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CERN and the LHC
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p collider : NOW : NOMINAL (2011)
= @ ./s = 7 TeV (highest ever reached!) Js =14 TeV
= | = 10% cm2s! -> up to 1-2:10% cm2s! L = 2:10% cm™ s (LHCb specific)
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THE LHCb DETECTOR
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The LHCb detector

Angfular . I}fZ.S SM“:n RICH + Vertex
acceptance : /s Sxystem Detectors
= Locat
10<6<300 mrad = , pd
n =7‘ 1 ’ ™~/ ! RO VELO

e Performance numbers relevant to quarkonium analyses:

Charged tracks Ap/p = 0.35 % - 0.55%, o(m)=10-25 MeV/c? WSS
reverse field

polarity to

......... | I PR { TTpp collision
1 1 - - I Point

20m 10 m (o]

Calorimeters Tracking System

ECAL o(E)/E= 10% (E/GeV)2 ® 1 %
Muon ID: e(u—u) = 97%, mis-ID rate (m—u) = 1-3 % check for
Vertexing: proper time resolution 30-50 fs detector
Trigger: dominantly software asymmetries
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Lumi

Integrated Lumi over Time at 3.5 TeV |

Integrated Luminosity (1/nb)

nosity

= LHCb running high

16 e Delivered Lumi

14 e Recorded Lumi

12 HV 4.0%vELO 2.5%

10

- All detectors in data taking
- VELO fully closed
- No single HV trips

lllllllllllllllllllIIIIIIIIAIIIII

DAQ 5.4%
Deadtime 1.6%
Trigger deadtime <0.01%

efficiency =90%

= Already L=16 nb~! on
tape

= These analyses
=3-14 nb! (£10%)

Goals
= 1 pb! (August 2010)

n - i ST T T T R
Mar 2010 April 2010

= 100 pb-! (end of 2010)
= 1 fb! (end of 2011)

May 2010

All plots include the full luminosity L=14 nb-! unless otherwise stated
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J/y Production

Y J
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Motivations

= The production mechanism in pp 100 s o | |
collisions still unclear - e/rzoductlon at Tevatron 8
**"t [ LO*
= Several models around : ., S 96TeV COF data

-
T

= Color singlet and color octet
mechanisms (NRQCD) describe the
p; spectrum and cross section of
the J/1y as measured by Tevatron,
but not the polarization (and has
other failures)

= Other models such as color
evaporation model, kt
factorization, soft color interaction
model cannot describe the data

either
= New data from LHC experiments
will help to resolve this issue

e branching ratio: 5.88 °/;
—_— L‘ﬂ=(4mc2sz)1rz
LDME: 1.16 GeV®
lyl<0.6

o
-

0.01
0.001

0.0001 | o
uncertainties:

Mo/2 <y <2 g

for ats” contributions:
mi
m."<s; <4mg

1e-05

do /dPly,0.6 X Br (nb/GeV)

1e-06 ¢

5 10 25 30

1‘5 éO
P (GeV)

J/ cross section crucial milestone in understanding detector

and first step to B cross section measurement
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J/y Production at pp

I T e R
. type
cc e]/z/) + X Promptdirect

pp QCE,I?B +X cc—=x X+ X x.—=J/Y+y Prompt,indirect
bb =B+ X B—J/y+X  Delayedindirect

o Prompt J/y at LHC Using our MC samples (unpolarised J/\)
o5\ LO color singlet+color octet = Wp—————T—————————
< —~ .
S 52 /s=10 TeV A :ﬁ —.— Pythia 6.4
\; o EI: g 1°E"— _.__._ \/5=7 TeV
™ n =
> ) % _.__._ ——
d > N— _ —_—— —_——
e S 8 * —o— —n—
10 @ © 10?2 —o— ——
o -2 g —— ——
7 19 —— -
— © + .
o g 10 m prompt J/y _'__*_
o? s e J/ fromB —
0O 5 10 15 20 25 30 35 40 45 50N |
o pr (GeVv) & . o L o |
BR(I/ ¥ —uun)=6% b 5 10
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LHCb Trigger

Hit1 software Hit2
software
Level 0 hardware IMH=z confirm LO candidates JOKHz 2KHz
4OMHz | Identify highest P; : |t with more info | Global event g storage
h, e, y, ®°and nu (tracking,Velo) add reconstruptlon+
candidates impact parameter and selection
lifetime cuts

> 1-1: L B A A B - 12— ——T————T—
c - 2 : E
g 1= o 1.1 -
4 C (3] C -
£ ook £k p—
= : i? - o_gf_ _E
S F T osk 3
=4 0.7F 1= : E
0.6F E E

. LHC.b . —@— DATA:84.7+20% 0.6 LHCb . e Data -

o5f Preliminary . Preliminary E

’ [ \Vs=7Tev —— MC:86.7%0.1% 0-5:— Vs =7TeV —MC r

0.4- 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0.4" M " 1 M M 1 1 1 1 1 1 1 1 1 1 1 L 1 3

0 2 4 0 2 4 6 10

8 10 8
p_(J/y) (GeVic) max | pt(GeVic)

11.06.2010 Giulia Manca 13



Muon Reconstruction Efficiency

Tracking
system

J/ P used to
measure the
Muon
reconstruction
efficiency
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Events/10 MeV/c?

MC expected
= J/\{ cross sections =15 ub

= Mass resolution =11 MeV/c?
= t, used to separate J/vy prompt <~

From J/tp from B

Primary vertex

3
1600 51— ®
Q. L
14oo— LHCb 4 8 10°F
Simulation ] o F
1200F {527 Tov 12 LHCb
C - c . .
1000F- oy, = 11.7 0.1 MeVic 4 ¢ 105_g Simulation
- 1 w E Vs =7TeV
800 = [ o, =457+0.1fs
600 i 10*
400F - -
L - 3
200F — 10
0 : M M M M 1 M " | M M " | " M " " M » 3 » » 1 1
2900 3000 3100 3200 3300 0 2 4
m., (MeV/c?) t, (ps)



Events/10 MeV/c?

MC expected
= J/{ cross sections =15 ub
=> Mass resolution =11 MeV/c?2

= t, used to separate J/vy promp
from J/tp from B

%1 03 Tail part
1600 T T T 5 it B Promp - Prompt J/\y part
1400 — LHCDb _: = ¥ e J/y from b component
- Simulation - 104‘_ : — alldiy
1000F- oy, = 11.7 0.1 MeVic 3 . - b Lhich Monte Carlo
3oof— _ § Inclusive J/y (14 TeV)
600 4
400t 3 0 } + W
2001 E 1 +T tail from wrong T WW HT + + m
0 SRR B 1 e -D\-/
2900 3000 3100 3200 3230 -4 -2 0 2 4 6 8 10 12 14
m, .- (MeV/c?) tlps

t, v / ps




Data Observed

= J/V rate =300/nb-!

= Mass resolution =16 MeV/c?

= t, used to separate J/v prompt from\J/vy from B

_— | T T
N 0 — T T T T T T T T T T
§ 00 | HCb Ngjgnar = 4211.8 + 98.2 b
© 800F Preliminary B/S = 1.24 = 0.03 SR LHC.b _
= 200 _ |  m=3088.92: 041 Mevicr IS 10 Prelimina
10 Ns=7TeV = 158+ 0.4 MeVi> I+
- ] o= 1o8= 04 levic c \'s =7 TeV Data
~ 600 g
..g 5008 o 10 , | Sidebands
o
> 400 "”o‘, %
u 10

300

# 3 it

i

2800 3000 3200 3400
u*u” invariant mass (MeV/c?)




J/¢ p; and y spectra

n 03— 20_35_...,...,
=) N uncorrected distributions LHCb . % N uncorrected distributions
5 0.3:— | Preliminary 3 = 0.3:— _+_ LHCb
: o : -—+— \s=7TeV i o . _
© - - - Preliminar
0.25F ] LHcs 4 8 o y
C Monte Carlo ] - C Ns=7TeV
0.2t ] 4 5 0F [ LHCb Monte Carlo
C . © C +
0.15 - 0.15: :
0.1 ot - 0.1 .
0.05 = 0.05F ——
0 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 Il 1 1 : 0: 1 1 1 I 1 1 1 I 1 1 1 1
2 25 3 3.5 4 4.5 0 2000 4000 6000
J/y Rapidity J/y Transverse Momentum (MeV/c)

= In each bin, J/¢ vyield extracted from mass distribution
" no correction applied
= spectrum contains prompt J/¥ and b — J/ ¢

= Variables to be used for the cross section calculation in bin of
y.pt (expected in late summer);




J/¢ Acceptance

20

18
16
14
12
10

8
6

T—WﬁqIII|IIllllillllllllllllllll

95

Total Acceptance=13%
LHCb Acceptance 85%

80000
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eoooof
50000~
40000
300000
200001

10000

I
|
I
I
|
I
I I
|!|||||||.|Y|..|||

| h
1 2 3 4 5 6 7
y of J/I¥

Cross sections in acceptance

(2<y<4.5, p,<12 GeV/c)
Pythia 6.4, \s=7 TeV

e pp—promptl/ip +X
o0 =13.0+£0.1 ub

* pp— bej/w + X
0=1.440.1 Mb
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Influence of J/vy Polarization

= Detector acceptance as a function of helicity angle cosO

Example: , MC with no polarization

helicity frame |/ T

6000, o WA b T4 T b & T e e e
1 i ?"‘."'""‘-.v‘“" ITINT ATTN M e e i —p-‘w w'.”v',, T e fa ".'.-“_'.‘.‘"v“w""“
ot gma:
‘m:— “Hoooa |-
*E LHecomc Full -+ Both mu>10mrad
W00 -
= o000 |
J/y rest frame k- »
aF: wnf
2000 T o T T T S S R
with both ;i < 400mrad cos6 “Yaywith both 4 in LHCD acceptance | Cose
\::uow.: " e 5” DO PN
| 3 - .«,ao""’ AL jvﬂ"““’h’u'_, PP o AP S -"\"" "
g o S, H o o
& x e T H e
e § : ! 4 ,
+ "
onf A
U - / - : - .
.
- Both mu In LHCh
! Both mu <300 mrad DO uin
s g gttty ity 250,

cosH cosH

= LHCb acceptance generates an artificial polarization
- large influence of polarization on measurement

= First step: Treat polarization as systematic error
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Systematics from J/vy polarization

= Study the effect of ignoring the polarization dependence of the
efficiency (J/y are not polarized in the LHCb Monte Carlo)

a«dafa» GMeasured (X':O InPU'l' G«dafa»
0 2758 nb + 27 nb 2820 nb
Systematic of
41 2738 nb + 27 nb 3190 nb Zp fo e /°
-1 2787 nb + 28 nb 2286 nb

= Follow up: Measure polarization
v"in bins of n and p;
v' separating prompt and J/y from b
v with full angular analysis, in different reference frames




Example Cross section Measurement @./s=14

TeV
= Study fit procedure to determine cross section
= Signal: Inclusive J/y sample

= Background: toy Monte-Carlo reproducing behaviour (mass and
pseudo-lifetime) seen on the Minimum Bias sample

= Sample corresponding to 0.8 pb!, Vs = 14 Tev
Fit result and MC input

’G —
S e |
) 5 10° =— al Prompt J/4p, Fitted
Good agreement S ’ o e
between fit result = [ J/w from B, fitted
. e - J/p from B, MC input
and MC input : ——
= 10° =
@ =
E E — —
. —_——
At /s=7 TeV vx;e will be E o e
able to perform a ——
. P . 10 = LHCb Monte Carlo S E—
section measurement - |, toymCc I I .
with O(IO) Pb'l 0 1 2 3 4 > 6pT/(Gev/c)7
Giulia Manca 22
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Open Charm Production at LHCb

» Prompt and secondary charm

= Open charm signals
 probe of new physics
* measurement CP violation
* measurement mixing

= Charm production cross-

section large!
0,,%0.3-0.5 mb @ 10-14 TeV

11.06.2010

BR(B — D**X) ~ 0.23

PV resolution data (MC)
o =16 (12) um
I oy =15 (11) um

1011 e events |n 2010
Beam Energy [TeV]

Giulia Manca

Events/ (0.1)

1000

800

600

400

200

o, =91 (57) um

LHCb

Preliminary
\'s =7 TeV Data

In(DO IP/mm)
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Open Charm Triggers

. . Rate vs. Efficiency D*->Knirt
- Lower lumlﬂOSIfy IP cut on fitted track

° = 1 d hd - - L o - b - L d - - b L d d
= trigger thresholds relaxed 2 0o 240 um <
. o 08 e
->great opportunity for $ o7 L
charm physics! e
@ 04 2
03 /
0.2 LHCb preliminary
0.1
cO‘A“011-A‘A012‘A‘A013A‘

Minbias retention

collision rate| LO HLT1 HLT2 |€prompt D
2010 | <2kHz “RimtTbtastrigger —~—96%
l <25 kHz <25kHz |2kHz 40-50% | Py, IP thresholds
< 300 kHz <300 kHz|10 kHz | 2 kHz
2011/ nominal 1 MHz 20 kHz | 2 kHz 10% increasing
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DO->Kn Decay

‘Q‘\ 1 v i B i 1 v i v v 1 = f\ 1 v v 1 v v . ' 1
§ 1000 LHCb ¢ . -6304z107 - § 160 LHCb + Nyignar = 1101 37
@ - Preliminary Mass = 186226 0.14Mevicr | @ 44 Preliminary Mass 1 = 1862.12 + 0.32 MeV/c?
= [ \s=7TevData . 1 = M0 5-771evData .
a 800 Mass ¢ = 8.71+ 0.14 MeV/c — a 120 Mass o = 9.70 + 0.29 MeV/c
— - : S— _1
0 L=3nb"! ] o L=3nb
8 coof untagged § £ 10 tagged
- [ 4 =
c 4 £ 80
1T 4 W
400 - 60
N 40
200 -
7 20
0 1 M N 1 M N 1 N x N 0 " 1 M M M
1800 1850 1900 1800 1850 1900 )
my,. (MeV/c?) my, (MeV/c®)

= Untagged and tagged (from D* decay) D°->kn decays

= Uncalibrated masses within few permilles of PDG value
= High yields -> excellent modes for cross section estimate
= Towards the D°-D%ar mixing measurement




More Charm Signals

= Open charm signals from minimum bias 2010 first data

DO->K-mt*nt° : neutrals! AF->pK-mt* :good vertex resolution
N —_ -
Q 4sE LHCb Preliminary  w,.-s26-10s S 3 LHCb Negs = 527 93
® ,oFE Vs=7TeV Data m, = 1865.2 = 7.2 MeV/c? 2  3f Preliminary M= 228614073 MeV 3
= "k Ogpun, = 37.3 = 5.6 MeV/c? g . Us=7TeVData Gass = 38  £0.82MeV
$ *F L=3nb!] A =
< s0f = L=3nb’! -
i E | 20 = -
5 2F 15E- =
M 2F | A g + + + 3

15F--o- - -¢- 10 —
E s TR B .11 L INAIE.:
| 1 d A :

A s N RRANA S AT L AR

O leo0 800 2000 2200 '241)9'2 2200 2250 2300 m :13;5503 (MeVic?)

m,- .. (MeV/c®) +_ + =
D*->K
2 B LHeb Nogw = 688 11
@ - Preliminary m, = 1869.9 + 1.5MeV
§ 20— | 5-7TevData OGauss = 848 +1.2MeV —
i 155— L=3nb-1+ _E
10f- =
A SN SAARA 2 3 ptn

1950 B
] mKsn mass (MeV/c ) T —



New physics in DO—ptu-

= #ighly suppressed decay in the SM:
BR(D*—u*p)=3.10712

= Can be enhanced in MSSM with R-parity  ° i T ” o
violation up to 107

‘?i.‘

= Current best experimental limit by Belle
BR(D—u'p)<1.4 107 @ 90%CL (arXiv:1005.5445) |
= Analysis overview : u - ~."'_ g I
= Use D*— D° m |
" Preselection cuts

= Multivariate analysis based on impact parameter, pT, difference in ¢ and m
between the D° and soft w

= Normalization to D°— nn

= Similar to B,—uu but more difficult due to lower invariant mass and higher
background

= LHCb prospects: Expected limit for 100 pb-!:

BR(D°—utu-) < 4.10 @ 90% CL




Charm physics prospects

=1 pb-l:
" cross sections mesurements :
>Double differential in pt and y (D%->k-r*,
D*->k-m*m*, Dt -> k'k*m*, D** ->Dn*, At ->p k')
= 100 pb-!:
= Rare decays : D%->uy,
= D% mixing:
»>Time dependent : D%->k*m*
>y from time differences (D%->k*k-, m*m—)
= Direct CP violation in 3 body decays



Conclusuons and Outlook

\

SN

Ready For ’rhe ﬁrs’r measﬁremen’rs'
Stay tuned!
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Primary Vertex resolution

IPy Resolution Vs 1/p_ IP, Resolution Vs 1/p_
0.09F VELO Closed LHCb VELO Preliminary 0.09 EVELO Closed LHCb VELO Preliminary
0.08; +— 2010 Data 0.08% «+— 2010 Data
- —— Simulation - —— Simulation
0.070 0.07
0.06 0.06 -
2 E0.05F
0.04F- 0.04-
0.03— 0.03;—
0.025% 0.02 P4
: 2010 Data: 16.2 + 24.6/p_um | 0017 2010 Data: 15.7 + 24.4/p, jm
0.01— 3 : T - Simulation: 11.9 + 19.3/p_um
= 1 [ Simulation: 11.2+19.9/pT lm 05— lols' L 4 L 5 5 5 T 3
O s 1 15 2 ' ' 1/2|r5T (c/GeV)

1/2p': (cher

11.06.2010 Giulia Manca 32



Muon mis-identification

3,0.06_ T | | .
§ goq LHob 2010 DataK,|:
‘o V:09F  preliminary . MCK, |3
= - .
W o.04F k
- o -

C v m—} ]

0.03F dominated by -

L %, decays in flight -

[ Y i
0.02|-* ¢ -

- ¥ ]

0.01F Yy -

: & I ]

L Y F ¢ v
0',....|....|....l.‘..'.li..g..'

0 10000 20000 30000 40000 500!

Momentum (MeV/c)

3‘0'03- N — .
= - LHCb 2010 ° DataA | 4
20.025F - ]
oY — _preliminary e MC A ]
E 5
0.02:— p— -
- dominated by -
0.015 ¢  combinatorics -
- in muon stations .
0.01F -
0.005F | 1f, | ;
N N S0 TP S B T
oL ..|l..?.9'?.?|i§..%|f...|<.';...'

0 10000 20000 30000 40000 50000

Momentum (MeV/c)

This plots shows the probability to misidentify a pion from Ks and
a proton from Lambda as a muon as a function of momentum.
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DO->Knt Decay

T I r
=1619* 51

—— —
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Measurement of y,

Jorg Marks

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

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

1+ |g/pl(ycospy F xsings) 70 lifetime of D° — CP mixed (CF)

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

access to mixing 7Y
Yyop = ? —1 or
T(K~nT) T(K~7) .
— — — — ]_ — _
Yor = kT lq/p|(y cos 5 — x sin )

yop #0 = D°-D° mixing
» Test of CP violation

OA + -
AY = 27 with A, = TJF—T = —Ar
T T + 7
AY £0 = CP violation in D°-D° mixing
CP violation in interf. between mixing and decay
ycp =Yy <  CP conservation
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> Compare D' - KK , D' - 7w and D° — K to extract ycp and A

L 3 'IL,H'cI:b' | Nipy= 480551 3
3 re iminary Mass |1 = 1862.5+ 1.8 MeV, _E 1 H H 1
= toE 5o 1oy Dae : v e Analyse the D" decay time distributions
= 16F Mass c=9.4+ 1.4 MeV| 3
» 14fF 3 : . : .
g oF PN 7a e - Determine (Tx x )i/ (Tkx)i in bins i of the
= 105_ % E . . . . .
o * 3 lifetime distribution
j: E - Determine 7k~ , T};K, T from
i dia « S NI unbinned max. likelihood fits to the
1800 1850 1900 H H : : H
m(DO)[MeV] lifetime distributions
. Nsi;n,,=lassilzz S _E . ~ —1
o0 Preliminary Mass . = 1863.03 * 0.49 MeVi/c? ¢ EXpeCted events In/£ ~ 100 pb
Vs =7 TeV Data

Mass o = 8.49+ 0.41 MeVic? _]]

Entries / (3 MeVic?)
3

4 Nigo pp—1 (D? — Km) ~ 13- 10°
30 i
20 D° = K Nigo pp—1 (D° — KK) ~ 7.5 10°
10 + .
. o A factor 10 more data than the BABAR analysis
1000 1950 1900 - B. Aubert et al., Phys. Rev. D80 071103 (2009)
m(D")[MeV]
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Direct CP Violation Searches in SCS Decays

Jorg Marks
> Single Cabbibo suppressed decay (SCS) Y. Grossman et al.

Phys. Rev. D75 036008 (2007)
* CPV in SM is CKM and loop suppressed (CPV < O (103))

* SCS decays are sensitive to CPV inc — uqq transitions
Contributions due to supersymmetric AC =1 QCD .
penguins could enter. b B Cu} K

d <

e Search for CPV in SCStagged D° — ntn #?, D° - K"K x° by BABAR
B. Aubert et al.
Phys. Rev. D78 051102 (2008)

» Model independent Dalitz Plot analysis to look for CP asymmetries

nK

Miranda procedure arXiv 0905.4233 Ao (é)l l
Consider the significance in the difference between_ rf k- 1,
corresponding Dalitz plot bins. b, g, _ NG) - NG 32 14,
YN+ NG 2 |

e Provides better filtering between real & 10 1,
asymmetries and statistical fluctuations g [%

e Not sensitive to production asymmetries o 1 2 3°
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LHCb : Direct CP Violation Search

Jorg Marks

» Dalitz analysis of the SCS decay D" — KTK n™

Time integrated and model independent search for CP asymmetries
in bins of the Dalitz plane.

e Two suitable control channels: D — K*K 7" and Dt — K ntn*

Df 5 KK n"_DIf - K"K n"

< co—————D" - K ntqnt <, —Dt — K+K_7r+~—n—-——-——__|LHCb 3
S D: Nygnq 48+8 S Ngina 566+ 15 3
% 4 LHCb : 1868.1+ 1.0 MeV/c® % 140 LHCb H ’ 1867.3 + 0.4 MeV/c® (_\]\ [ Preliminary ]
= Preliminar o Preliminary Mo 2.5
wn 40 y Ggauss 5-3+0.8 MeV/c? 0 s 8.2+ 0.3 MeV/c? > \s=7TeVData 1
©° \'s =7 TeV Data [ o =120[~'s =7 TeV Data Gauss o N ]
% 35 Di: Nogry 5948 - 3 251 4 4
c m, 1968.3 + 1.0 MeV/c® T 100 "
g 30 Ggauss 6-3+ 0.8 MeV/c? :>J’ T
- 80 o J 15
rE
60 Y - up
40 g 15-
1-_ " i " " i i " i " i " " i "
1800 1900 2000 1800 1900 2000 5 0.5 1 1.5 .2
2 2 2/ .4
M- g+t (MeV/c?) My —ptnt (MeV/c?) mi— +(GeV?/c*)

-/L = 0.8 nb — expect a sample of several million events in 2010
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Averaged Mixing Parameters

Jorg

» Mixing parameter as combined by the HFAG charm group

HFAG charm: FPCP 2010 HFAG charm: FPCP 2010
S 2 S 7o
1.5) | g o0
: : S a0f
1t < F
20:
0.5} of
5 20
o -
: -4t
-0.5 -sf
1 02 04 06 08 1 12 14 16 1.8
@/l
u=(080+0.13)% la/pl = (0-9125:15)%
z = (0.59 4+ 0.20)% ¢ = (—10.072:3)°
Exclude no mixing case at 10.2 o Fully compatible with the CP conservation
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Tagged D—Km
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~ 2.7 nb!
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Lifetime fit of untagged D°—Kr

8 —— 77—
= Preliminary signal = 1242 £ 37
o~ 120 \'s =7 TeV Data

| .

8100

2 80
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GC) 60

L N
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my.. in MeVIcz, PIDK(K)>PIDK(r)

Plots from Marco Gersabeck:

* top: mass peak

* top right: fit of tail of proper lifetime

p
—
(o]
(=]

- -
H O
o O

120
100

entries per 0.2

LHCb
Preliminary
\'s =7 TeV Data

N, = 1278
1 = (0.398 + 0.026) ps

4 5
(D% in ps

* bottom right: result of lifetime fit for

different lower bound on fit region
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Untagged DO—Kmrm©
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Q. Deschamps et al., = 3.4 nb™
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Plots tightened w.r.t. LHCC selection - see:

http://www-pnp.physics.ox.ac.uk/=spradlin/CharmPeaks/D024H/Viaud/index.html
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