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Heavy quark production in pp(gg)-collisions lLllr.fHCbEﬂ

LHC is LgC
® Open beauty & open charm : ® Double (charm)onia
* “well known” * Test for COvs CS
* The measurements are ina * 2xJly is measured by
reasonable agreement with NA3 in 1982 [PLB 114 457,PLB
state-of-art pQCD 158, 85]
calculations LHCb in 2011 [PLB 707 52]
® Charmonium & bottomonium: y LHCR m:asurementtis "?h
* few open questions and exceflent agreement wi
puzzles chg c;xlculahons for
* Polarization? gg — 2y
ey =5.1+1.0+ 1.1 nb

® Color Singlet/CS vs Color -
Octet/CO N

* Recently very good
progress with theory NLLO*

= 4nb
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LHCD

How to get 2xCharm?

pQCD matrix elements gg — 2xJ/y and to gg —
CEJ/\II and gg — CECE A Berezhnoy et al., Phys Rev D57 4385 (1998)

S.P.Baranov. Phys Rev D73 074021 (2000)

° Agr.ees we" for. 2)( J/\ll J.-P.Lansberg. Eur.Phys.J. C61 693 (2009)

® Intrinsic Charm:
* Charm from (badly known) charm PDF
* Lack of predictive power

° Double Parton Scattering
* Simple paradigm with raising popularity

7 Feb 2k+12 CERN LHC Vanya Belyaev 4
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Double Parton Scattering LHCh

Go ugle 240k documents

Double-Parton Scattering is Not Rare « Collider Blog @ Signals for Double Parton Scattering at the Fermilab Tevatron @
muon.wardpress.com/_. /double-parton-scatt_.. - [lepesectu 3Ty cTpaHuLy anv.org » hep-ph - Nepesectu aty cTpaxiuy

29 Dec 2009 - The thrust of the Berger, Jackson and Shaughnessy paper is a study 29 May 1996 — Abstract: Four double-parton scattering processes are examined at
showing that clear evidence for double-parton scattering can be obtained ... the Fermilab Tevatron energy. With optimized kinematical cuts and realistic ...

PoF] Double Parton Scattering at the LHC - O Double parton scattering of hadron-hadron interaction and its ... 9
moriond.in2p3 ffQCD/2011/.../Berger.pdf - Nepesect aty cTpaHuLy anav.org » hep-ph - Nepesecti 3ty cTpaHuLy

Dopmar daiinoe: POF/Adobe Acrobat - BricTpeiit npacmarp 25 Apr 1997 - Title: Double parton scattering of hadron-hadron interaction and its
Double Parton Scattering at the LHC - Dynamic and Kinematic Charactenstics. gluonic contribution. Authors: Hung Hsiang Liu (Inst. of Phys, Academia ...

Example: pp — b b jet jet X. Edmond L Berger. Argonne National Laboratory ...

o Po] Signals for Double Parton O
Phys. Rev. D 56, 3811 (1997): Double parton scattering inplover .. 9 | Ruww phys. psu.edu/~cteq/... Mlaugher pdf - MepeascTn 31y cTpaHiy

link.aps.org» ... » Volume 56 » Issue 7 - Tepesect 31y cTpaHmLy Oopwmar daiinos: PDF/Adobe Acrobat - BricTpeiit npocmoTp

The process-independent parameter of double parton scattering, oeff, is obtained Double Parton Scattering (DPS). Two parton-parton hard scatters in one pp collision.
without reference to theoretical calculations by comparing observed DP events ... Extend knowledge of proton structure. 0 spatial distribution of partonsinside ...

Fresh look at double parton scattering - APS Link Manager @ High Energy Physics Group - Double Parton Scattering O

link.aps.org> ..» Volume 83 » Issue 11 - Mepesecru 3ty cTpaHuLy wwwhep.phy.cam.ac.uk/theary/.../dps.html - Mepesectu 31y cTpaniLy

24 Jun 2011 - A revised formula for the inclusive cross section of a double parton Cavendish High Energy Physics Group Research Theory Double Parton Scattering.
scattering process in a hadron collision is suggested basing on the modified ...

|s double parton scattering useful? @

Double Parton Scattering 0 wwwphysicsforums.com/showthread.php?t... - Nepesecri a1y cTpauLy

www-cdf fnal.gov/. /double_parton_summ... - [lepeBecti 3Ty CTpanmLy 3afiokipoBaTE BCe peayneTarsl ¢ winw.physicsforums.com

Double Parton Scattering in pbar-p Collisions at root s = 1.8 TeV In a paper submitted CoobLuenuit: 2 - Aetopos: 2 - 19 mon 2011

to Physical Review Letters, the CDF collaboration announced the first .. |s double parton scattering useful? High Energy, Nuclear, Particle Physics discussion.
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LHCD

DPS: simple paradigm

Two independent scattering processes
Relations through (unknown) ,PDFs

o,
hy M
‘7"{:}? "’5':,-,3...“-‘ [y, x2: by, ba; QQ Qz} (151 T3, Ql Qg]f{bl} (b2),
NS —C
TS
=

Assume factorization of ,PDFs

. T 7| DY (x1,22:Q1,Q3) = Dj(x1:QF)Di(22;Q3)-
(Can't be true for all x,Q?)

Easy to make predictions! i

%nC 1
And the predictions are easy to test JAB — m 95ps9sps
DPS5 2 Toff

Universal (energy and process independent) factor

DPS_145i17+1 b
1/O-eff — f dng? (b) CDF,F.Abeetal.,IPDR563811(I12197)
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2xCharm as proton probe  &HS
® Intrinsic Charm Model:

* we are testing/constraining (badly known) charm
PDFs - typical uncertainties x2

° Double Parton Scattering

® Provide ,PDFs
°* Measure o, - universal proton property

7 Feb 2k+12 CERN LHC Vanya Belyaev 7



LHCD

2xCharm @ L:HCb

C =DY D*, D,, A,

® We want to measure cccc

* JiC and CC 2Yary.c<4
_ 3< pL <12 GeV/e
® As bonus CC £ C
pJ/lIJ <12 GeVl/e

* Dominated by the regular gg — cc

® More information useful from correlations
® Gluon splitting , flavour creation, etc.

* Similar to CDF’2k+6
® Intotal 25 possible modes:
cccc (1 JnIhy) +4 JhyC + 10 CC
gg—>cc 10CC

7 Feb 2k+12 CERN LHC Vanya Belyaev 8



Pred °
_ icti
Mode ctions f
7 (0
g r I_
]] /D" . HC b
']/II)D+ : =0 = | 7P LIC b
.]/II)D;_ l 9] i 3 {4 i 3 - llb} o1c D)
- /‘LI)I\—I_ 'Q i 0.8 2.6 i - '"r l l f A.Bere
C 0 _ 1.3 16 + zhno o)
&+ 0 5 15 N U; 60 + 30 \?._F;Baranovy |:6>t al., Pthggg
D'DY 0.0 4 O / 24—_{— 17 29(0) : 'Lansberé g\lﬁ Ee\, D7§‘87DS7 1385 (1
- 5 A : - Eur.Ph 40 99
- e w | e
0 ] ' ) ,‘ sed )
o _ean
! + Z — ¢ - o ! J C71 rement
D—I—DC_l_ Oll“b fo i 0 5 . HCK [LHCb_C;ﬁIL;,:S] s of
..7 * - HKo -2010-
DD 0 04 L5 E“gS-ReT.’L’;fwesZa& 0013
D—l— S .G_\) i _ 1 .P.Bara ,1070 J.W.Stirli
'\‘|‘ ; 0 lt’ l«l Phys nov, A 82002 tirlin
. 15 A0 A Lett. B ‘M.Shiai (2011 g,
.0 j: 0 v 0 <J: ‘Novosel 705 116 (|2g|rev and )
0‘34 J i} ' M'LUSZ ov, arXiV' 011) NPZOto
+ () 1.4 arXiv: czak 11105 v,
0.27 j: -09 -'*J: Iv.llll.élz:i—;g/lacil.lla A62076
ils 0.07 0.3 . A.Szczurek,
04£0.23 0.2
S"A‘elekohlr'l Alekhin’ orc
In, PRD68S PDFs
014002

7 Feb
W+1
2
CERN LHCT
Van
ya Bely
aey
9


http://prd.aps.org/abstract/PRD/v57/i7/p4385_1
http://prd.aps.org/abstract/PRD/v57/i7/p4385_1
http://prd.aps.org/abstract/PRD/v57/i7/p4385_1
http://prd.aps.org/abstract/PRD/v57/i7/p4385_1
http://prd.aps.org/abstract/PRD/v73/i7/e074021
http://prd.aps.org/abstract/PRD/v73/i7/e074021
http://prd.aps.org/abstract/PRD/v73/i7/e074021
http://prd.aps.org/abstract/PRD/v73/i7/e074021
http://www.springerlink.com/content/25316071030678h4/
http://www.springerlink.com/content/25316071030678h4/
http://www.springerlink.com/content/25316071030678h4/
http://www.springerlink.com/content/25316071030678h4/
http://xxx.lanl.gov/abs/1105.4186
http://xxx.lanl.gov/abs/1105.4186
http://www.sciencedirect.com/science/article/pii/S0370269311012068
http://www.sciencedirect.com/science/article/pii/S0370269311012068
http://xxx.lanl.gov/abs/1106.2184
http://arxiv.org/abs/arXiv:1111.3255
http://www.springerlink.com/content/25316071030678h4/
http://www.springerlink.com/content/25316071030678h4/

2*xCharm
LHCb Detector & Data sample
Event Selection
2xCharm signals
Efficiency corrections
Systematics
Cross-sections & ratios
Properties of 2xCharm events
Conclusions

7 Feb 2k+12 CERN LHC Vanya Belyaev 10



LHCD

How to measure 2xCharm?

® Need excellent detector:
* Track reconstruction and momentum resolution
* Hadron identification
® Muon identification
* Vertex/lifetime/impact parameter resolution
* Efficient trigger for muons and hadrons

® Need high statistics...

Natural choice: LHCb at LHC

7 Feb 2k+12 CERN LHC Vanya Belyaev 11



LHCD

LHCb: beauty detector

General purpose universal detector in forward region

Magnet

2<n<5

RICHI

4% of solid angle

40% of heavy
quarks

..............

—5m |

Ny
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VELO

LHCD

42x2 silicon strip planes
r-¢ geometry

40-100 pm pitch

7mm away from the beam

...

T IITI YII Tllll xIIII TT ll T l]’ l]lll

]

P

g

rimar

for 25 tracks:
0,316 um
o, . 16 ym
0,376 ym

LHCb YELO Preliminary
Vs = 7 TeV Data

vertex resolution

M PP EPEPEPE EPEErEr EPErr

;

Py | -
15 20 25 30 35 40
nTracks

- 5m | '-|‘~ e | P =
N - T —
L l I L L L | I L i I l I I I | >
Sm 10m I5m 20m z
7 Feb 2k+12 CERN LHC Vanya Belyaev 13




LHCD

Tracking system

Two silicon stations upstream magnet
Dipole magnet 4Tm
o4 Three stations downstream magnet
i Inner: silicon
5'" Quter: Straw tubes
..... . RICHI = Momentum resolution: 0.4-0.6%
Vertex ' ¥ o el M - .
iy ol Jhy mass resolution 13 MeV/c?
e =
—5m L_L_ L 1 1
L. .. § ',' — .'. =
1 11 = 1 l I l I 1 1 >
Z
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LHCD

% Hadron ID

Two RICH detectors
Good /K separation up to

A
y ~100 GeV/e
Sm |
Magnet
Vertex ‘%
Locator | =
e g
” c
v <
=
[a)
-
c
2
........... @
=
o
—S5m | saaa
10* 10°
Momentum (MeV/c)
A | | | l | | | l | 1 | l I | | I »
Sm 10m I5Sm 20m z
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LHCD

Calorimeter system

Scintillating Pad Detector/SPD
Preshower Detector

Electromagnetic Shashlik Calorimeter Ma MS
. . M3
Hadron Tile Calorimeter \WD,},‘ M2
IC = B
Important to trigger hadro
Verex |
Locator
—5m
|
L l I I ([ L I [ I | ] >
Sm 10m I15m 20m z
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LHCD

' Muon system

4(+1) stations

MWPC

0.7% n—pmisID

oooooo

Vertex

¢ A
----------------------

—5m
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Trigger

10 MHz
LO hardware l
° hlgh-pT W, 2”» h» e*;Y 1 MHz
Software H1ltl l
* Reconstruct p, 2p,h 50 kHz ﬁ'\?‘?)rrrﬁgfr)icj\sneeded
® cut on IP, pT, mass ot oot
Sof.l.ware H1t2 determination of

—— trigger efficiency
* Full reconstruction of J/y directly from data
* Full reconstruction of open charm hadrons

7 Feb 2k+12 CERN LHC Vanya Belyaev 18



LHCD

Lumi'2k+11 1.1fb? recorded . atVs=7TeV

&

r — o Delivered Lumi: 1.2195 /fb
.3" 1.6 : Integratad LHCH Efficiency breakdown in 2011
g T - * Recorded Lumi: 1.1067 /fb
I FULLY OMN: 90.7 (%)
E - [ Hv: 0.5 (%) : :
5 14 : |:| VELO Safety: 0.9 (%) I
— I DAk 4.0 (%)
'8 - I DeadTime: 3.8 (%)
— 1.2 3
e [
£
0.8 - '
u | This analysis 355 pb o
B.E .~ - SN - .= - - SO SPS
- Unlike Big Brothers LHCb runs at
0.4 — -{ lower instantaneous luminosity:
- : : E E | up to 3.5x10%
nz __. ....................... ' : ' LOW pileup. 1.4 pp/Bx
_I | | . | | | i | [ | | 1 i 1
0 !f'ma 26/04 26/05 25/06 25107 24/08 23/09 23110
Date

Many thanks to LHC machine team!
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LHCD

Analysis strategy

® Determine the model/ independent cross-sections

in LHCb fiducial volume 2<y<4
® Reconstruct prompt charm hadrons:  3<pl <12Gevic
Jhy —ptu- Pl <12GeVic

D’—K-rn*, D*-K-rn*n*, D.— (K*K~)mt, Ag— prKont
® Take care about background and keep track on
efficiency determination
* Use sPlot technique for background subtraction
* Use per-event efficiency correction
* Extract efficiencies from data (when possible)

7 Feb 2k+12 CERN LHC Vanya Belyaev a1



LHCD

Event Selection

Jhy two muons in common  Open charm hadrons
PV vertex
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LHCD

Event Selection

JyC two charm with 2+xOpen charm hadrons
common vertex
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Charm hadron reconstruction %

® Start from good quality tracks

® Apply positive PID
1, K,m,p
® Vertex quality cuts

Somantra”

- Daughter particles do not point to PV (>30)

- Mother particle does point to PV (<30)

- Mother particle has non-zero lifetime (except J/y)
- The decay structure is self-consistent

® PV & decay consistency
®

et cut for open charm hadrons

® As similar as possible (a bit tighter for A,)

7 Feb 2k+12 CERN LHC
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Charm hadrons

LHCD

r—ﬂ\’\ | I I | I | | I I I | I I I I I I I I |
Bk - LHCb Preliminary
J/\I’_)M H JL=355pb™"

1 NMe

|
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dmysy,
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LHCD

2xCharm

® Require both hadrons consistent with the same
PV - the only one cut %%(C,C,)/adf <5

® By construction: 100% efficiency for signal:
* 2w(CiC)) = Xew(CH%m(C)
* 4u(CdE <5 & %%:(C,)/mdE<5
* Remove particles from different PV (pileup)
® Apply trigger matching:
JWWC require the event is triggered by J/y

CCand CC: either of open charm hadrons triggers
event

7 Feb 2k+12 CERN LHC Vanya Belyaev 26
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2D-mass spectra  HG
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2D-mass spectra KSR
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LHCD

2D-mass spectra

D*C

LHCb Preliminary
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LHCD

D’C 2D-mass spectra
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CC - 2D-mass spectra

gg — ¢C
g LHOb Preliminary Signal Extraction
- ® 2D- unbinned maximum
likelihood fit

Flmim;) oc N5 x S;(my)Sj(mj) + N¥Fi x §(m;) B;(m;)
+ NBXS5 o Bi(my) S, (my) + NP5 x By(my)B;(m;)

Bxh MoWZ Jod
10 10 MoV 2 /e

Jhy: double-sided Crystal Ball
Open Charm: «Bukin»
Background: exponential

Extensive goodness-of-fit tests

Cross-check (binned) fit-in-stices
Significance

e
=
O e

R ———

Gap224710

/"7
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IO Yields & Significances

Modeo Yield Significance  Goodness-of-fit[%] >5c6
T/pD 4875 + 86 > 300 5
_|_ i) ‘ = - ‘
JApD 3323 £ 71 > 300 26 4 e
_|_ i - ¢
JApD; 328 + 22 13.60 65 e
JJpAH 116 + 14 7.30 03 7CC
Mode Yy
S, P (%
DE[)‘:’ LOST == 37 270 4[.5(]
DD 10080 == 105 = 300 33
DD+ 1177 &= 39 290 31
DED* 11224 4+ 112 > 300 36
DD 111 + 12 S 10
DD 859 =4 31 260 13
DOAF 41 =8 S50 9
DYAC 308 == 19 140 35
D"D* 249 4= 19 120 15
DD~ 3236 &4 61 = 300 67
DTDF 52 £+ 9 S50 5i
D D_ 419 =+ 22 180 59
DAY 21 £ 5 2.50 36
DTA 137 =+ 14 :
- 37 - So 7
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LHCD

Per-event efficiencies:
as much as possible from data

glot = pcacc&rec&sel x opid x otfg x o*track
ace&rec&sel = ~ ace&rec&sel ace&rec&sel

e =& ><82

ebld = TTeK x [Te™ %[ TP [ x g2nJhy ]

a*track =T1 & track

e 8(JyC) = e"8(J/y)

e®(CC,CC)=1-(1-¢,"8)(1-¢,"8)

35
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Efficiencies II

gecdrec&sel fpom (single charm) Monte Carlo Simulation

* As function of pT& y for D°, D, D, A,

* As function of pTy & cos6’ for J/y

gk & and &P from DATA using A>—p*n-and D** —(D° —»K-n*) n*
* As function of p&n and #Tracks

g2%IV from DATA, using inclusive J/y peak
* As function of Jiy pT&y

e"¢(J/y) & g from DATA using inclusive J/y, D, D*, D%, At
* As function of pT&y

£k from detailed DATA/MC comparison

* As function of track pT&n
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Cross-section

® Use _Weight/Plot technique:

* Each event i has weight o, from .Weight
* Probability event to be signal

* This weight is corrected by 1/¢™T

NCorr s
o E : tot ° Th s .
— & e price:
1
The inflation of "“statistical' error
J\corr Need good control over efficiency!
o

L x By x By x cGEC
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LHCD

Systematic uncertainties

® Dominant:

* hadron track reconstruction uncertainty related to hadron
interactions in detector:

* 2% per hadron track

For modes with A, and D, large uncertainties due to
uncertainties in branching fractions

* cancelled in ratios

Uncertainties related to signal extraction and
efficiency corrections are small (1-3-5%)
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JyC cross-sections: and ratios %

LHCb Preliminary

Mode o [nb]

J/lbDO 161.0 3.7+ 10.3+6.5
J/UDJr 5666 £1.7+£4.9+3.3

J/UD;r 30.0L£26+2.6+22

JPAF 1324 7.0+£4.0+11.3

Using LHCb measurements for o,,, [EPJ C71, 1645] and 6 [LHCb-CONF-2010-013]
LHCb Preliminary

Mode O'JNJC/U‘]N, [10_3} UJXLL?C/UC [10_4] UJ;LL,Uc/{TJN}C {mb}

JADY 1618 £038 £ 131702 6.69£0.18£046  1494£04+ 11757
JADT 5694017062558 56720204040  17.6+0.6+ 13727

JADE 3074£026£035%%  TI6£081£0.63 128413+ 11757
JAPAS  A34£070+ 121700 552+ 100+£062  180+33+2175%
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LHCD

cross-sections

Cl.8r 6€

LHCDb Preliminary

Mode o [nb] ooc/oce  |V] 00,00, /0cyc, [Mb]
DD° 687 + 43 & 66 + 33 1004 0.8 2 x (12.2 £ 2.8 £3.6)
DOD° 6225 + 123 + 561 + 280 T 2 X (4.65 £ 0.13 & 0.40)
DD™ 516 +81 +59 + 31 198491 46.6 +£7.3+4.2
DD~ 3985+ 91 + 439 + 231 e 6.02 +0.19 + 0.54
DD 266 + 53 & 33 £ 20 T 35.6 £ 7.5+ 3.8
DD 1680 & 107 + 202 + 121 JhE 5.6 +£0.54 0.6
DUA- 2010 + 279 £ 261 = 543 — 01+15+13
DD T6+12+11+7 06116 2 x (65.6 £10.5 +7.3)
DD~ 779+43+109 £ 73 C 2 % (6.440.440.7)
DTDF 6716 +£9+6 91439 58.6 £ 145+ 5.9
DtD; 54T+ 57T+ 77 +45 S 72409408
DFAS 58 £20 + 9 + 16 07450 131.8 £ 68.3 £ 19.8
DTA7 5344130 £ 80 + 144 S 14.6 +£3.7+2.1
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Cross-sections & ratios

LHCD

LHCb Preliminary DODHo P . DD % LHCDb Preliminary
Vs =7 TeV B B VE=TTeV
JC = 355 pb ! D°D - - D°D J£ = 355 ph1
DD e e DD
DYA_ g e DA
D D~ o i DD~ x 1
_ DD, i e D*Dg —
DDDU - DODU > % e ol .
0 DOD+ —— cecece
DD+ i
DOD:‘Jr e DOD;" ke
DD+ - DD < ; -
DDy s — DD+ —
DTAF — ceec D¥AS o°f from Tevatron M
e R T ne —
—>CCCC B 1] —
o AL ® /D J/$D+ ceee
ERTHTIELE - I/ DT -
(I J/pAF
= J/ WAL €
T Lo | Lo
L il | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| L 11 10 102
10t 1 10 10° 10° 10* e e
TCTC, [mb]
o [nb] TC,Cy
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2*xCharm
LHCb Detector & Data sample
Event Selection
2xCharm signals
Efficiency corrections
Systematics
Cross-sections & ratios
Properties of 2xCharm events
Conclusions

7 Feb 2k+12 CERN LHC Vanya Belyaev 44



Properties of JiyC,CC & CC events %

® Background subtracted & efficiency corrected
distributions:

JC & CC
pPQCD some correlations
DPS the production is essentially uncorrelated
CC
Gluon splitting, flavour creation flavour excitation, etc...

pT(Cl)» pT(Cz)
A¢ and Ay
m(Cl »CZ)
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JhyC

p'-spectra

LHCD

Different from gg—J/ v Similar to gg — ¢
Ul T T T | T T T T | l_:u| | | T T | T | T | T B
;‘ T LHCDb Preliminary ;‘ : LHCb Preliminary :
IS + Vs =TTeV e e Vs =T TeV
= 10° Wi% : je=35pb-t g P e J£ =355 pb—! 5
2 - H— 1 B - % ]
— - ¥ ] = - ﬂq_ - ]
o2 f% I 1 %o - R i .
sBE R —o # | :b'.‘f ijﬁm
= 37 107 Tt E
2 @ JyD° % _ E e JiyD® %@? + 1 -
- w JyD? +ﬂﬁ' 1 - m J/yD* # :
"~ A JiyD, Jr ++ ] L A D, T ﬂﬁ %_ !
10 - e ¥ - - Dashed colored: single C |
C ] ] | ] | —0oH 104 1 | 1 1 1 | ] 1 ] | 1 1 | L
0 5 10 4 6 8 10 12
AT 1\ /A T \ \7 /.
Py, GeV/c| ne GeV/¢]
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S

CC p'-spectra

Spectra are flavour independent

LHCD

0 1 [ T | T | T T T | T T T - | . T T T ] N 1 L | I I I I I I | I I I- | . I I I ]
> b LHCbH Preliminary 4 [ LHCb Preliminary
C # - TV A e $ ! Ta\V |
—= 4 ] \/.EZTTG\( == 1# f \/.;:7TE‘\
210 + L=355phtd RIE ﬁ —  [L=355ph7! =
Yk ++ W f l 1, & F ﬂ; f 1 ]
4 . |-
T + T 10-2__ __i ‘
102= e DODO + - + f ]
= D°D* #{E = DD f#
+j A D'D, .
T | IR SR R IR B 103 T A R RN | -
4 6 3 10 12 4 6 3 10 12
e GeV/c| e GeV /(]
7 Feb 2k+12 CERN LHC Vanya Belyaev 47



CC p'-spectra

Spectra are flavour independent

—— | L L | N I
> LHCDH Preliminary - LHCbH Preliminary
210" s i N B .2 -

B S=T1Tev ] ity =TTV
3 W, [c=3mpbt] B[ e . Je=wa

il o TR 41 .

*b.\_,_. :qj;iﬂ:: _ *b oy —TL ﬁﬁ
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p'-slopes: 3<p'< 12 GeV/c

D
e D+ LHCb Preliminary
—il—
+ Vs =TTeV
A D prompt s 11
AT [L£ =355 pb
C
S =
ccC
DD -
DD -
DOD; A
DA ; CC
DD -
DTAZ
DODO hd
DD+ —-— L
DD}t CC —— cecce
DT*D* -
1
D DT
o J/pDP
- J/pDT T
J/ AT .
ceee
J/pD -
J/ DT | 1 -
J/wD—l— p.]Ilel &
J/PpAF
| | | | | | | | | | |
1 0.8 -0.6 -0.4 -0.2
pT-slope [(Ge\-’/c)fl]
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LHCD

Fit with exponential

® “Similar" within each
category

C from JIyC is similar to
single C

Jly from JhyC is very
different from single J/y

® CCand CC are similar
and both are very
different from single C
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JNWC A and Ay

Support for non-correlated production

'l:_g| 025_ L L LB B B B BB 02: T T T [ T T T T [ T T T T [ T T T 1 ]
e ° ‘J/\VDO LHCDbH Eéein;il'ﬁr{,\: ] ,_.?_.“: 0]3:_ PY J/\VDO LHCbH ‘lj’/rgein;il.}&rei _:
0% 02 w JyD? fe=355pb~t 016 m JyD* J£ =355 pb1 2
= A JyD, i :

K ]z oaar A WD =
0.15- A o # 5

o bk Rt I =
z T | %[

0.05F
i 0.02 :»;r—
.

2

0.

f—

#
e
n

0_ | 1 | | 1 | | | | | 1 | | | | | 1 1 | | 0 1 | 1 1 | | | | | 1 | | 1 |
0 0.2 0.4 0.6 0.8 1 -1 0 1

Ad| /7 Ay

l:_)Tl‘lll|III|III|III|III|II|
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CC A¢ and Ay

No prominent correlations?

'k_:| 035_ I I | | I I I I I I | | I | | I | | 05: I I I | I | I | | I | | I | I I I I E
— N LHCDb Preliminary 0 4;1:_ LHCb Preliminary A
= 03 e DODO VE=7TeV ] = E VS=T7TeV 1
=1 “r — = — '_.C.: = _ gEe —1 7
Eg v DD+ J£ = 355 pb e 045_ J£ =355 pb™" 3
T 0nE 1 3 035F -
- _ 5<_] - 1
0ok 3 =F o03F e DD°
: 0255] m DD*

v 1 ok 3
0.1 i: | - 0.15F e -

- %: 0.1F =
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A /7 Ayl
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CC A¢ and Ay

LHCD
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LHCD
HCOD

Compare with CDF’2k+6

http://www-cdf.fnal.gov/physics/new/bottom/060921.blessed-double-charm-corr/

® CDF: azimuthal correlations for DO D™

. * g « *
Large gluon splitting contribution
Very different kinematical region
5 CDF Run Il Preliminary, 1.1 fb™ CDF Run Il Preliminary, 1.1 fb”
9; - D% |y <1, 5.5<p_ <20 GeVic ‘931.4:_ D": ly| < 1,7.0 <p_<20 GeVlc
= = D*:|ly| <1, 5.5 <p_ <20 GeVic .51 2:_ D*:ly| <1, 5.5 < p_ <20 GeVic
= T S -4E T
< [ —8— Data <J1 0F —=&— Data
lg 3E — Pythia, ¢B,p_ > 5 GeVle % -'-g " — Pythia, ¢%,p_>5 GeVic +
T + ——  Flavor Creation "50'8:_ —  Flavor Creation )
2:— — Flavor Excitation . 0.6 — Flavor Excitation
= ——  Gluon Splitting T 04:_ ——  Gluon Spilitting %
I == T
: i 0.2__ ) é
P N R e ey orrart IR Hwrer 0 e T T
% 20 20 60 80 100 120 140 160 180 %% 20 40 60 80 100 120 140 160 180
A [] A¢ [°]
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JyC ‘and CC invariant mass %
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° “Flavour'“ independent

CC

invariant mass

® for m>7 GeV/e: very similar to CC
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LHCD

Global Event Activity

® Compare number of primary vertices, tracks, hits
in subdetectors, ...

® No clear pattern has been observed

® No significant difference with respect to the
single charm events with same selection

® (One more indirect argument against pileup)
* decrease number of PVs (-1)
° increase multiplicity (x1.5-2.0)
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2*xCharm
LHCb Detector & Data sample
Event Selection
2xCharm signals
Efficiency corrections
Systematics
Cross-sections & ratios
Properties of 2xCharm events
Conclusions & Summary
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LHCD

Comparison with: models

PQCD (gg — cccc)/MadOnia, DPS, Pythia, IC
® pQCD is off by the factor ~20
® Support for (factorization) DPS
* excellent agreement for JiyC
* factor ~3 off for CC
* general support for “uncorrelated"’ production

® Pythia fails to reproduce all the cross-section
ratios and spectra.

® IC agrees on cross-section, but lack of well-
defined predictions on spectra, correlations, ...
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LHCD

Summary

® JWC production has been measured (>7c) for the first

time at hadron machines
All four modes. JyD®, JyD* JIyD,, JIWA,

CC production has been observed for the first time for
six modes with >5¢ significance:

D°D®, D°D*, D°D,, D°A,, D*D*, D*D,
CC production have been measured for seven modes
Cross-sections and ratios have been obtained
pT-spectra, Ad, Ay and m(C,C,) have been studied

In total LHCb measured 1 + 4 + 6 + 7 = 18 modes from 25

Stay tuned: LHCb-PAPER-2012-003 in preparation
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THANK YOU
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LHCD
HCOD
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G©)  Theory: double charm at LHCb %

Table 1.1: Predictions for the production cross-sections of the J/{C and CC modes in the PYTHIA
LHCD fiducial range given by the leading order gg — JApc¢ matrix element [12 I3, 16! Mode 03,,c [0b)
04, the double parton scattering approach, oppg and the intrinsic charm model, oyc. J‘,."\p[)i 160
J/pD 58
= JpDy 33
; mr . J b/ + )¢
Mode State-of-art pQCD onps aic /WA 23
[nb] Mode ¢ s [nb]
JpD®  10+6 7TA4+37 146 + 39 220 D el
JApDt 543 26+1.3 60 + 17 100 D'D* 650
| S L - : 01y— 5@ 3
J/pD  10+08 1.5+ 0.7 24 + 7 30 e
J/pAF  08+05 09405 56 + 22 D 88 x10
| ub) DA 4.8 x 10°
umnyu ( ¥ DYD* 120
l.) I) 2.0 i O.D 15 DD 23 x ]03
DD+ 1.7+ 04 1.4 DTD7 0
D7 2.5 x 10°
DYDF 0.65+0.15 0.4 e
DOA} 1.5+0.5 1.4 311\); 1.&;)103
DDt 0.34 + 0.09 0.3 DID- 670
+1+ 0= - 9 DFAF 50
D*D; 0.27 + 0.07 0.2 ST
DYA; 0.64 +0.23 ATAT 20
ATAD 370
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LHCD

Do we have pileup?

® 3 approaches:

* Generator level MC with applied efficiency factors

® Cross-check with inclusive J/y, D°,D*,D, and A, MC
samples

® Good statistics, but some assumptions

®* Full simulation:
* Low statistics, need some assumptions

* Real data: vary y?;/ndf cut

® All three methods: pileup is totally negligible
® A tiny fraction of the statistical error
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LHCD

Pileup from data
pileup is totally negligible

:E 104 E T T T T T T T T T T T T T T T 3 E 104 E T T T T T T T T T T T T T T
s = LHCb Preliminary 3 3, = -, LHCb Preliminary
= - - Vs =7 TeV b | & o e V8 =7 TeV
;N‘? 103:_ o & TaEsipE _: fs'ﬂig 10°E T J£ = 355 pb~1
= E - E = = . 2
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o xR - R :
.l( }24 10 \ DTF/ll(lt l()l(‘>10 \ DTF/ll(lt

Figure 6.1: The background subtracted distributions of \{rp/ndf. a) For J/PpD° events.
The solid red line corresponds to the fit result in region \{pp/ndf > 5 by function
described in text, the dashed line corresponds to the extrapolation of fit results to
\Hrp/ndf < 5 region. (b) D°D? events (black circles corresponds to CC and blue rect-
angles corresponds to CC case). The solid red (green) line corresponds to the fit result
in region \{p/ndf > 5 by function described in text, the dashed red (green) line corre-
sponds to the extrapolation of fit results to y3rp/ndf < 5 region for CC and CC cases
respectively.
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Global Event Cuts

LHCD

Global Event Cuts (activity in subdetectors, namely #hits in Outer Tracker and #hits in SPD
detector) are applied during data taking to suppress few very busy events.

The effect is studied on the data itself. Efficiency £%EC is extracted through

-
extrapolation
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%, DPS: a rather simple paradigm %

LHC is LgC
JﬁFE’;S = g Z /Fij(xl!EQ!l)I:bQ'! Q%Q%} X (}‘jﬁt (-'1:11""[:’1'! Q%)&_}‘BI{IEI‘:}*Q%) SIngIe parToniC x-seCT'on
ikl ,PDF (unknown)

x Tii(xy. 9. b1 — b, ba — b, Q% Q3) x drdrodrdryd®byd*byd?b,

rij(Il!IQ;IJI:bZ;Q%:ng = DE{EI!;E?;Q%: Qﬁ}f{bl}f{b2}1

DY (z1,29;Q%,Q3%) = Di(x1;Q%) D (22;Q%). | Can’t be true for all x,Q2

Both for total and (double) differential

A B
AB m 3psT3ps
2

Feff

Ipps =

Easy to make predications!
And the predicitons are easy to test

Universal (energy and process independent) factor)

1/O'€ff — fdeFg(b)
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LHCD

Analysis strategy

® To measure:

®* Model independent cross-section in signal window
* Various ratios (with minimal error)

® Rely on per-event efficiency The price
The enormous inflation
of “statistical' error

® Evaluate various techniques for signal extraction
* Choose Plot/ . Weight
* Correct weight from Weight by 1/¢
* Careful check for biases and correlations
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LHCD

Event Selection

® Start from good tracks:
®* Minimal pT, good track fit quality, remove clones

® For hadrons: fiducial cuts for good PID
® (nK,p,n) PID cuts are imposed

Track Selection

ut, h* \o. /ndf < 5 & AR = 5000

T pl = 650 MeV /c

h= pt =250 MeV /c & 2.0 <7 <5 & \H = 9
7t K* 3.2 GeV /e < p < 100 GeV /e

D+ 10 GeV /e < p < 100 GeV /e

Particle Identification

e AWD]oo £ = 0

7T AYK Nog £ = 2

K=+ AKX/ log £ = 2

p*t AP/ Koo £ = 10 & AP/Tlog £ > 10
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Charm hadron reconstruction %

Vertex quality cuts oty

- Daughter particles do not point to PV (>30)
- Mother particle does point to PV (<30)

PV & deca y C 0”51:5' feﬂC y - Mother particle has non-zero lifetime (except J/y)

- The decay structure is self-consistent

et cut
As similar as possible (a bit tighter for A,)
JAD D° D+ D AF
e K—7" K=ttt (KTIK™), 7t pK—7t"
1y 2 <y<4
pT [GeV /] < 12 3<pl <12
XX < 20 <9 < 25 < 25 < 25
Xip T <9
&, /ndf < 5
. -7 = 100
cT [ umn] — cT > 100 ;: — 500
|cos 0% | — < 0.9 — — —
mg+x-  |GeV /] — — — < 1.04 —
min piE  [GeV /¢] — — — — > 0.5
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LHCD

IO Systematic uncertainties

® Dominant:

h d 1. k Source DD DD*  DDF DAY
aaron Trac DC reconstruction £5*° x & 14 1.4 2.3 3.6
N N Hadron ID gD 1.2 1.8 1.6 2.4
reconstruction uncertainty | ' weoonoon
C - S ot . . W\
related to hadron Trigger TE 8 25 39 52
. . . Global event cuts glEC 1.0
L] . . o =
interactions in detector: ity L b
BD" = K-77) B, 1.3
2 % pel' had,'on ff'aCk (C branching ratios B, 1.3 43 6.0 26
Source JD"  JjpDT  JjyDr  JjAT Lotal 0 L2 - i
JAb reconstruction  £]°° 1.3 Source DD+ D D+ D A=
C reconstruction %< 0.7 0.8 1.7 3.3 : = - it
Muon ID R) 1.1 D*C reconstruction £ x ef* 14 2.2 40
Hadron ID fhéd 1.1 1.9 1.1 1.5 Hadron ID 3 {Ed 23 24 3.0
Tracking gk 4.9 7.0 7.0 7.0 Tracking gk 12.8
Trigger €310 3.0 Trigger £ 3.7 5.8 5.0
JAp polarization o 3.0 Clobal event cuts £GEC 1.0
fk’b.al m.fm cuts EGEEC gz Luminosity L 3.7
uminosity D 1 — 4 4+ 'K
B(JAD — utur) B, 1.0 B:(D - ,I\ e ) By N “ y
C branching ratios By 1.3 4.3 6.0 26 C branching ratios By 43 6.0 26
Total 8 10 11 28 Total 17 17 31
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Cross-sections & ratios KHCD

D{]D(] CE . —— — D(]D[] % %
D'D- - - cc DD~
D°D_ e * DD
DOA- . . DOA;
D+D— - - D*D~ x
D+D_ s e D+D2o
D+;'T!L: . - D_Ji;
DOD° - DD « 1 o
DD+ e DD+ i
DD+ kn DUD: H—k—#
DD+ - DD+ x % el CECE
D+D h D*Drs ——
D+AZ DAL i ~
Ag ¥ ot from Tevatron
........................................................................................ ; .
gg—cece 1D+ _
» LD - cccce
i s 1 +
1A J/ApA]
T | |
o ol s vl vl — I ! R
-1 2 3 4 10 10~
10 1 10 10 10 10 * ok
T, 90, 1
* b e [rmb)]
o n T,y
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LHCD

p'-slopes: 3<p'< 12 GeV/c

e b } Fit with exponential
........ S wl | ® *Similar" within each
b | <. category
§ " ® C from JWyC is similar to
-------- . single prompt C
;e = ®* Jy from JC is very
-------- B B8 B different from prompt J/y
—f o } E ® ccCand CC are similar
R } o =1 and both are very
bl A different from single
o prompt C
p'-slope [(GeV/e)™]
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