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e The LHCb experiment

e Studies of inclusive particle proeduction via measurements of:
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e Good assortment for all tastes :-) e Charm and beauty production at LHCb
(by A. Kozlinskiy on 23.04.2013)

. e Inclusive particle production at LHCb
(by D. Volyanskyy on 23.04.2013)

e Properties and decays of the Bc meson and b baryons
(by Y. Xunao on 23.04.2013)

e Quarkonia and quarkonia-like spectroscopy at LHCb
(by C. Fitzpatrick on 23.04.2013)

" .« Studies of excited charm and beauty mesons at LHCh
M (by V. Gligorov on 23.04.2013)

5 i Saaasaiion 'fm e Studies of quarkonia production and polarisation at LHCb
o ;I--.H_rﬁ‘_f'iﬁz:-_z-;-__m;ur;‘; "y (by M. Frosini on 23.04.2013)

.

"E% ::,' N E e Electroweak boson production at LHCb
(by S. Tourneur on 24.04.2013)

e Exclusive J/psi and psi(2S) production in pp collisions
at 7 TeV (by R. MCnulty on 24.04.2013)

e See conference program for more details e The LHCb upgrade (by U. Marconi on 24.04.2013)

23.04.2013, DI1S2013 Inclusive particle production at LHCb by D. Volyanskyy
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The LHCDb experlment =

e Forward spectrometer with 3 M2 B R SN P 2\
planar detectors: b HCAL EC,&L& RICH \madEH{l 4 MAGNET Gl A4’
Thars Lo |M1 Rk

A 4T3 T2 TP

— angular coverage: 1.9 <n <4.9 Wik
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— combination of PID and - 4 1 | ! Ii II o = ‘“
tracking detectors covering = By b
the full acceptance: '
unique @ LHC
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— ability to explore low-pt
processes at large n
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e Excellent tracking performance: e High quality particle identification:

— momentum resolution of tracks traversing — RICH system: efficient hadron ID over the wide
the full tracking setup op/p~ 0.4-0.6% momentum range — unique @LHC

— great invariant mass resolution and precise — Calorimeter and Muon Systems:
vertex reconstruction achieved

robust e, y, muon, hadron separation + trigger

e Selective and flexible trigger system

JINST 3 (2008) S08005

23.04.2013, DIS2013
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Data taking

year  luminosity energy (TeV) | g %0 DU 2012
2009 6.8 b 0.9 5 o |—— Recorded Lummosty 308 ' ]
2010 0.3 nb™ 0.9 [ Dalversd Luminosty 121 ' §
2010 37 pb_l 7 -Q: 1.5 | o %ﬁiiﬁ ELU:;:&:EE -;]_lo4 for! — -y _
2011 0.1 pb—l 276 § Recorded Luminosity 0.04 b 2 2 011
2011 1.0 fb™ 4 E ) S SN U P~ 0 N~ N
2012 2.0 fb™ 8 A
2011 3.7 pb™ 2.76 B os} i i
-1 @
2012 2.0 nb 5.02(pPb/Pbp) g} 2010
: . £ 0 Apr Jun 'Aug "~ Oct Dec
LHCDb Efficiency breakdown pp collisions 2010-2012 Date
[ FULLY ON: 93.05 (%) e ~93 % data taking efficiency

] HV: 0.54 (%)
[ ] VELO Safety: 0.85 (%)
I DAQ: 2.85 (%)

I DeadTime: 2.88 (%)

e ~99% r/o channels operational

e ~99% of accumulated data are useful for physics analysis

e L uminosity leveling to moderate interaction rate
e In 2011&2012, high luminosity (up to 4.0x 10* cm? s™*) running
e | HCb design luminosity: 2.0 x 10% cm? s™

Results shown here were obtained with low pile-up @ Smooth data taking by LHCb despite strong challenge for
data and microbias trigger the trigger and offline data processing

23.04.2013, DI1S2013 Inclusive particle production at LHCb by D. Volyanskyy
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® Energy Flow (EF) :
— average energy created in a particular n interval per inelastic pp interaction

~ e EF is measured for the following event classes:
art, . . .
1 dE;.: 1 1 pz ! 5 — inclusive MB: at least 1 track in
— A _ i,Mm 1.9<n<4.9 with p > 2 GeV
N int d?] An N. int i=1
— hard scattering: at least 1 track in

1.9<n<4.9 with pt> 3 GeV

e £F is sensitive to the amount of parton radiation and
multi-parton interactions (MPI) — diffractive enriched: inclusive MB with no

in —3.5<n<-1.
— strongly needed for a precise description of the UE backward tracks in =3.5<n<-1.5

— possibility to discriminate between MPI models _s non-diffractive enriched: inclusive MB with
— great input for MC tuning at least 1 backward track in —=3.5<n<-1.5

e Charged EF: tracks traversing the full setup

e improve the existing constraints on ultra high energy NIETEl 12127 B e e E e

cosmic-ray interaction models:

— LHC provides first possibility to compare cosmic- e Data corrected for detector effects & compared
ray showering models at Eilab of up to ~107eV to PYTHIA-based+cosmic-ray models

e Systematic effects decrease towards large n

arxXiv:1212.4755 [hep-ex]
accepted by EPJC

23.04.2013, DI1S2013 Inclusive particle production at LHCb by D. Volyanskyy
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ﬂH a0 PY¥THIA 8.135 default U'H PYTHIA B.135 default ' _:
J. of Phys. - Conf. Ser. 331 (2011) 032023. E-Eﬁgz_diﬂrar:tiveenriched events 1 E '%5150: non-diffractive enriched events +_l“
- eur I I s B & .
Phys. Rev. D82 (2010) 074018, arXiv:1005.3457 £ : } Ll 18T . r—i-!:
e F—d ] R0 e 5
Comput. Phys. Commun. 178 (2008) 852, arXiv:0710.3820 o ;...][.___I_j ] - e
| ' e ]
20} + r— LHCb |  sof r_;_f“""l LHCb
' AN =TTy P (s=7 TeV
Ig 1 ;_ILli-l 1 Jl 1 | I 1 1 | I 11 | J L1l | | L1 1 i G-l L1 1 1 111 | | 111 | L1 1 | | 11 1 l L1 1 1
E 1.5k= [ Systematic Uncerainty - % 1.4~ [ Systematic Uncertainty  _]
g 3 1.2 _
. = , . * e —
arXiv:1212.4755 [hep-ex] —— e ' oo B e e
I__.‘.__'__——-————____ B 7
aCCepted by EP\]C ﬂs—l 1111 | 1111 | 1 111 | I 111 I | | | 11 I_ G-s—l 11 11 I 11 1 1 | L0111 | 1 111 | I 1 11 I | I_
z 25 3 35 4 45 q z 25 3 35 4 45 q

23.04.2013, DI1S2013 Inclusive particle production at LHCb by D. Volyanskyy



MAX-PLANCK-INSTITUT
\\\\ FUR KERNPHYSIK
€ M HEIDELBERG

AN

%‘ :l 1 LI | LI | LI LI LI LI l: %‘ rl LR | LR | ) LI LI 1 L I L I:
O 2501 T g:gm 89 AR T E;gsma -
e FPOS 1.99, SYBILL 2.1, QGSJETO01, 5 [ SGsETo] 1§ [ s =
QGSJETII cosmic ray interaction models Waoof  Gomiien ] 1 400 SvolL 21 SR
2_5' - inclusive minbias events __! +- ZE hard scattering events — + ]
— SOft processes via Pomeron exchanges = 150p T o Wﬂ_
(Gribov's Reggeon Field Theory) O 5 I [P 3 =+ ]
— hard processes: pQCD or exchanges of : e s 1 T o
. - Al . - e -
semi-hard Pomerons == o7tV | e (67 Tev
N mOdelS are not tuned to LHC data o ﬂ_| oo v v e by b |l| 1l o G-I S S A I | L1 |.| L]
. . B 1.4 — S;.'slumal'f:. lI:I.'-h.:/?E'_d._l!'l_l_:.fm = % 1.4 [ Systematic Uncertainty _|
— thanks to Ralf Ulrich and Colin Baus S o 1 814 ———
- .. = N et s B o i 1
from KIT for providing these predictions i = ] ————s ]
0.8 — 0.8 —
AStrOpart Phys 35 (2011) 98’ arXIV11015596 I:}'ﬁ_-| bl | I N __ G's_-l bl pa g lev ey by by by |_-'
J. Phys. : Conf. Ser. 60 (2007) 167, arXiv:astro-ph/0610788. 2 2 5 3 4 45 w2 25 3 35 4 45
AIP Conf. Proc. 928 (2007) 118. Erm: e Oua | | e EEEDE e Daw | | o 3
= [ —=—- EPO51.99 1 = - ——=- EPOS 1.99
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Phys. Rev.D80 (2009) 094003, arXiv:0906.4113. A SYBILL2 1 L | SYBILL 21 o
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. . T oo 0 o A M - == .
e SYBILL 2.1 gives the best description of g I } 18 f .;-------1’1—' ]
the inclusive and non-diffractive EF o 1 }_{-4 1™ o E
i ] : o] :
_ 20 i- =1 LHCb s0F- pwd LHCb ]
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Charged Particle Multiplicities (1)

e Measurement of the charged particle multiplicities :
— sensitivity to the underlying QCD dynamics

— charged particles counted using reconstructed tracks
in the VELO (no magnetic field — tracks are straight lines)

— measurements with minimum bias and hard interaction
(at least 1 long track with pt>1 GeV) events

e Charged particle density per event vs n for the data and models:
— normalized to events with at least 1 charged particle in the forward acceptance

[ T T T T T T T T T T T T T T T T T T ™ Q T T T T T T T T T T T T T T T T T T T

(a) LHCb ys=7 TeV (b) LHCb 1s=7 TeV

£ "

3 — Pythia6 (default) — 3E — Pythia6 (Perugia0)
2 ----- Pythia6 (LHCb) 3 JF- Pythla6 (NOCR) E
) - No diffraction
£ | Phojet E 1 E | - Pythia6 (Perugia0) E
----- Pythia8 (default) - C Pythia6 (NOCR)
G 5 L 5 M 5 | M L M ] M L " 1 " M L 1 ] 0 - M [ M M M ] M L M ] L M L 1 " M " 1 M
-4 -2 0 2 4 -4 -2 0 2 4
n n

— large discrepancy between the data and model predictions: Perugia NOCR without diffraction gives the

best description of the measurements Eur. Phys. J. C 72 (2012) 1947

23.04.2013, DI1S2013 Inclusive particle production at LHCb by D. Volyanskyy
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e multiplicity distributions for inclusive MB and hard events vs generator level predictions:

ﬁg1 o L T T pvrhiss detauy 10’ F o~ T T T T T pymiine (perugian) L LI I " T | — pyrmias eraum ;1 o DT T T | eyvrhiae (perugian)
:gr ./ A [ PYTHIAG(HCR) | B N |77 PYTHIAG(NOCR) ¢ ... PYTHIAG (LHCb) I [T PYTHIAG (NOCR)
. ', Mo diffraction
6_0— :-";(\- “.“ PHOET % | PYTHIAG (Perugia0) PHOJET
N L - =+ = PYTHIAS (default) .-~ PYTHIAG (NOCR) === PYTHIAB (default)
102 1 10?| 1 1021 1 103}
10°F 1 10°F 1 10°F 4 10°F
2.0<n<4.5 W b 2.0<n<4.5 2.0<n<4.5 [ 2.0<n<4.5
[ Inclusive MB events\." | [ Inclusive MB events \ Hard events [ Hard events
(a) LHCb \s=7 TeV "] (b) LHCDb \s=7 TeV (a) LHCb \s=7 TeV (b) LHCb \s=7 TeV
1 0.4 1 1 1 I 1 1 1 I 1 L 1 1 04 1 1 1 I 1 [ 1 I 1 [ 1 | 04 1 1 1 I 1 [ 1 I 1 1 1 1 04 1 1 1 I 1 L 1 I 1 1 1
0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60
nch nch nch nch

e none of the generators are fully able to describe the multiplicity distributions or the charged density
distribution as a function of n in the LHCb acceptance

e models underestimate the charged particle production in the forward region
— valuable input for MC tuning and UE models

Eur. Phys. J. C 72 (2012) 1947

23.04.2013, DIS2013 Inclusive particle production at LHCb by D. Volyanskyy
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Hadron Production Ratios (1)

e Ratios of prompt hadrons at 0.9 TeV and 7 TeV

p K x p+tp K+K p+p
P K ' n4n n4+n K +K

as a function of pseudorapidity and transverse momentum:

— sensitive test of hadronisation and baryon number transport S S S

"““FLHCD fit to LHCb and ALICE data
12 —e— {5=09TeV .

— RICH-based analysis: n/K/p separation over a | L —=— (s=70TeV
wide momentum range -

p/p

— very important measurements for MC tuning

08F
— PID efficiency and purity estimated from data using tag . & ALICE
. 06 s BRAHMS
and prc;be mfth_od on. L - s PHOBOS
- + STAR
Ks—>T[ T[,(I)_>K K,A_”Tp 0'4; £ 1 ¢ ISR
02 o [ * PHENIX

II.lIIIlI..I.III.I..IJII.I..lIIIl.I.

e Ratio Z?/ P is also measured as a function of rapidity loss

ﬂ L i 'l L J. I L L it I

Ay:ybeam_yparticle’ ybeam:89(69)at\/gz7<09)’rev 0 3 10

— consistency with previous measurements, much better accuracy

-2
e

— no significant dependence on pt and NE

Eur. Phys. J. C 72 (2012) 2168

23.04.2013, DIS2013 Inclusive particle production at LHCb by D. Volyanskyy
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| plp |

—— LHCb Data —— LHCb MC —— LHCb Data —— LHCb MC —— LHCb Data —— LHCb MC —#— LHCb Data —— LHCb MC
—s— Perugia 0 *— Perugia NOCR —s— Perugia 0 *— Perugia NOCR —e— Perugia 0 — Perugia NOCR —— Perugia 0 *— Perugia NOCR
o [LHCb ' p <08 GeVic - '4FLHCb ' p <08GeVic| | C LHCb ' p, <08 GeVic . 4FLHCb ' p, <08 GeVic
= F (a) s=09 TeV . =4 - (b) (s=7TeV ] E - (a) (s=0.9 TeV 1 E C (b) {s=7TeV ]
r ' 12 - | r ' L ) E
1+ o — - 1 ¥ ] i - A §
© —— ] N N ] - -
r j & —;— i I i I ] C E ] L - + ]
0.5 :— 3 08 - [ T E 05k . 08F .
: - % : 061 -
L . i 06— , , - L i - ,
i O.BspT<1.2GeWc Lar D.SspT-:l.zGeWc L DBsp <12 GeV/ic Lar= D.SspT-u:l.ZGeWc
L [ ] ] - ) C ] - 3
L ] 12 - . b 12 : :
L T - E L = i - J
L . _c_,_)__x_ | 1 C j__—‘f=_ i Z . %—'ﬁ? :
05 —— - sk : E 05— . 08 -]
: i 7 0.6 -_ I i . : L I . 0o __ 1 I E
p,=12GeVic L4 p,=12GeVic L p,=12GeVic L4 p,=12GeVic
- E L ] SE A
i - 2 ] I i . a ]
EE_,‘_ ] 1 :— —: C - —B— g ] ! 3 _'_—E——I— ] R
osfF ] 05 R E osf ¥ . OSE E
L —a 1 E 06 =
! . . ] 06 . . = ! . . ] . . . ]
2 3 4 5 2 3 4 5 2 3 4 5 2 3 4 5
n mn n mn

— largest uncertainty at low pt and n

— data Is compared to predictions given by various PYTHIA6-based models

Eur. Phys. J. C 72 (2012) 2168
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Hadron Production Ratios (3) NS

-+
‘n/n‘

[ (p+p)/(x +7) |

—= LHCb Data —— LHCb MC —=— LHCbh Data —— LHCb MC —=— |LHCb Data —— LHCb MC —=— LHCb Data —— LHCb MC
—— Perugia 0 - Perugia NOCR —o— Perugia 0 ~— Perugia NOCR —e— Perugia 0 — Perugia NOCR —— Perugia 0 *— Perugia NOCR
1 E-LHCb ' p <08GeVic] | - LHCb ' p <08GeVlc| .~ FLHCb p,<08GeVic, _ [ LHCb p, <0.8 GeVic
E (a) Vs=0.9 TeV 1 B [Mm=7Tev B 04f (a) s=09TeV = B O (b) fs=7TeV 7]
- 3 B - . 1 + F - g -
: F e 1 = =~ __—E—=,,= ] § 03 — § -
: —w i 1 =2 °F 2 02~ .
09 = * ol el B
E ] : & oaf - & [ ]
08f - 095 = E I ] o1l . ]
o . i 0.1 . - “L _“_$— s i
07 = B F _F_i_E‘E ] 3 . -
LE 08sp <12GeVic| - 08sp <12GeVic E ' 08sp <12 GeVic| i ' 08sp <12GeVic]
E 3 i ] 04F = 03 7]
1= - [ ] F ] C
e — =L B i :§::§:—¥— ¢ ] op E 0af- %
09 —— — i L 1 . i 3 L e &
: ] - 2 ———8— E - s e S
3 1 . o ol _
: ] i 0.1f = T
07 - - F ] i ]
L1 p, 2 1.2GevVrc] p,212GeVic : p,z12GeVic 0 P,z 12 GeVic]
u . L 4 04 - = ]
1 — ; — E E i } ] . 3_ i } 3 _i;iri—_i_
D = i E i : 4 I ] g LI B e S ;
: . i ] [ . ] 02F T 3 - T — ]
U.S'E— — — —: 095 NN S —_ . E_ [ — ¢ N —_— _; 0‘1:_ _:
07E 3 1 : F ]
2 3 2 s 2 3 7 5 2 3 2 5 2 3 2 5
n n n mn
— discrepancy between data and MC is observed in the majority of bins
Eur. Phys. J. C 72 (2012) 2168
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Hadron Production Ratios (4)
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[ (p+p)I(K +K) ]

—= LHCb Data —— LHCb MC —=— LHCbh Data —— LHCb MC —=— |LHCb Data —— LHCb MC —=— LHCb Data —— LHCb MC
—— Perugia 0 - Perugia NOCR —o— Perugia 0 ~— Perugia NOCR —e— Perugia 0 — Perugia NOCR —— Perugia 0 *— Perugia NOCR
. ufLHCb p <08GeVic] . FLHCb p <08GeVlc| .~ FLHCb p,<08GeVic] _ [ LHCb p, <08 GeVic
B F@s=09Tev 3 B [ s=7TeV B 04f (a) (5=09TeV - B 03F (b) fs=7TeV -]
e & 0 E B f , { + = 1+ -
- F St ] S uf i £
= 4 _ 1 = F ] " 02f .
n9F . C ] + F . +
: ] i & o2 - N ]
08 = 005 — E e o1l . A
F - B 0.1 — —— =] I _G_$ g — ]
07f- 3 g e s - :
LE 08sp <12GeVic| - 08sp <12GeVic E 08sp <12 GeVic| i ' 08sp <12GeVic]
E 3 i ] 04F = 03 7]
IE i 5 - C ] F ] C
c :n—_i_ 3 I :L——i—_ _J_+ | 03 3 oaf %
09f —— - ' - 1 E & 1 L &
L | N C ] -
: = i 02 B E R
08 - 095 — . —— ] o E
E 3 i 0.1 = t
07f- 3 [ g 5 i _
L1 p, 2 1.2GevVrc] p,212GeVic p,z12GeVic 0 P,z 12 GeVic]
u . L 4 04 - = ]
]— _§ _ 1 _i?_ } . 0 3— h } - - _: ]
o a1 T ==t 1 S B B S e—
r z . i e ] = I i i ——
08F fif 3 095 —— - F N — . : ok E
07f : : ; ]
2 3 2 s 2 3 7 5 2 3 2 5 2 3 1 5
n n n n

— none of the models are able to describe the measurements for all phase space bins: valuable input for MC tuning

Eur. Phys. J. C 72 (2012) 2168
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Strangeness Production (1) D N
e \° production ratios at 0.9 TeV and 7 TeV: JHEP 08 (2011) 034
A_Oolp—oAX) A _olpp—AX)
Ky o(pp—KsX) N olpp—>AX)

as a function of rapidity and transverse momentum:
— Baryon Number Transport and Baryon/Meson suppression: sensitive test of hadronisation models

— K g -1 1 ,A— pr,A— pn :decays for reconstruction
— reduced systematic uncertainties due to the ratios

e Ratios are also measured as a function of rapidity loss:
— good agreement between 0.9 and 7 TeV data and the STAR measurement

S - LHCb c-tm - LHCb
= o + —— < 03
i i —o— :
0.5——‘$_ I
- —4— LHCDb 0.9 TeV, 025<p < 2.50 GeV/c —4— LHCb 0.9 TeV, 025-r.:p < 2.50 GeV/c
—— LHCb 7TeV, 015-::p "< 2.50 GeV/c 0.2— —&— LHCb 7TeV, 015<p "< 2.50 GeV/c
- STAH02TEV p >0.30' GeWc  —#— STAR 0.2 TeV, p :-DSDGEWG
] 1 ) ] 1 1 : 1 1 L L L 1 L | 1 L L 1
3 4 5 6 7 3 4 5 6 7
Rapidity loss Rapidity loss
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— Baryon Number Transport is underestimated by PYTHIA6-based models (except for NOCR model),
while Baryon/Meson suppression is overestimated: valuable input for MC tuning

— Similar behavior at 0.9 TeV JHEP 08 (2011) 034
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Strangeness Production (3)

e Inclusive ¢ differential production cross-section:
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e L HCb instrumentation permits high-precision studies of particle production
In a unique, previously unexplored kinematic range:

— Smooth running of the detector over 2009-2013
— 3 fb™ of high quality data is accumulated

— possibility to perform analyses using pp collisions at vs=0.9,2.76,7.0,8.0 TeV
and in pPb and Pbp interactions at +/s\=5.02TeV

e Different inclusive particle production measurements are performed for pp
collisions at \s=0.9,7.0 TeV

e Great input to theory is delivered by the forward energy flow, charged patrticle
multiplicity, hadron and strangeness production measurements

e Analyses at other collision energies are currently ongoing

Stay tuned for further results !
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