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& oL HC dellvers unprecedented amount of heavy flavor partlcles b

ol

e Great opportunity to perform high-precision measurements

and study rare processes in the heavy flavor sector T

s = 14 TeV

} o LHCb is mainly devoted to study the physics of the heaviest
®&® hadrons — beauty flavored ones

d o CP violation in the B hadron sector: powerful test of
the Standard Model (SM), which accommodates this
phenomena but doesn't explain it

8 o New Physics may enter via contributions from virtual — B hadrons at the LHC are mainly produced
g8 heavy particles in loop-mediated processes giving access at low polar angles in the same forward cone
to scales greater than the LHC centre-of-mass energy — Typical topology: +
signal B decay

L o L HCb's major assignments:
— measure processes strongly suppressed in SM and
4 search for deviations from SM predictions — hints of
the New Physics
— study physics of FCNC viae.g. h — § y transition

— Improve measurements on CKM elements and
overconstrain the unitarity triangles
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e Forward spectrometer with planar detectors: optimized for the forward peaked heavy quark production
— covers ~4% of the solid angle, but captures ~40% of the heavy quark production cross-section
— combination of tracking and PID detectors covering full acceptance

e Detector acceptance: 2<n<5 fully covered by the tracking system — unique @ LHC
— ability to study low-p_region (<0.5 GeV/c) at large n(>4) — unique @ LHC

— 10m high, 13m wide, 21m long, ~5600 tons , ~1M r/o channels

° Des:gned to run at a moderate Ium/nOS/ty large pile- up compl/cates B decay vertexmg and flavor tagglng |
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2 CIQ LHCDb project history N
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Tracking system: VELO R mmmmo

e reconstruction of the primary and decay vertices,
track seeds + info for the trigger

e surrounds collision point being outside magnetic
field, just 8 mm away from the beam line

e 21 Si-strip stations measuring r and ¢ hit positions
+ 2 r-only stations

e largest angular coverage among LHCb subsystems
e detection coverage: 1.5<n<5.0, -4<n<-1.5
e excellent performance during data taking

R sensors
$ sensors

Cross Section at y—o
I I I ' H . GQl ad

IR 1 r

VETO " interaction region

: | view of =
- c=53cm
Stations | most upstream

| VELO station

{11!
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VELO performance KB oo
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e Impact parameter resolut/on

& o Primary Vertex resolution:

[ Z resolution - 2011 data and MC10, many PVs | 100 _ _ | I
- Vs=7 TeV |
0_3 gu __ L LA
T C x| ndf 38.67 /33 -
€ - Prob 0.2288 80—
~ 0.25— Z-Const  0.9813 1 0.03272 -
S Power 0.8406 + 0.02392 70~
'-g - Epsilon  0.01356 + 0.002947 -
S 02— 2 1 ndf 25.76 / 33 60—
i C Prob 0.8112 -
14 C Z - Const 0.8842 + 0.0252 E_ 50—
0.15 Power 0.9063 + 0.0197 =
- Epsilon  0.01795 + 0.001744 40—
C LHCb VELO Preliminary D>f -
01— Data 2011 - MC10 comp — 30—
- 20F-
0.05 +oE
- - LHC Prellmlnary _ _
0 _I 1 1 | 11 1 1 | 11 1 1 | 1 11 1 | 11 1 1 | 11 1 1 | 11 11 | 11 1 1 | 11 1 00 : : I L 1| I I L L 2 L L . I 3' I I I L 4' L I L . é . L . L

5 10 15 20 25 30 35 40

6
nTracks pT [GEVIC]

e single-hit resolution up to 4um
e hit finding efficiency: >99.8%
e great impact parameter resolution

e excellent primary and secondary vertex
reconstruction:

— proper time resolution for B hadrons < 50 fs
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LHCR  Tracking system: TT and Magnet === i
TR o> .

e
/MIIIIE L 1

1T station: £8wm? of Si-sénSOrs

e TT station: e Magnet :

— 4 layers of Si-Strip detectors in front of the magnet — essential component for track momentum measurements

— adds momentum information and helps to reconstruct — its aperture defines the detector acceptance
the decay products of long-lived particles ,
yp 9 P — bending power:f Bdl~4T Xm
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e T1— T3 stations:
— each consists of 4 layers split into the Inner and Outer Trackers (IT/OT)

— deflection of the tracks at T1-T3 stations Is used to measure their momenta

— good spatial hit resolution achleved _ o . B | § |
=WiP <1 XN B & - vy . IRe AT | BENE @ T

"
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e [ ong tracks: high-momentum tracks

the full LHCDb tracking setup

— most useful for physics ané
— most numerous in the I

—s reconstruction: combine

VELO and T statio

Long Tracks
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Phys. Lett. B 708 (2012) 241-248

CERN-LHCb-PUB-2011-025

Quantity LHCb Best previous PDG fit :E:_ Combined efficiency ~De 2010
measurement measurement iy MC
M(BT) 5279.38 £0.35 | 5279.10 = 0.55 5279.17 £ 0.29 i |
M (B°) 5279.58 +0.32 | 5279.63 = 0.62 5279.50 £ 0.30 06t + R ‘
M (B?) 5366.90 + 0.36 | 5366.01 = 0.80 5366.3 + 0.6 F
M(AY) 5619.19 +0.76 | 5619.7 +1.7 -
M(B®) — M(B*) 0.20 = 0.20 0.33 £0.06 0.33 £ 0.06 ossf-
M(B%) — M(B*) 87.52 4 0.32 = = B T
M(A)) — M(B*) | 339.814+0.72 = = P (GeVie)
| LHCb Preliminary Ns =7 TeV

world's best measurements (done with just 2010 data!) Iy

y(2S)
e Excellent momentum resolution:

— op/p ~ 0.4-0.6% depending on p
— great invariant mass resolution
— rigorous rejection of combinatorial background

Y (1S, 2S, 3S)

e Great track finding efficiency

cand. (not corrected for efficiency)
o

e Rigorous suppression of multiply reconstructed 1
(clones) and spurious long tracks (ghosts)

10.08.2012, Berlin (ISVHECRI2012) LHCb status and results by D.Volyanskyy
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B e RICH system: '
— efficient hadron ID over the wide — e and y energy measurement
momentum range — unique @ LHC — widely used in the offline analysis
e Scintillator Pad Detector (SPD) and (€9.B°>K"y,B/—>¢y,B >n'n 1" )
& Preshower (PS): — trigger on electromagnetic decay channels
— robust e/y and e/hadron separation o HCAL
N o \uon stations: — energy measurement for hadrons

g — u identification & trigger on muonic channels ~ — trigger on hadronic decay channels

RICH1/2 SPD Pb PS ECAL HCAL MUON
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e Two RICH detectors with 3 radiators :

- l4———T——T T o 1.4—————r————————————r—
.. . e LHCb K'— K': (95.46 + 0.25)% 2 | LHCb K*- K*: (97.08 + 0.06)%
— efficient K [ 1t separation for 3 F P"f:':n:f"::'y 7'~ K': (7.06 + 0.06)% i M??ErevCaﬂO 7' K': (6.89 + 0.01)%
p=1-100 GeV/c range A SIS by - -
— crucial for flavor tagging and separation D8
of B decays Wlth /dentlcal topology =3
B> K n* B—>T[ T B—>K K b 3
— efficiencies and mis-ID /n data. 0-23;%_ et
tag_and_probe methOd P - et = AN - e - - .100 ol 2-0-T-. : 410 ol sle Al .slo S
— performance is close to MC over the Momentun(Gelio) o eVl
full momentum range
o XI'OJ'"|""|""|""|" i F+ 11 11T
% 100~ LHCD preliminary  signl vield: s9201 1907 7| "% 5000~ LHCb preliminary  signal Yield: 213182 379
3  \s=7TeV [L=56nb" Tag:PIDon 1 3 - \s=7TeV [L=56nb" Probe: PID on
S 80 one kaon S S 4000f both kaons -
2 eof 4 2 3000F .
i ] - K K ]
40 . 2000 .
201 - 10000 .
'U_ e ] {):I T R T ;
1000 1010 1020 1030 1040 1000 1010 1020 1030 1040
m(K*K") (MeV/c?) m(K'K") (MeV/c’ )
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Data taklng N 2009-2011 @B €© M HEIDELBERG

s
Liel - &Sl U = Il

ty at 3.5 TeV in 2011

5 E — year luminosity  energy (TeV)
ST EES F— ST T— S ®  Delivered Lumi: 1.2195 ffb 2009 6.8 ub™ 0.9
B = : : : : i . Recorded Lumi: 1.1067 /b
S N N NN N D N R ——-—— 2010  0.3nb™ 0.9
== | 2010 37 pb™ 7
g 101 §_ ----------------------- | IntegratedLH(:ZbEfﬁciencybreakc:!owninZOﬂ | -------------- 2011 O-l pb_l 2-76
O S R 6 S B L 2076 (T~ 2011 1.0 fb™ 7
= : ] VELO Safety: 0.9 (%) i
o i — |
_.IGS é_ ............................................................. . > 90 0/0 data taking efficiency
E I e ~99% r/o channels operational
PSR A S S S — T -
S e ~99% of accumulated data is
27103 26/04 26/05 25/06 25/07 24/08 23/09 23?’1[]Date Useful for physiCS analySIS

Running challenges:

e Luminosities up to 3.9x 10* cm? s™ were achieved in 2011
e L HCb design luminosity: 2.0 x 10 cm? s™

e Strong challenge for the trigger, offline reconstruction and data processing
e LHCb successfully copes with these extreme running conditions
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LHCb Integrated Lumlnosny at4 TeV in 2012

Current runnlng Condltlons.. ;E14QGZ_ ............. .................... .................... .................... .................... . | De“ve';d I-'-"'“i:; 1020'-54 ipb
.. .%: - L Recorded Lumi: 964.77 /pb
e pp collisions at8 TeV £ 1200 — — —_— e —
— 15% increase of the bb cross-section émnn_ ' | | | | | | ' |
w.r.t. 7 TeV gm
e luminosities up to 4 x 10 cm? s = 0
600
e /[uminosity leveling (see next slide)
400
e >2 fb™ is expected to be collected by 200
the end of 2012

12104 26104 10/05 24105 a7i06 21106 05/07 19/07 02108
Date

Integrated LHCb Efficiency breakdown in 2012

[ ] FULLY ON: 94.5 (%)
[ ] HV:0.2(%)

[ ] VELO Safety: 0.8 (%)
B DAQ: 2.3 (%)
I DeadTime: 2.1 (%)
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= o As more proton bunchesare lnjected no Way to moderate the instantaneous Ium/nOSIty at LHCb and ALICE
by limiting the number of colliding bunches

e Solution: luminosity leveling — reduces the area of interactions where the bunches pass through each other

ATLAS/CMS: higher luminosity ALICE/LHCBb: lower luminosity
Beam1 Beam?2 Beam1

=

P o Offset between the beams reduces the amount of interactions

e | HC continuously displaces both beams w.r.t. each other: instantaneous luminosity at a roughly constant
value for the whole duration of a fill
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Typical event N
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LHCb Event Display
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M .

— 2 PV reconstructed

14.5. 2010 23:05:53
Run 71816 Event 150748210 bld 2674
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=> Rare B decays: => Charm physics:

e Radiative, leptonic, electroweak, e production and spectroscopy
hadronic decays e CP violation and mixing

e SM forbidden transitions ® Rare charm decays

=> B decays to charmonium: => B hadrons and quarkonia:
e B mixing parameters e Production and spectroscopy of

e CP violation measurements B hadrons and quarkonia

=> B decays to open charm: => QCD, electroweak and exotica:

e Soft and hard QCD processes

e CKM y angle from B — DK e Particle production (incl. Electroweak bosons)
e B decays to double charm e PDF

e exotic long-lived particles
=> Charmless B decays:

In this talk, recent results on:
e B—>hh,B—VV

e Rare decays: Bg,d—wf w,B'-Ku'u
e Bs mixing

=> Semileptonic B decays: e CP violation measurements
e Form factors and search for CP e Energy Flow and Particle Multiplicities

violation in mixing I3 (RIS

10.08.2012, Berlin (ISVHECRI2012) LHCDb status and results by D.Volyanskyy
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,H
SM :BR(B!—u"u")=(3.20+0.20)x10""

SM :BR(B),—u"u )=(0.10+0.01)x10"

J. High Energy Phys. 10 (2010) 009
Acta Phys. Pol. B 41, 2487 (2010)

— can be significantly enhanced by New Physics
(SUSY models with non-universal Higgs
masses and models with leptoquarks)

— sensitive test of SM
— previous upper limits @95% CL.:
BR(B’—u"u )<1.4x10°°
BR(B)—u"u)<3.2x10"°
Phys. Lett. B 708, 55 (2012)
e Recent searches with 1fb™ @ 7 TeV
— control channels B—h+h-

e Selection with MVVA Boosted Decision Tree
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LHCh-PAPER-2012-007
CERN-PH-EP-2012-072
April 27, 2012

Strong constraints on the rare decays B — pTp~ and B — pp~

The LHCh collaboration
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| LHCb 3 of Observed CLs LHCb
Expected CLs R
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C \\ : N §
0.4_— N ] 0.4: —:
5 uzz— \\\ E 0.2} ]
e B T e AT e S ¥ 00z T0a 06 08 1 12 14 16 18
B(B? — u* ) [107] ¢ B(B® — u* ) [10°]
BR<4.5x10"°@95% CL — getting closer to the SM value BR<1.0x10""@95%CL

Status as of June 2012 at 95% CL:

experiment Lint BR(B'—u"u”) BR(B,—u"u~) reference
ATLAS  24fb™* <2.2x10°° noresult  arXiv:1204.0735v3

CMS 5fb? <7.7x107° <1.8x10°  arXiv:1203.3976v1
p LHCDb 1fb? <45X107° <1.0x107°  arXiv:1203.4493v2

 pie

e L HCb with much less data gets better results and sets world's best upper limits !
o e Results impose strong constraints on SUSY models

| o By the end of 2012 LHCb should observe the SM s:gnal at ~3 s:gma (if it does exist...) |
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AN« e

e b — s FCNC decay mediated by N CERN-LHCb-CONF-2012-008
electroweak loop-diagrams ci‘q‘ T
: 3
— high sensitivity to New Physics: new particles = 20 LHCb
may enter in loop diagrams causing large E Preliminary
deviations from the SM > 150
]
e Some observables of interest: =

— Ars: lepton forward-backward asymmetry 50
of a muon in the rest frame of B

— Fv : fraction of the longitudinal polarization of 05200 5400 5600 5800
the K* meson My (MEV / €9)

— Differential BF
—s all the variables are studied vs ¢°=M?(uu)

I
[ ]
o

o
o
=

e Analysis performed with 1fb™ @ 7 TeV

m,, (MeV /c?)

e Selection with MVA Boosted Decision Tree = =

e Rejection of J/y and y(2S) resonances

5600 5800
My (MEV / )

0 " " 1 " " M 1 M
5000 5200 5400
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e better precision
with more data +
additional
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Prompt reaction o Omm hore,

° Immedlate feedback from theoret:c:ans on latest LHCb results for these rare decays:

CMSSM
CERN-PH-TH/2012-120 = 60

Supersymmetric constraints from B, — p*p~ and 40
B — K*u "~ observables

20
F. Mahmoudi'*[*| 8. Neshatpour*[]|and 1. Orlof*ff '

! CERN Theory Division, Physics Department o 500 1000 1500 2000
CH-1211 Geneva 23, Swiizerland M. (GeV)
1

? Clermont Université, Université Blaise Pascal, CNRS/IN2P3, NUHM
LPC, BP 10448, 63000 Clermont-Ferrand, France a, 0 e

40 |-+ .
Abstract 135 ]
We study the implications of the recent LHCb limit and results on B, — pTpu~ - i N
and B — K'p"p~ observables in the constrained SUSY scenarios. After discussing g ¥ : -
the Standard Model predictions and carefully estimating the theoretical errors, we show
the constraining power of these observables in CMSSM and NUHM. The latest limit on
BR(B, — p~u~), being very close to the SM prediction, constrains strongly the large
tan J regime and we show that the various angular observables from B — K*p~p~ decay
can provide complementary information in particular for moderate tan 3 values.

500 1000 1500 2000
M. (GeV)

arXiv:1205.1845v1 [hep-ph] 8 May 2012

-

e SUSY with large tanp is practically excluded
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o One of the most /nterest/ng properties of neutral B mesons:

— discovered in the B sector by ARGUS in 1987
— B oscillations were firstly studied at Tevatron, B sector is much better explored

— KE t V}ff _ _ Vb W V}q o
b q b q
0 R0 0 p ; qg€ld, s]
By W W B, B Bg
q —b b q - b
Vig 1V Vig WV

e Some observables of interest:
— AT, decay width differences between the heavy and Iighth eigenstates

— (¢, weak mixing phase of the B?—ES oscillations, directly related to the CKM angle x, tiny in SM

(high sensitivity to New Physics) extraction via measurements of time-dependent CP-asymmetry in
b— c¢s transition

0
> ) )
b s \ / f Interference gives rise to O,
~0

=> Latest LHCDb results on Bs mixing:
o arXiv:1204.5675v3 [hep-ex] 23 May 2012: ¢_from B — J [y n " with 1fb™
e LHCb-CONF-2012-002 5 March 2012: ¢, T, AT fromB’—J/ w ¢ with 1fb™! |
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Naeflie:! W e n

SN L AT . <
KJ B —>J / wq> tagged tlme dependent angular analysis

- ——————T———— ] ¢s = —0.001 £ 0.101 (stat) £ 0.027 (syst) rad,
%2500_‘ - %  LHCb Preliminary
od E —— 8ig. component E FS = 06580 :I: 00054 (Sta't') :I: 00066 (SySt) p5_1,
%Eﬂﬂu:— — bkg. component _: AFS = 0116 :I: 0018 (Stat) :I: 0006 (SySt) ps_l
7] E -
@500 5~ 6 MeV i e B,—JIyn'n analysis: ¢s = —0.01975175" (005 rad

1000 - » »
C 1 LHCb 04fb + CDF 52fb~ +D@ 8fb

o 025/ LI AR L T L
| : : o HFAG
- S E
5300 5350 5400 5450 @ n ‘ i
B, mass [MeV] —~ B O ]
ﬂ 015 : —]
: -
e the world’s most precise measurement of ¢ 010 F 3
e first observation for a non-zero value for A T, N ]
e good agreement with SM... 0.05 |~ | 68% CL contours ]
I (Alog £ =1.15) J
_I 1 L 1 1 l L L L L I L L L L I L 1 L L I L L L 1 I L L L L I—
1

s} -1.0 -0.5 0.0 0.5 1.0 1.5
¢ccs [rad]

10.08.2012, Berlin (ISVHECRI2012) LHCDb status and results by D.Volyanskyy 28/39



Selected CP violation results

e CP violation in charm sector is tiny in SM

— first evidence of CP violation in charm
A A.p=(—0.82+0.21(stat)*=0.11(syst)) %

e CP asymmetry was observed and measured
in many different B decay channels e.q.:

A% — 0,11 4 0.21 £ 0.03

A — (.56 4 0.17 £ 0.03
consistency with BaBar and Belle

A =0.02 £0.18 £ 0.04

WX — (.17 4+ 0.18 + 0.05
measured for the first time
LHCb-CONF-2012-007

A% cos(Amt) + AP sin( Amt)
cosh (%t) — A?Fsinh (%t]

0 + -
B,—»m w

B!-K'K

Acp(t) =

By~ K'Yy 4,.,=0.008%0.017(stat)+0.009 syst)
LHCb-CONF-2012-004
good agreement with SM
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PHYSICAL REVIEW LETTERS
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PRL 108, 111602 (2012)
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Evidence for CP Violation in Time-Integrated D — h~h~ Decay Rates

R. Aaij et al.¥
(LHCb Collaboration)
(Received 6 December 2011; published 12 March 2012; publisher error corrected 12 March 2012)

A search for time-integrated CP violation in D" — h~h™ (h = K, m) decays is presented using
0.62 fb~! of data collected by LHCb in 2011. The flavor of the charm meson is determined by the charge
of the slow pion in the D** — D7 and D*~ — D7~ decay chains. The difference in CP asymmetry
between D" — K-K* and D" — 7 w", AApqp = Acp(K"K™) = App(m~ o), is measured to be
[—0.82 = 0.21(stat) = 0.11(syst)]%. This differs from the hypothesis of CP conservation by 3.5 standard
deviations.

DOI: 10.1103/PhysRevLett. 108.111602

(B[B|C]

PACS numbers: 13.25Ft, 11.30.Er, 13.85.Ni
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15 November 2011 Last updated at 1218 GMT

LHC reveals hints of 'new physics' in
particle decays

By Jason Palmer
Sciance and technolegy reporier, BBC Mews

Large Hadron Collider researchars have shown off what may ba the
facility's first "new physics™ outside our current understanding of the
Universe.

Related Storles

Antimatter mystery
Particles called D-mesons seem to decay slightly diferently from their gains ground
antipartickes, LHCE physicist Matthew Charles told the HCP 2011

3 Science ups the ‘antl’
meating on Monday.

on matter
New clue to anti-matter

The result may help explain why we see so much more matter than
mystery

antimatter.
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o Measurement of the charged particle multiplicities :
— sensitivity to the underlying QCD dynamics

— charged particles counted using reconstructed tracks

in the LHCb VELO:
— high detection efficiency for 2.0<n<4.5 and —2.5<n<-2.0
— tracks are straight lines in the VELO as no magnetic
field there — no momentum measurements

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

g ® Charged patrticle density per event vs n for the data and models: Eur. Phys. J. C 72 (2012) 1947
— normalized to events with at least 1 charged particle in the forward acceptance

Q. T T T Q 1T r 1+ + 1 1+ + [ &1 " o=

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

.

3k —— Pythia6 (default) — 3F —— Pythia6 (Perugia0)
5 - Pythia6 (LHCb) % oF ' :“t"'f’ﬁ (NOCR) £
. - o diffraction
£ | Elinjet 3 4 E e - Pythia6 (Perugia0) 3
----- Pythia8 (default) : : Pythia6 (NOCR)
G PR I T T S N L i | i PEREEE T I TR SRR T R T 0" a1 e 1 . N 1 N PR TR R TR TR T R S :
-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 descr/t/on of the measurements - ‘ N |
S~ TN A S ST AT | BEEE | T
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o mult:pl:c:ty dlstrlbutlons for mclus:ve MB and hard events vs generator level predictions:

ol T T pvrhiaG defaury ;104 - ' ; o T T | — pymhias perugian) 10° E T T T evmhiae (defauny ;104 T T T T T — eymuas perugian)
------ PYTHIAS (LHCh) PR L [ < PYTHIAG (LHCh) [ ----- PYTHIAG (NOCR)
' No diffraction
PHOJET e PYHIAS Porugiat) PHOJET
- - - PYTHIAS (default) - PYTHIAG (NOCR) <+ PYTHIAS {default)

102 4 107} 1 107 1 10°F|
10°F 1 10°F 1 10°F { 10°F

2.0<n<4.5 s | 2.0<n<4.5 o X 2.0<n<4.5 [ 2.0<n<4.5

[ Inclusive MB events\' - |1 | Inclusive MB events \. | | Hard events | Hard events

(a) LHCb \s=7 TeV ‘ (b) LHCb \s=7 TeV (a) LHCb \s=7 TeV (b) LHCb \s=7 TeV

1 0_4 1 1 1 I 1 I 1 I 1 L A 1 04 1 1 1 I 1 L 1 I 1 L 1 1 04 1 L 1 I 1 L 1 I 1 L 1 104 1 1 1 I 1 1 1 I 1 1
= 0 20 40 60 0 20 40 60 0 20 40 60 0 20 40
nch nch nch

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

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 tunm and UE models + owerful test for the cosmlc ra interaction models
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& o Energy Flow (EF) :

N:mrt,n

1 dE,,; 1 1

— E;
Nint dn ATI Nint ; 7

Forward Energy Flow: outline
AN <
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CERN-LHCb-CONF-2012-012

average energy created in a particular n interval o
per inelastic pp interaction and normalized to the n bin size

e EF directly sensitive to the amount of parton
radiation and multi-parton interactions (MPI) at
large pseudorapidity

— MPI features are still not well known:
strongly needed for a precise description of the UE

— possibility to discriminate between MPI models
and determine important parameters

— great input for MC tuning

e /t has never been measured at a hadron
collider in the pre-LHC era

— CMS has recently made first measurements
at 7 TeV for 3.15<|n|<4.9

e EF is measured in 1.9<n<4.9 with low pile-up pp
MB data at 7 TeV for the following event classes:

— Inclusive MB: at least 1 long track in
1.9<n<4.9 with p > 2 GeV/c

— hard scattering: at least 1 long track in
1.9<n<4.9 with pt> 3 GeV/c

— diffractive enriched: inclusive MB with no
backward tracks in —3.5<n<-1.5

— non-diffractive enriched: inclusive MB with
at least 1 backward track in —3.5<n<-1.5

e Data corrected for detector effects & compared
to the generator level predictions (PY THIA-
based and cosmic-ray models)

e Systematic effects: tracking related factors,
model dependency, pile-up contamination

10.08.2012, Berlin (ISVHECRI2012)
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Forward Energy Flow a

e EF measurements supposed to
Improve the existing constraints on
ultra-high energy cosmic-ray models:

by Ralf Ulrich

Propagation

— LHC provides first possibility to
compare cosmic-ray showering models
at Elab of up to ~10"" eV

Supermassive. Black Hole

e First analysis where LHCb data are
compared with the cosmic ray interaction models:

many thanks to Colin Baus and Ralf Ulrich from KIT

Extensive Air Shower A\

Observational window for
astrophysics at most extreme energies, but

Atmosphere (=27X,, =11\.)
» No direct detection of cosmic rays

Extensive Air Showers (EAS)

>
» Need to understand ground based EAS observables
>

Very good EAS models required! => Interactions up to /s ~500 TeV

S ISR ATS | BEEE T
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Charged EF vs PYTHIA tunes == i

AT 0 IR gl N - ||

, : 310 e Loertmerors | (LoEEmmE] ] B [ e Comessomerorn | (s ]
e Charged EF increases with the momentum S | T Prrmetionmonc T e 1
transfer in an underlying pp process: i T PYTHIAG Perugia 0 i1 8 F FiG enga 0 -
T 100F- FYTHIAE Perugia NOGR — T o0l PYTHIAS Perugia NOCR 1 Resasesd]
EFhard > EFnon-ditir > EFinci > EFdir 2™ 0[] E LI -
= BG:— % foe — ]{;IED— ri"l.r_ ...... =
Eﬁ 60— _— et ] gmﬂ j_J‘i_'r
o r . — | sidsigactin ]
. 40_— |—.—"i o B ] ]
® PYTHIA-based models underestimate EF F af oppeiminay | o ! L HGh preiminary
at large n in case of all event classes ™™ s=7 TE‘-;' E "l'"* |H TE*": ]
a_ | NN AN AT S T AT A AN A AT A 1] ﬂ- AN A AN B [ 1o
ey - = E 4= =
ER | &
(-:'l 7.2__ __ B T..E‘__ -
e Perugia NOCR gives the best description of = F===ssmm— o 3 = Frmmiiterm ey o
the InCIUSIve Charged EF among the tuneS B.E__‘l-’ 11 11 I L1 1 | I | I 11 1 | I | I 11 I_ |I:‘I‘E—I L1 1 | I | I 11 1 | I | I 11 8 | I 111
| m
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description of the hard scattering charged  § | —— rrmasonzoone 11 8" o pymimspougio $
- P PYTHIAS diffractive B L= PYTHIAS Perugia NOGR urssss
EF at large n z | 1 1 2% i o
8 F ]L 1 3% LN
E’n 3{.\:_ o E’ sob i_I['.......: E
. ] . : 6 | 1 6 | o 7 :
e PYTHIAS describes the diffractive enriched ~ *F “"i25wi™ =} _% - S = e rminary
charged EF much better than PYTHIA6 o ;. _J_*:—J 1w, er s=7TeV
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e EPOS 1.99, SYBILL 2.1, QGSJETO01, Z:mf_ —* Coected Data 2010 | 8, f = Comespsszo Gadacateingessts]:

QGSJETII cosmic-ray interaction models gma; o QGSUETOT iﬂf— e GGSIETOT . f_—

) Erza:— SYBILLZ1 - i.r; E s sewar |_{v_ E

— SOft processes via Pomeron exchanges Sl I cgd E

. ' . o Vol 1 sl .

(Gribov's Reggeon Field Theory) £ e el Bk 2 :

— hard processes: pQCD or exchanges of ° j: e i 1 Froof o B

o semi-hard Pomerons E‘Gi:i_,_;_r*—'_._f* LHCE?[II_EHW _; 50::'“#,,__,]"1-# LHGbS_r_;eI_:_;;::'Iary E
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e | HCDb detector achievements:
— excellent vertex resolutions, great tracking performance, robust particle 1D

— great conditions to deliver high-quality physics results

e 63 papers are already submitted to journals, a lot more in the pipeline

\ [N

e world's best measurements of many important physics parameters:
— S0 far no evidence of New Physics beyond the Standard Model is observed

e SIBYLL 2.1 and EPOS 1.99 cosmic-ray generators give good description of
the inclusive and non-diffractive enriched energy flow:

— further studies of LHCb data vs cosmic ray models are on the way — stay tuned

e L HChb is much more than just a beauty experiment :-)

==
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