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The LHCb detector
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LHC 7 TeV Kinematics
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LHC 7 TeV Kinematics

q0aue

ATLAS/CMS
LHCb
CDF/DO
HERA

Fixed Target

LI L L L L DL L L D O I R I R N NN O BN N NN N A

L

T T T

T T T T i

,5‘[ ==~~~ W,Z bosons

x~0.5
x~103

R. McNulty, Results from LHCb and their relation with HERA

5



LHC 7 TeV Kinematics
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LHCb-CONF-2013-007
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Z->uu Z->ee rapidity and PDF dependence
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Z+jets, Z+b, (Future: Z+c, W+b, W+c)

o, LR LR B BN B O|N>\ 'I""I""I""I""__
'°| < ME 1hew Data (stat.) 7 =S ME Lhee Data (stat.) ]
—|0 12 s 10 GeV Data (tot.) 1 — 12 5 20 GeV Data (tot.) ] Z+. t
: ’;T >71T 3°D POWHEG + PYTHIA: 1 ' I:FT >7 . VCD POWHEG 4 PYTHIA: ] £T|els
= ta - = * o
1.0 § ey A MSTWOS, g(as) - 1.0 y e bata A MSTWO8, O(or) = JHEP 0 1( 2 014) 033
MSTWO08, O(c2 . -
AXvo f CTEQI0, O(((x(;)) . Ao *  MSTWO8, O(o:%) ]
0.8 © NNPDF23, 0(2) . 0.8 v CTEQIO. O(@)
: - © NNPDF2.3, O(0?) ]
0.6 ¥vo — 0.6 Ak ¥ 2
0.4 *v©O _ 0.4EF * v o _
0.2 . 0.2 E
A XVO - ) -
0.0 AXY 0- Teie ]
: A a a 2 | 2 2 2 2 I A A 2 2 I 2 a 2 2 I L 2 2 A 0'0 L L L L I 1 1 L L I L L L L l 1 Il Il 'l I e * ! ? Z+b
2.0 2.5 3.0 3.5 4.0 4.5 20 75 3.0 35 4.0 45 ==
y* ¥ arXiv:1411.1264
< r — — — o MCFM MSTWO0S8 massive LO
> 2 ' ' ' LHCb, (5=7TeV o MCFM MSTWOS massless 1O D2
p= * Data . = MCFM MSTWO8 massless NLO [ Data,
o 20 L Z#ljet J
Z+c-jet .
g J b F —e— —
~ 15 B Z+b-jet J . )
% N b —a + 4
> -1 A l L A L A l L A L 4 . 'y q 3 34 l ' L L 1 l s L A A
10 LHCb -] 100 200 300 400 500
. C ] 0.0, > 10 GeV) [fb]
5 _: + f.:
0 E [ + -—s ]
R TS NS S TS TN S S T SN S T S S S S ST NS S S R S
2000 4000 6000 50 100 150 200 250 300
Mo [MeV] Ozar(Py > 20 GeV) [fD]

R. McNulty, Results from LHCb and their relation with HERA 9



Evt: 121292289
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depending on muon p;
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W->pv (integrated) & dependence on PDFs

arXiv: 1408.4354
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-
W->pv (differential) & dependence on PDFs

arxiv: 1408.4354J
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W->pv (differential) & dependence on PDFs
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Effect of 37pb! of LHCb data on HERA-derived PDFs
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Effect of 1fb-! of LHCb W data on LHC-derived PDFs

xu(x,Q), comparison plot xd(x,Q), comparison plot
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Central Exclusive Production with
Dimuon final states
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(Note: JAp—up and yx.—Jhpy)

Related phenomena where the colourless object creates a particle
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Photo-production cross-section
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[1] Martin A D, Nockles C, Ryskin M and Teubner T 2008 Small x gluon from exclusive J/y¢ production Phys.
Lett. B 662 252 (arXiv:0709.4406)

[2] Ryskin M G 1993 J/¢ electroproduction in LLA QCD Z. Phys. C 57 89

[3] Ryskin M G, Roberts R G, Martin A D and Levin E M 1997 Diffractive J/ photoproduction as a probe of the
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HERA vector meson photo-production results
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Sensitivity to gluon pdf

\_Jgnes Martin, Ryskin, Teubner, JHEP 1311 (2013) 085

Gluon may rise faster than
described in global PDFs.
=> Much larger cross-
sections for CEP channels
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S. Jones, A. Martin, M. Ryskin, and T. Teubner, Probes of the small x gluon via
exclusive J/v¢¥ and Y production at HERA and the LHC, JHEP 1311 (2013) 085,

arXiv:1307.7099.
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Graphical Representation
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VELO sub-detector
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Use of backwards tracks
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Use of backwards tracks
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Invariant mass of exclusive muon pairs
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Inelastic background

Signal Background

How to reject what you can’t see? do
...Regge theory suggests exponential dependence E ~ €
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Inelastic background J/w
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Inelastic background wp(2S)

P(2S)
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Integrated Cross-sections

Cross-section*BR for both muons in pseudorapidity range 2<n<4.5:
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Differential cross-sections J/yp and w(2S)
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's Photo-production cross-section’
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Sensitivity to saturation effects

TP—=Jiy+p
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Motyka, Watt: PRD 78, 014023 (2008)
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Gay Ducati et al., arXiv: 1305.4611
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Sensitivity to saturation effects: J/p w(2S)
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Search for odderon

- Motyka, DIS 2008.
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Odderon identification requires good modelling of inelastic background
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Probing pomerons: e
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Investigate other vector mesons
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Dimuon Mass Spectrum
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Predictions Jones, Martin, Ryskin, Teubner, JHEP 1311 (2013) 085
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-
High rapidity shower counters for LHCb

- Increase rapidity gap with scintillators in forward region
- Use existing electronics
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First simulations suggest veto region for charged and neutral particles can be
extended to include 5<|n|<8 - an extra 6 units in pseudorapidity.
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Herschel Integration
inside Tunnel
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Summary

EW measurements at LHCb constrain PDFs and
complement the constraints obtained from HERA data

Photoproduction of vector mesons is measured in
different kinematic regimes by LHCb and HERA, showing

consistent results.

Through CEP, soft QCD at very low x values can be
investigated in a remarkably clean experimental
environment (down to x=10-°in new 13 TeV running).
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