Electroweak and central exclusive
measurements
in the forward region at LHCb
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JINST3 (2008) S08005

Fully instrumented in the forward region (2 < n < 5)
some detection capability in backward region (-3.5 < n <-1.5)
— LHCDb is a general purpose high resolution spectrometer
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* excellent tracking

* particle identification in a large
momentum range: 2-1000 GeV

* trigger on low momentum objects RICH detectors Muon stations
P, >3 GeV, p,">0.5 GeV, Mw>2.5 GeV Particle ID




* Momentum resolution:
0.4% at 5 GeV to 0.6% at 100 GeV

* Vertex resolution:

oxy:10-50 um, o : 100-300 pm

* Track impact parameter resolution:
13 -20 uym

* Particle ID:

Muon ID €=97%; mis-id: 0.7%
Kaon ID €=90%; 1T mis-id< 5%

Kaon identification
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Integrated Luminosity by year [fb]

2010 36 pb'@ 7 TeV

2011 1fo’' @ 7 TeV

2012 2" @ 8 TeV

2013 2nb' @ 5 TeV proton-lead
Since 2011: Luminosity levelling:
Continuous adjusting of beam overlap
— roughly constant luminosity

— stable running conditions
High data taking efficiency:>90%

LHCb Average Mu at 3.5 TeV in 2011
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Z easurements with electroweak bosons

Introduction
Z production

Z plus jet

Z plus D

In proton-ion collisions
Inclusive W production
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. LHCb-CONF-2013-007
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i

W and Z production at LHCb

LHCb forward kinematics:

@ first order, collision of a sea and a valence quark
— asymmetry in production rate for W* and W-

— sensitivity to structure of the proton: parton distribution functions (PDF)

Source: DESY, Hamburg

H1 and ZEUS
o 1
w
Q*=10 GeV?
I . 2
08 —— HERAPDFL0 PDF : fq(X,Q )
xg (<005) B toia uncertinty probability, that proton contains a parton q

------- HERAPDF1.0 ACOT scheme

with momentum fraction x
Q: invariant mass of parton interaction

0.6

0.4
L xS (x0.05)
0.2

JHEP 1001 (2010) 109
arXiv:0911.0884 [hep-ex]




LHCb probes two distinct regions in x-Q: X, 2=(Q/\/s) ety

Unique region at low x

10°
* W, Z production: :
x=1.7-10" 10° F
* complementary to ATLAS/CMS e
* low mass Drell-Yan production g
x=8:10° at m=5 GeV |
& 100 F
D
— valuable input for the extraction of PDF ¢y |
N 10
e/
10'F
10° F |evolution = HERA
10" | |
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sea X valence




o(x,Q’) =zfdx dx,f,(x,Q)f,(x,Q")  5(x,x,Q)

hadronic x— sec. PDF52 8%

Theoretical predictions:

* cross-sections known at NNLO to %-level

* PDF uncertainty dominates at large rapidities
3% aty <2, 6-8% at y~5

* low masses: uncertainties much larger

% pdf uncertainty

100 —
- Vs =14 TeV

partonic x —s;c. :NNLO 1%

-l
o

I . I L | ' I

- pdf uncertainty on
de(W'ydy,,, do(W )/dy,,,
da(Z)/dy,, do(DY)/dMdy

at LHC using MSTW2007NLO
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Plot from Thorne et al. (arXiv:0808.1847)
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Cancel or highlight PDF uncertainties with ratios

* many systematic uncertainties cancel
* theoretical uncertainties partially cancel

« A, =(do(W")-do(W"))/(do(W)+do(W))

tests valence quarks: difference btw. u,, and d,

e R, =do(W*)/da(W")

tests valence quarks: u,/d, ratio

* R, =do(W")/da(2)
almost insensitive to PDFs
precise test of SM

Y pdf uncertainty
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pdf uncertainty on
R = do(W')/da(W)

A = (do(W")-da(W))/([da(W") +da(W )
|:I '-'f-.:"."‘y"l :I.'.:'_-II:",Il.I

at LHC using MSTW2007NLO
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Run: 74867 Next Run: 79784 Next
Evt: 14510474 . S Evt: 31007734

0.5 0
Minimum Pt (GeV)

<

5 10 3 4 5
Transverse Energy (GeV) Pseudorapidity Range

3 4
Pseudorapidity

Magnet

1 05 o

Miriream Pt {GaV)

3 & ]
Pussdorapidity Rangs
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— the following analyses are all based on the di-muon final state
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measurements LHCb-CONF-2013-007
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JHEPO1 (2014) 033

Jet reconstruction 3 M0 - T T T T T TS
o - —— ]
+ anti-k_algorithm(R=0.5) 095E- T ——
C .- 3
* particle-flow objects: ook * 3
charged tracks and neutral clusters E - .
0.85F -
] . 0.80:— E
Z plus jet selection - LHCb simulation 7
* standard selection for the Z 0751 o Penfcds
- jet 2<n<4.5, p >10 (20 GeV) T
o int. . . . ' 20 40 60 80 100 120
jet-muon separation: Ar(jet,u)>0.4 P [GeV]
Jet energy correction “
* from simulation: 0.9-1.1 3 LHCb
« validated in data: Z plus 1 jet events JL; ® Dua
* simulation describes data well 8 — Simulation
£

Dominant systematic uncertainties
* jet energy scale and resolution
* jet reconstruction efficiency

00 02 04 06 08 1.0 12 14 1.6 18 20

Jet Z
py / pz




JHEPO1 (2014) 033

Jets: anti-k_ (R=0.5), 2<n<4.5, p.>10 (20 GeV), Ar(jet,u)>0.4
Dominant uncertainties: jet energy scale and resolution, jet reconstruction efficiency

pT(jet)>1O GeV:o =16.0 £ 0.2(stat) £ 1.2(syst) £ 0.6(lumi) pb
pTGet)>20 GeV:o = 6.3 £ 0.1(stat) £ 0.5(syst) £ 0.2(lumi) pb
> >
pT(jet) 20 GeV pT(jet) 10 GeV
Data (stat.)
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Predictions:

POWHEG+PYTHIA at O(a ) and O(a *) and different PDF sets
FEWZ O(a:) not corrected for hadronisation and underlying event
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Yields information on charm PDF and charm production mechanisms
Contribution from single-(SPS) and double-parton scattering (DPS)

Selection
standard Z selection
D° - K 1", D" - K '’
2<p’<12GeV
2<n°<4
Z and D from same vertex

7 Z plus D°and 4 Z plus D* candidates

combined significance: 5.1 o

no /\C+ — pKTm, DS+ — O’

Events / 6 GeV

LHCb
Z+D°

Ll

0 T gt v 1701 L
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m,.,- [GeV]

=
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1.82 1.84 1.86 1.88 1.9 1.92

My [GeV]



* charmed hadrons from B-decays (dominant)

* real Z and D from different vertices

* combinatorial background: from 2d fit to mass distributions

2D mass distribution with PDF for signal and background

1.91 = 191
1.9 ﬁ 1.9
1.89 . 1.89
1.88 - 2 1.88
187 E 187
1.86 1.86
1.85 1.85
1.84 1.84
1.83 1.83
60 70 80 90 100 110 12 60 70 80 90 100 110 120
m,..- [GeV] m,..- [GeV]

* purity is high about 95%



0(Z—up,D°%) = 2.50 + 1.12(stat) + 0.22(syst) pb
0(Z—pu,D") = 0.44 + 0.23(stat) £ 0.03(syst) pb

Predictions

Single parton scattering (SPS) from MCFM

Double parton scattering (DPS):
o(DPS)=(o(Z—pp) o(D))/o_,

0_=14.5+1.7 7 mb (CDF)

Sum of SPS and DPS expected to describe signal
* consistent for Z plus D°
* Z plus D" below expectation

— differential measurements with high statistics will allow to
disentangle SPS and DPS contributions

MCFM: J. M. Campbell and R. K. Ellis, Nucl. Phys.
Proc. Suppl. 205-206 (2010) 10, arXiv:1007.3492.

10°

cross section [fb]

10°

10%

| LHCb data ¥s=7 TeV
—“— SPS massive
—&— 5PS massless
—&8— DPS
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Nuclear PDF (nPDF) poorly constrained at high and low x,, where measurements at LHCb

have a good sensitivity.
x,:momentum fraction of a parton inside the nucleon

Forward: proton beam in LHCb direction, backward: lead beam in LHCb direction

R ——— R— 21



Forward: pA collisions

proton beam: Ep =4 TeV
> Pb beam: E,=ZE =158 TeV
cms energy: \/sIDN = 5.02 TeV
shift in rapidity: Ay =-1/21InZIA=0.47
Luminosity: 1.099 + 0.021 nb™
11 candidates y
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Backward: Ap collisions

proton beam:

cms energy:

shift in rapidity:
Luminosity:

4 candidates

E =4TeV
E,=ZE =158TeV
Vs =5.02 TeV

Ay =-1/21In ZIA=0.47
0.521 £ 0.011 nb™

pPb ysyy =5TeV
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Efficiencies, purity from data (purity >0.995)
Cross sections:

forward: o, _ . .
backward:o,,

, = 13.5%7 (stat.) £ 1.2(syst.)
,=10.77%7 (stat.) £ 1.0(syst.)

—U+U- A
Theoretical predictions:
NNLO calculations (FEWZ)

nuclear modification: EPS09(NLO)

future higher statistics measurements
will provide important information
on nuclear PDFs

FEWZ: Y. Liand F. Petriello, Phys. Rev. D86 (2012) 094034,
arXiv:1208.5967.

EPS09: K. Eskola, H. Paukkunen, and C. Salgado,
JHEP 04 (2009) 065, arXiv:0902.4154.

Oy [0D]

arXiv:14060.

40
B syst. LHCb 7
i syst. @ stat. pPb {5y, =5TeV ]
30— —
i ° FEWZ NNLO + MSTWO08 ]
- 0 FEWZ NNLO + MSTWOS + EPS09 (NLO) -
20— —
i ° :
- l_l —
10 —
i ° O ]

0

backward forward

Fiducial volume
muons: p_>20 GeV, 2<n<4.5

mass: 60<M(uu)<120 GeV?

il R— 24



W selection: one (isolated) muon

Muon: one muon
20<p; <70 GeV/c, 2.0 < n<4.5

Isolation E_cone<2 GeV (Cone R<0.5 around )
p.cone<2 GeVic

Cuts against background:
* from semi-leptonic decays of heavy flavour
Impact parameter < 40 ym

« YL No other muon with p_>2GeV

* K/1T punch through
E(Calorimeter)/p<0.04

Main background:
kaon, pion decay in flight
vV*/Z—upu, one muon in acceptance



1
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N

1l
ay

Purity from fit to p_ distribution
simultaneously in 8 n bins and both charges

Shape Norm.

W —uv simulation  fit

K/1T decay in flight ata fit
simulation fixed

W—-1v , Z->T1T simulation fixed

HEAWRBVOUR cata  fixed

Normalisation
* signal and decay in flight: fitted
* others : fixed from data

Purity: (77.17 £0.19)% for W *
(77.40 £ 0.23)% for W~
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Z cross section — comparison
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N

Comparison to ATLAS: LHCb measurements corrected to account for the additional
cuts: E___>25 GeV, M_>40 GeV

— good agreement in overlap region
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sive Production (CEP)

Introduction =
JIW, W(2S) — ¢
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Exchange of a colourless object: y, pomeron
— two muons (+ photon) + rapidity gaps
— protons escape undetected in beampipe

Non-resonant di-muon di-y from J/W, W(2S) di-py fromy — J/¥Yy
(di-y fusion) ( y-pomeron fusion)
& -~

(di-noomeron exchange)

LPAIR Starlight SuperChiC: MC for CEP
A.G.Shamov and V.l.Telnov, S.R.Klein and J.Nystrand, Phys. L.A.Harland-Lang, V.A.Khoze,

NIM A 494 (2002) 51 Rev. Lett. 92 (2004) 142003 M.G.Ryskin, W.J.Stirling,
arXiv:0909.4748[hep-ph]
Resonant production
— sensitivity to gluon distribution at low Bjorken-x (5 -10)
Non-resonant production: pure QED process, precisely known
— could be used for luminosity measurement
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xg(x,u?)

arXiv: 1307.7099)

-
Seo
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e n®=6.4[GeV
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=
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Sensitivity to gluon PDF in a region which is poorly constrained

[ NLOfit
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) LHCb Vertex locator (VELO)

Silicon strip vertex detector
R and ¢ sensors -

Pileup stations

interaction region
c=53cm

Forward: 1.5<n< 5.0
Backward: -3.5<n<-1.5

Backwards tracks re-constructable
(no momentum information)

Rapidity gap coverage

forward: 2 gaps, sum of 3.5

backward: ~ 1-2 units, depending on z
vertex position
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Signature
* Two muons
* No other activity in event
» di-muon system: low p_

Trigger:
* Hardware:
one [ (p,> 400 MeV)

or two y (p,> 80 MeV)

low multiplicity in scintillator pad detector in
front of calorimeter
* Software:

di-y candidate with p_< 900 MeV
or M(up) > 2.7 GeV

- el
B 141|111




dlI-muon seilection

J. Phys. G40 (201

Triggered: > >
. P . P LHCb Prelimi
two , little activity in calorimeter = LHCb Preliminary = ot b Preliminary
10k \'s=7 TeV S p\s=rle
o F -
. 2 f a
Exclusive: § 2
[
two forward, no backward tracks gl i
E 10
o l
il "
NI B 11111 1T 1
oo 2 28 variant Ma%s (GeV) Invariant Mass (GeV)
Triggered No backward tracks
() F T T 1 - - 1) — 1t Tt 1 T —  r
€ C *%e t 5000 ®
S 12000 - . ° LHCb S E A LHCb
O - ° 1 C [ L X
‘5 10000 |- o ‘s 4000 « |
[ " ® . - L]
2 sooof 8. F[°
g 8000r o . £ 3000f .
3 C 5 C [ ]
Z 6000F ¢ = y o
F ¢ o 2000F | ®
4000 [~ . - *
E G ¢ 1000 - ®e
20001 ¢ * - °
- e - %
0 ] R 0 ] , Te
0 10 20 30 0 10 20 30
Number of forward tracks Number of forward tracks

candidates for exclusive production




: Nucl. Part. Phys. 41 (2014) 055002

Selection

* event with one interaction: > P
24% of total luminosity

* precisely two forward muons 4

* no backward tracks

* no photons

« p.? ()< 0.8 GeV? JAp

* M(pp) within 65 MeV of nominal mass

. g g
— 55985 J/yp and 1565 y(2s) candidates
p
No =
= 1045— © %
° - LHCb 5 5
= f © et
5wl ? g g
I . S > >
C |
()]
g -
10° Bt >
SR b B b
- i L L
M0 o } 1 i
2500 3000 3500 4000

Invariant mass [MeV/c?]




J. Phys. G: Nucl. Part. Phys. 41 (2014) 055002

Backgrounds
* non resonant: small (0.8+0.1)% for J/p and (17.0£0.3)% w(2s)
- feed down:  Jiy: (7.6 £0.9)% from x_and (2.5 % 0.2)% from y(2s)

Ww(2s): (2.0 £ 2.0)% from X(3872)
* dominant:  inelastic background with extra particles out of LHCb acceptance

L 2
> 107 §e) ©
© - LHCb = 2
O - o o
< o oo
[ (7))
g 10°F > 8 &
) = oE > >
c R
)
2 B
107 Bt b
10 T ] TR
2500 3000 3500 4000

Invariant mass [MeV/c?]




Backgrounds from feed down — J/p only LHCb-CONF-2011-022

« From x — J/p y:

suppressed: no photons

estimate residual background from

SuperChic, normalised to data
contribution: (7.6 £ 0.9 )%

L 2000 o
© 1800 LHCDb Preliminary
® 1600 \'s=7 TeV

£ 1400

> 12008 | J/y

W(2s)— JIy X, 2.5%

@-

12 3 4567 8 910
Number of Forward Tracks

< 2000k—¢—

E, 180E LHCb Preliminary

L 1600 s=7 TeV

© 1400

& 1200

1006 x—Jwy, 8%

J 800 | J/y

600k
4006

20(F

AT I Y I GI U
0 1 2 3 4

Number of Photons

* From y(2s)— J/y X:

suppressed: exactly two tracks
estimated from scaling MC simulation to measured ratio

contribution: (2.5 + 0.2 )%
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J. Phys. G: Nucl. Part. Phys. 41 (2014) 055002

>p p
Proton dissociation or gluon radiation L Y i
— estimated from data: fit pT2 distribution ) Jhyp Jhp Iy
g g% a9 a9
= 2 5p >p :
* signal and inelastic background: exponential ) e} e
- feed-down: shape from data x_— J/py and y(2S) — J/ymrm
* fit slope and normalization of signal and background
© 4500 o S slope b agrees well with expectation from
o — - Signal (a)
% 4000 LHCb ------ Inelastic bkg HERA:
o
o 3500 Jiy — . Feed-down bkg
S 3000 LHCb expected from HERA
$ 2500 b_~6 GeV?
£2 2000 b~ 1 GeV~
E 1500
1090 LHCb Fit:
i i b_=5.70£0.11 GeV?
° 05 1 1o 2 b,=0.97+0.04 GeV~

p? [GeV?/c?)
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J. Phys. G: Nucl. Part. Phys. 41 (2014) 055002

>p P
Proton dissociation or gluon radiation L . i
— estimated from data: fit pT2 distribution ) Jhyp Jhp Iy

(=

(=

s a9 EEE
(=
2> p >p

. . . . b d
* signal and inelastic background: exponential & © (d)

- feed-down: shape from data x_— J/py and y(2S) — J/ymrm

* fit slope and normalization of signal and background

‘:'Q 4500 LHC Signal (@) :Q 450 N C Signal (b) _z
% T > LH T 3
8 4000 J/L|J ------ Inelastic bkg 8 400 L|J(28) ...... Inelastic bkg E
o 3900 — - Feed-down bkg ~ 350 — « Feed-downbkg —
S 3000 % 300 =
8 2500 Q. 250 3
2 2000 <200 3
c 3 E
2 1500 o 150 E
L 3
1000 100 E
500 50 ‘ W

0 1 1 L L " N " i 0 = | ——a 1 | 1 N | -

0 0.5 1 15 2 0 0.5 1 1_52 , 22

p? [GeV?/c?] p2 [GeV?/c?]

Purity p.?<0.8 GeV*: 0.590.01 for J/y and 0.52+0.07 for y(2S)

R ——— R— 42



p: purity
 feed down background (10%/ 2%)

* non resonant background ( 1% /17%)
* inelastic background (40% / 40%)

N: number of observed events

/ EL \
€. efficiency

* trigger, tracking, u ID, selection (simulation)

L: luminosity

* single interaction beam crossing
P(n) = p" exp (- p)/n!

n number of visible pp interactions
M average number of visible interactions
efficiency 21.1%




. Phys. G: Nucl. Part.

v Y(2S)

m Goncalves and Machado

m Jones, Martin, Ryskin, Teubner Jones, Martin, Ryskin, Teubner

Motyka and Watt g @ STARLIGHT

Schaefer and Szczurek g

STARLIGHT B SUPERCHIC
. (Klein,Nystrand)
SUPERCHIC [}
(Harland-Lang, Knoze, Ryskin, Stirling) . Py ~ LHCb
o— : LHCb
A T R A R R N B
260 280 300 320 340 5 6 7 8 9
pb pb

Cross section times BF to two muons with 2.0 <n <4.5

o(J/p) =291+ 7(stat) + 19(syst) pb

_ G&M:  Phys. Rev. C84 (2011) 011902
o(y(2S)) = 6.5 £ 0.9(stat) £ 0.4(syst) pb JRMT:  JHEP 1311 (2013) 085
M&W:Phys. Rev. D78 (2008) 014023
Sch&SPhys. Rev. D76 (2007) 094014

Starlight:  Phys. Rev. Lett. 92 (2004) 142003

in good agreement with predictions Superchic: Eur. Phys. J. C65 (2010) 433
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do/dy [nb]
o

do/dy [nb]
N

4 B 1
E 0.8

lny
N 0.6~

2| 0k +
_ ——&—— Data with uncorrelated uncertainty " ——&—— Data with uncorrelated uncertainty
C | ] Data total uncertain L [ 1 Data total uncertainty

1: @ LO prediction (JMRtTy} (a) 0.2 T LO prediction (JMRT) (b)
- [_____1 NLO prediction (JMRT) - |:|| NLO predi?tion (JMRT) | |

O L L L I L L L L I L L L L I 1 1 1 1 I 1 1 1 1 O L L L L L L L L L L L L L L L L L L L L
2 25 3 3.5 2 2.5 3 3.5 4

4 4. 45
Rapidity Rapidity

* prediction from Jones, Martin, Ryskin and Teubner arXiv:1307.7099

* shape better described by NLO prediction




J. Phys. G: Nucl. Part. Phys. 41 (2014) 055002

—
B

do/dy [nb]
I LI II\II)I LI

—

]
b
4

3E
" 0.6f
2 [~ ——&—— Data with uncorrelated uncertainty B
T [ ] Data total uncertainty 0.4 ——e—— Data with uncorrelated uncertainty ‘
~ = Saturation model of Gay Ducati, Griep & Machado [ [_] Data total uncertainty
1 === === Saturation model of Motyka & Watt 0.2 - Saturation model of Gay Ducati, Griep & Machado
- (a) - (b)
o—_— 0'....|....|....|....|....
2 2.5 3 3.5 4 4.5 2 25 3 3.5 4 4.5
Rapidity Rapidity

also described by models including saturation (arXiv:1305.4611, PhysRevD.78.014023)




ION Cross secton J. Phys. G: 41 (2014) 055002

J/WY production cross section measured as a function of rapidity (10 bins)
— results can then be compared to H1/ZEUS data using

known photon flux for a photon of energy k

correcting for gap survival

nw extracted/ ffom HERA from HERA /extracted

do dn ¥ dn _
dy— :r(Y)[k—de-’_ 0yp-)Vp(‘K] ) +k-£ 0yp—)Vp(\K] ) ]

pp=>pVp

1(y)= 0.85—(;1—|Y| absorptive correction, gap survival

dn O,

= 1+(1—==) |(logA——+——
K 2k Lt 05

Vs 6 A 2A% 3A

2
Zk) [ 3 3 +1 3) photon energy spectrum

for each rapidity bin two solutions for W (photon-proton cm energy)




) CEP: yp cross-section J. Phys. G: Nucl. Part. Phys. 41 (2014) 055002

Compare to HERA yp data using known photon flux for a photon (energy k)

W from HER A/extracted extracted/from HERA
do dn ~ " dn ~ A
—— =7 k,— O \WY +k — O \WY
dypp_)pvp (Y)[ +dk+ yp—)Vp( ) _dk_ yp-)Vp( ) ]
gap survival photon flux
s 10°F o t lated points f h
e - — two correlated points for eac
Y - LHCb Jiy measurement (W', W) iny
N | Deviation from power law:
* higher order
10°F = * saturation effects
- ®  LHCb (W+ solutions) _
B B LHCb (W- solutions) -
A H1 i
¥ ZEUS
10 +  Fixed target experiments —
- Power law fit to H1 data -
- y o .
102 10°

W (GeV)




Work ongoing with other final states, also in hadronic channels

10.3204/DESY-PROC-2012-03/58
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Increase rapidity gap with scintillators in forward and backward region

Detect showers from high rapidity particles interacting with beam pipe elements
— improve veto on inelastic background
— better control of the background
— better precision

Simulations studies suggest veto region for charged and neutral particles can be
extended to include 5<|n|<8 - an extra 6 units in pseudorapidity.




HeRSChelL.: High Rapidity Shower Counters for LHCb

Station B2 hole radius
atz=-114.0m 44mm

hole radius
60 mm

hole radius

115 mm
N
/]
J S fﬁj
Station B1 L
atz =-19.5m 5k
Station BO i
atz=-7.5m g ll'i ;
Station F1 ."I
at z=20.0m J/x
Station F2

atz=114.0m

Five Stations: three backwards, two forward

Detectors four plastic scintillator plates, 20 mm thick - retractable

Installation: starting in August

— Expect improvements in triggering and background rejection
for CEP events for the run starting in 2015




Interac th:m

Z production Point.

Z plus jet: first LHCb measurement with jets ) v
Z plus D: first observation in pp collisions &7
increased statistic: sensitivity to dlsentangle Jﬁ{, »
SPS and DPS contribution =

Z in proton-lead collisions: first results senS|t|V|ty to qUClearPDF

W production .
Precise new measurements, valuable mput for PDF frts

ilt Tracks

Central exclusive production
J/p and y(2S), sensitive to.glden PDF.and shadowmg
more results to be expectedsoon with di-muon and hadronic final states
increased sensitivity after’'shutdown (new scintillator detectors)

— Many more interesting measurements to come!

(s




Backup slides




ACD trigger

40 MHz bunch crossing rate

Flexible Trigger ‘U’ ‘U’ ‘U’

* Hardware trigger: LO 40—14 MHz LO Hardware Trigger : 1 MHz
information from calorimeter and muon system readout, high Ex/Pr signatures
* Two software trigger stages 450 kHz 400 kHz 150 kHz
h* H/Hp e/y
14MHz —950 kHz ‘U’ ‘U’ ‘U’
950 —4.5 khz [ Software High Level Trigger )
* Ability to trigger on low transverse momentum 29000 Logical CPU cores
particles: pTu > 15 GeV ﬁlén:o::i::iit::dion tuned to trigger

Mixture of exclusive and inclusive
\___selection algorithms y

o O Ir

5 kHz Rate to storage

2 kHz 2 kiz 1 kHz

. Inclusive

Inclusive . / Muon and

. Exclusive .

Topological DiMuon
Charm

* Special triggers for low multiplicity events

.




) Full list of QCD results

Measurement of charged particle multiplicities and densities

Prompt charm production at Vs = 7 TeV

Measurement of the forward energy flow at \'s = 7 TeV

Measurement of Y production in pp collisions at Vs = 2.76 TeV
Measurement of VO production ratios at Vs = 0.9 and 7 TeV
Measurement of the B+ production cross-section at Vs=7 TeV

Measurement of the inclusive ¢ cross-section at Vs = 7 TeV

Prompt KOS production at \s = 0.9 TeV

W&Z production studies at Vs = 7 TeV

Z — tau tau production at Vs = 7 TeV

Z —ee production at Vs = 7 TeV

Z —up + jet production at \'s = 7 TeV

Z plus D production at Vs = 7 TeV

Measurement of the cross-section for Z—pp at sV=7 TeV

Low mass Drell Yan production at Vs = 7 TeV

Graphical comparison of W and Z results with ATLAS and CMS

Exclusive J/W and W(2S) production in the dimuon channel Vs = 7

Measurement of o(bbbar) with inclusive final states

Inclusive jets and dijets

arXiv:1402.4430

Nucl. Phys. B 871 (2013) 1-20

Eur. Phys. J. C73 (2013) 2421
accepted by EPJC arXiv:1402.2539
Eur. Phys. J. C 72 (2012) 2168
JHEP 04 (2012) 093

Phys. Lett. B 703 (2011) 267

Phys. Lett. B 693 (2010) 69

JHEP 06 (2012) 058

JHEP 01 (2013) 111

JHEP 02 (2013) 106

JHEP 1401 (2014) 033

JHEP 04 (2014) 91
LHCb-CONF-2013-007
LHCb-CONF-2012-013
LHCb-CONF-2013-005

J. Phys. G: Nucl. Part. Phys. 41 (2014) 055002

LHCb-CONF-2013-002

LHCb-CONF-2011-015 E Esig




J. Phys. G: Nucl. Part. Phys. 41 (2014) 055002

Exchange of a colourless object: y, pomeron
— two muons + rapidity gaps
— protons escape undetected in beampipe

High rapidities 2-5
- complementary to ATLAS/CMS
- sensitivity to x values 5 -106

VELO acceptance
forward: 1.5<n< 5.0
backward: -3.5 < n <-1.5 no momentum information

VELO surrounds beampipe

VELO
8.4 cm

Rapidity gap coverage
forward: 2 gaps, sum of 3.5
backward: ~ 1-2 units, depending on z vertex position
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Correlated uncertainties expressed as a percentage of the final result

Esel 1.4%
Purity determination 2.0%
(Jr)

Purity determination 13.0%
(¥ (28))

=|:“‘Es-ingller 1.0%
*Acceptance 2.0%
*Shape of the inelastic 3.0%
background

*Luminosity 3.5%
Total correlated statistical 2.4%
uncertainty (J/)r )

Total correlated statistical — 13.0%
uncertainty (1 (25))

Total correlated systematic 6.5%
uncertainty




