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LHCb: a general-purpose detector in the forward direction
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LHCb: a general-purpose detector in the forward direction
JINST3(2008)508005;

arX|v14]26352 to appear in Int. J. Mod. Phys. A

2

LHC Fill 2651 AT LAS

Instantaneous Luminosity [10% cm? ']
3

MUON
tracking system ECAI[ HEAL

~

5 20
Fill duration [h]

magnet

VELO

:E 5 2ﬂf)71 at 8 TeV 2‘“)2/[:
o 1ifb lat7Tev /7 RICH ——
2 P~
i:_;? // ¥ ’lzon
1 /{ /;;jz"' .
<n<5
05 .»/{; /r r]
_,/ 2010

Pieter David (Nikhef/LHCb) Electroweak physics in the forward direction at the LHC La Thuile 2015 4


http://dx.doi.org/10.1088/1748-0221/3/08/S08005
http://arxiv.org/abs/1412.6352

sensitivity to parton distribution functions

p=3GeV,nf =14
[ ABM12 (no LHC)
gluon

»
S

<

AG(x,) (%)

+LHCb (W, W)

-0 - +LHCb (2)
F ——— +cMs(W/w)
107 W E e FATLAS (W, W.2)
R T U 0! x
10°
valence
10°
B
]
8 10
. v i v
10° R R U T
—_20
X
2 :w
10 3
Z,
10 +
T
/ <
1 il L f L 20 Lvvd v v
1077 107° 107° 107" 107 107 107" 1 0t 10 10 ! x

X
PhysRevD89(2014)054028

Pieter David (Nikhef Electroweak physics in the forward direction at the LHC La Thuile 2015 5



http://dx.doi.org/10.1103/PhysRevD.89.054028

@ Vector boson production
» WE 5 ptvat 7TeV
Z—ete at 8TeV
Z+jet at 7TeV
Z+b-jet at 7 TeV

v vy

® Exotic results
» Search for long-lived particles decaying to jet pairs

® Exclusive production
» Exclusive J/{ and (2S) production at 7 TeV
» Observation of exclusive charmonium pair production
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Measurement of W boson production at 7 TeV

JHEP12(2014)079
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Measurement of W boson production at 7 TeV
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Measurement of Z — eTe~ production at /s = 8 TeV

aryiv:1503.00963 submitted to JHEP
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Measurement of Z — e"e™ production at /s = 8 TeV
aryiv:1503.00963 submitted to JHEP
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Production measurements with O(1%) precision

Z — ete™ [aryiv:1503.00963 submitted to JHEP]

Fractional uncertainty
Average value  Uncorrelated Correlated

€track 0.912 0.001 0.010
€kin 0.507 0.002 0.006
€PID 0.838 0.001 0.007
€GEC 0.916 - 0.006
Etrig 0.892 0.001 —

€ 0.319 0.002 0.016
fmz 0.969 0.001 —

Background estimation — — 0.004
J Ldt(pb™T) 1976 — 0.0122
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Production measurements with O(1%) precision

Z — ete™ [ariv:1503.00963 submitted to JHEP]

Fractional uncertainty
Average value  Uncorrelated Correlated

€track 0.912 0.001 0.010
€kin 0.507 0.002 0.006
€pPID 0.838 0.001 0.007
€GEC 0.916 — 0.006
Etrig 0.892 0.001 —

€ 0.319 0.002 0.016
fmz 0.969 0.001 —

Background estimation — — 0.004
J Ldt(pb™") 1976 — 0.0122

[JINST9(2014)P12005], see talk by Rosen Matev later today
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Measurement of Z + jet production at 7 TeV

R = 0.5 anti-kt jets  AR(p, jet) > 0.4
PTjet > 10;20GeV/c 2 < < 4.5

- Particle Flow jet reconstruction
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Measurement of Z + jet production at 7 TeV

JHEP01(2014)033
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Measurement of Z + b-jet production at 7 TeV

 b-tagging based on 2,3,4-track seed

Mceorr = \/M2 + p25sin?0 + psin 0

+ templates from MC, cross-checked
using tag and probe with
B — JUK* and DT — KFrtnt

it
+ b e
+ + I LHCb

4000

e Data
Z+l-jet
Z+c-jet

Events / (400 MeV)

+

6000
Mo [MeV]

Pieter David (Nikhef/LHCb)

JHEP01(2015)064
= 0OF T ™
fos ot
¥ osp — + +

045E E
04F E
0'35? LHCDb simulation
0.3;— —
0.255 2'0 > 1]

] 60
p,(jet) [GeV]

LHCb, (s =7 TeV

© MCFM MSTWO08 massive LO
o MCFM MSTWOS massess 10 P85
u MCFM MSTWO08 massless NLO ] Data o,

_L_
200 300 400 500
6Py > 10 GeV) [1b]
—t
—o————

250 300
G,,(P, > 20 GeV) [fb]

Electroweak physics in the forward direction at the LHC

fragmentation and hadronisation correction: PyTHIA8 with MSTW08
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Search for long-lived particles decaying to jet pairs

aerV14123021 to appear in Eur. Phys. ). C

« exotic long-lived particles with mass < F ;
3 |- B
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» E N
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[ Rear
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Analysis strategy:
@ Vertex finding in software trigger

® Particle Flow jets for mass
reconstruction

® Invariant mass fit in bins of transverse
displacement R,,

Pieter David (Nikhef/LHCb) Electroweak physics in the forward direction at the LHC La Thuile 2015 16


http://dx.doi.org/10.1016/j.physletb.2008.02.008
http://dx.doi.org/10.1103/PhysRevLett.103.241803
http://arxiv.org/abs/1412.3021

Search for long-lived particles decaying to jet pairs

aerV14123021 to appear in Eur. Phys. ). C

Vertex reconstruction Particle Flow jets
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Search for long-lived particles decaying to jet pairs
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Exclusive production

il |11
I | 1]
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Exclusive J/\]J and (2S) productlon at 7TeV

JPhysG41(2014)055002
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usive J/{ and {(2S) production at 7 TeV

JPhysG41(2014)055002
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Observation of exclusive charmonium pair production

2.0 <y ppp(es) < 45

« Full 3fb~" Run | data set

- First observation of exclusive
J )/ and J/P y(2S)production
« Elastic contribution to J/{ J/{:
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Conclusions

« LHCD covers a kinematic region complementary to central detectors

+ Vector boson production measurements with O(1%) precision,
comparable to theory uncertainties

+ Most precise luminosity measurement at the LHC

- New Z — eTe™ results at 8 TeV

+ More 7-8 TeV results coming in the next few months and then 13-14 TeV
+ Forward acceptance also interesting for exotics searches

+ Unique capability to study exclusive production

Pieter David (Nikhef/LHCb) Electroweak physics in the forward direction at the LHC La Thuile 2015 23



Additional material



Measurement of W boson production at 7 TeV

JHEP12(2014)079
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Measurement of Z — e"e™ production at /s = 8 TeV

aryiv:1503.00963 submitted to JHEP
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Measurement of Z — e"e™ production at 8 TeV

aryiv:1503.00963 submitted to JHEP

= 9 T T T T =N 1E T T T T ]
= eof LHCD ¥ 09FLHCH E
=N a# il E e 3
5 = 0.8F :
S 70 = “ ° E e s E
S 60 = - S 8'25_ ~ - E
50 B S Tevz o e =5 ’ é - o+ é
Data (stat.) 0.5 E_ 8TeVZ — e'e _5
40 = Data (tot.) 04F * Data (stat.) o -
30 o NNLO/MSTWO8 E Data (tot.) E
= o NNLO/CTIO - 03F & o T E
20 4 NNLO/NNPDF23 0.2F v Pythiad.1 ‘ E
10 ¢ NNLO/NNPDF30 o E 4 Resbos N E
+ NNLO/ABMI2 e 0.1 + Powhe; av E

)] S— PP I IR 01....|....|.g...|....“'+.

2 2.5 3 3.5 4 2 2.5 3 3.5 4
yZ yZ

Pieter David (Nikhef/LHCb) Electroweak physics in the forward direction at the LHC La Thuile 2015 27


http://arxiv.org/abs/1503.00963

Measurement of Z + jet production at 7 TeV

JHEP01(2014)033
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Measurement of Z + jet production at 7 TeV

JHEP01(2014)033
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Search for long-lived particles decaying to jet pairs
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Exclusive J/ and (2S) production at 7 TeV
JPhysG41(2014)055002

Exclusive J/{ production in pp collisions is related to photoproduction:
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Observation of exclusive charmonium pair production
JPhysG41(2014)115002
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