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° One of the 4 main detectors at the LHC CP v:olat/on rare decays NeW Phys:cs searches

- L :
e Forward spectrometer with N Ao

planar detectors: AL ECA g t_, A

— B hadrons at the LHC are = - LR |
mainly produced at low ' 4 =4k
polar angles '

. U
— angular coverage: 2<n<5 ) e | : =

— combination of PID and
tracking detectors covering
the full acceptance: :
unique @LHC o >

|'-

e Excellent tracking performance: e High quality particle identification:

— momentum resolution of long 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 trlgger system
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Data taklng 2009-2012 @ €© M HEIDELBERG

R N TN ﬂh F

: o LHCD Integrated Luminosity at 4 TeV in 2012 year Iuminosity energy (TeV |
e s rmysimnnrs B 2009 6.8 ub™ 0.9
%‘13“":_ """" oo e  Recorded Lumi: 1295.91 /pb 2010 0.3 nb—l 0.9
= e [ VELO Safety: 0.9 (%) OO OO A

e 2010 37 pb 7

i 2011 0.1 pb™ 2.76

44 51200_—

E ok 2011 1.0 fb™ I
800 2012 2.2 fb™ (exp.) 8
"°E e ~95 % data taking efficiency
400
200 e ~99% r/o channels operational

Date e ~99% of accumulated data is

useful for physics analysis

=

Running challenges:
e In 2011 and 2012, high luminosity (up to 4.0x 10* cm* s™) running
e L HCb design luminosity: 2.0 x 10 cm? s™

e Smooth data taking by LHCb despite strong challenge for the trigger, offline
reconstruction and data processing
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e LHCDb, due to its rapidity coverage, explores
particle production in an unique kinematic range: 1% &

— probes of PDFs at very low and at high values |

10§
of x and low-Q? : collision between parton :

at high (known) and low-x (unexplored). ne
For ATLAS/CMS: collisions of two partons :
with similar x 0t |

— PDF uncertainty increases towards large n

10° |

Q2 (GeV?)

— low-mass Drell-Yan and W/Z cross-section :

measurements: probe x values down to ~10°° , 5
and 10~ respectively 10° b evoluon | hera

e Ability to study low-p_region (<0.5 GeV/c) N 5
C at large n(>4) SR YT LT

10 10° 107 10° 107 107 10"

sea valence

= — the only LHC experiment that can X
investigate this region of the phase space

— great potential to study soft QCD processes
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%I\a Electroweak Boson Production (1) e noonsee

~ R

N e A LR s -
- . . . ._,—"\m | . .

tion studied with 4 decay modes: KEAlSy _‘ ; -~

Z — uu candidate: ¢-z view

e

1) Z— uu :
—» 37 pb™, LHCb-PAPER-2012-008

2) Z— ee
—1f _1, LHCb-CONF-2012-011

3,4) Z— t(uvv)t(uvv), Z— t(uvv)t(evv)
— 0.25 1] _1, LHCb-CONF-2011-041

e Z selection: muons/electrons with high pr

e W*— u~v selection: high pr and isolated % asoE
muons (W*purity : 78%) > 400F
e Lepton charge asymmetries are investigated 2 350
: _ : o Z 300F
e~ o Signal yield is estimated by fitting the pr spectra  « 950 E-
M of positive and negative muons in data to S LoF )
p templates for signal and backgrounds B soE
— Signal+Z-related background templates taken 100 -
from MC, heavy flavor background from data 50 |
e W,Z selection efficiencies derived from data 00 20 100 120 B
[ e All results corrected for final state radiation Dimuon invariant mass [GeV/c?] "
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Electroweak Boson Production (2)
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! T AT 13171 RS NI 2T 1IN
LHCb, {5 =7 TeV o MSTWOE v NNPDF21 P> 20 GeVic LHCb-PAPER-2012-008
Data o ABKMO09 < HERAIS 20<n <45 . -
Data,, 2 JROY o CTEQ6M(NLO) [ Z:60<M,, <120 GeVic? e [ epton charge asymmetry vs muon pseudorapidity:
—o SR 7 0.6 _
' P : : 'uucrzﬂu [pb] R p%>20 GeVic
65 70 5 80 85 90 ’ = -'“??“‘;
— O W+_) ﬂ+v 0.4 __ 7
' 00750 560.—¢35T. “o o Twie [P B : o— — !
: o — Vv— - 021 e —y ?mlyi'?
- — O — /’t D :—o-—-
- 'séo 5150 = lG;F._. ' '?r:m' - '?slo' == Ow e (PP 0 [ LHCb,{s=7TeV ‘}’0-}-%%
S e W+ / W— - Data,, o MSTWOR
lll 1I2 = ll3 1I4 IIS 2“""‘“"’ 0 2 R e o 2 {’
o ‘ W e N 4 JRO9 Emiid
1 |||;_ﬁ_._§'__'?_'|W/|Z W'-*u“r+c"'f'—'!ﬁ' : v NNPDF21
6 17 18 19 20 21 2 23 9, 04 » HERAIS
—— WY/Z 5 B ¢ CTEQ6M (NLO) &%ﬁ{‘}
1 L | I T Wt PR R T TR [ SN SN N TN N TN TR TN TR NN SN SN S N L
T O 0% 1 2 3 4
1 1 1 el W V||/'_/Z Ow —uv TI”'
& Oz —up —
L 7 75 8 8.5 9 9.5 10 Aﬁ = (JW-I-_}#"‘U — UW_—H_L_D)/(JW‘I'—H{"U + Ow- _}#—5) .
%
< LABSIIm?QB a';(’ﬂ'\ﬂooggal-gggg e general agreement with the predictions, though
alrAlVv. . H H /
verestim he rati f the cross- jon
JR09 arXiv:0810. 4274 some I-j’DFS overestimate the ratios o.t .e Cross-sections
NNPDF arXiv:1002.4407 e errors include PDF and scale uncertainties
HERA15 arXiv:0911.0884 . . .
CTEQ6M arXiv:0802.0007 e accuracy of the results will be improved with more data
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N S AT el N WM

® gq— V* — U prOCGSS studied with 37 pb—l 50<M<70 G?V/c , 29 < )'( < 41.5

T

£2200 F LHCb preliminary

o
e selection: high pr identified muons with ;_%%ggg :ﬂ’]? N
IS bpes LAY EEY 1600f oo @t T, e
. . . . . 1400 Hadron mis-id \‘\: 3
e Signal extraction using the muon isolation: 1200 _ W, N
. 1000 - 3
z=pt /pr 800 \\ ol
600 - ]
. _ . 400 \\\\\ '
— for signal z — 1: checked with Y and Z data \\\ - PN
. 200 - __,\\f //‘/// i
for background z < 1: usually produced in the 0 =27 /////////‘////
same direction as the other collision products 0 0.5 1
600 <M< 120 GeV/c 20<y<45
— minimum muon isolation of two muons is used 240
O :
e Signal yield extraction using a fit to the Minimum 5 800
Muon Isolation distribution of two muons in data 700 &
to templates for the signal and background. 600
500 F
— signal template is taken from PYTHIA, while 400 f
background templates are mainly taken from data 300
200
100 F
ob—
LHCb-CONF-2012-013 0 . 0-'5 . . !
Minimum muon isolation .
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ISR N\ RS
STV Drell-Yan Production (2) RRBe ez

o - SN RS el - xS
LHCb-CONF-2012-013

4107 & LHCb Preliminary, {s = 7 TeV

S E l? Datastal | '!
8 B ? 3 Data ) 2
> L LO PYTHIA (CTEQ5L) '
e 10 = o NLOFEWZ (MSTWO08)

= - Y region — NLO DYNNLO (MSTWO08)

> ~ excluded

'-d e

‘“‘*i L 20<n" <45 — o A

f = p“>10GeV/c

o = p“> 3 (15) GeV/c o

ﬁ B L [ ] [ ] 1 I T 1 L 1 L [l L 1 [ ] I

g 15|

- =

R R R B e e e e i

s | :
ﬁ 0.5 — L [ ] 1 1 I 1 L 1 1 L 1 1 1 I

10 10?
Dimuon invariant mass [GeV/c?]

e NLO predictions provide good description of the data

—vdT ] N A RS IS AT | BEEE |
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{ e | HCb Vertex Locator (VELO) allows to
measure diffractive processes by detecting
events with Large Rapidity Gaps (LRG)

e 23 SiStrip stations surrounding the Collision Point «*,
being outside magnetic field, just 8 mm away i/
a from the beam line
e largest angular coverage among LHCb subsystems
e detection coverage: 1.5<n<5.0, -4<n<-1.5
| e reconstruction of the primary and decay vertices,
track seeds + info for the trigger
= © excellent performance during data taking
R sensors | 1 m
¢ sensors
- : : - - = S
4 e High detection efficiency cross section at y=0 o
for events with LRG over: | 2 60 mrad A
X
—-3.5<n<-15 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ H ‘ ‘ H H H { — ‘ | ‘ \ e
20<n< 50 oz CETEIRI BT E TR : ] f
VETO | " interaction region A
stations | xz“:ifps“eam o =53¢cm
VELO station \
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1 ; : : fraction of diffractive events
; : : fraction of non-diffractive events
inclusive minbias 2010 MC events
at least T back ward track is requ.-red

2 3 4 5 &
Number of forward tracks with 1.9<n<4.9 in an Event

(‘:Q

e quite a few backward tracks reconstructed

® No activity in the main detector acceptance
— LRG extends over ~3 units of n

14.5.2010 23:05:5.
t15

Run 71816 Event 15075.

14.09.2012, DIFFRACTIONZ2012, Lanzarote Forward Physics at LHCb by D.Volyanskyy



AX-PLANCK-INSTITUT
. \\\ FUR KERNPHYSIK

LI!CI\’ Downstream Difiractive Candidate =gz none

fraction of diffractive events
fraction of non-diffractive events
inclusive minbias 2010 MC events
at !east 1 fong track is required

Number of backward tracks with -3.5<n<-1.5 in an Event

+ ; %]

e >5 forward tracks reconstructed

; ® no activity in the backward region

il — LRG extends over ~2 units of n

51518 bld 2674

[y [

14.5. 2010 23:05:53
Run 71816 Event 1507
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& o Energy Flow (EF) :

Npart
1 dE,,; 1 1 T
. = | v 2o Bin
Nmt d?} 7? int i=1

e EF directly sensitive to the amount of parton
radiation and multi-parton interactions (MPI) at large n
— 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 improve the existing constraints on ultra high energy
cosmic-ray interaction models:
— LHC provides first possibility to compare
cosmic-ray showering models at Elab of
up to ~10"eV

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

14.09.2012, DIFFRACTIONZ2012, Lanzarote

Forward Energy Flow: outline
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LHCb-CONF-2012-012
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Forward Physics at LHCb by D.Volyanskyy

average energy created in a particular n interval

per inelastic pp interaction and normalized to the n bin size

" ._-..
%
"y
T
U
A

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
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i o £ increases with the momentum transfer & [ —*— corectedbaazor0  Lincl.minblasevents] 3 @ 4p0F —e— Comected Data 2010 '—“—#‘“"‘“’"""“ evenis
; ; ] 200 —w— Corected Data 2010 (k, extrapolated) 1 Fab Correoted Data 2010 (k_ extrapolated) E
In an Underlylng PP Process. % L —— PYTHIA6 LHCb: 2010 MC % - — — PYTHIAS LHCD: 2010 MC _j_\[*“;
EFhara > EFnon-diftr > EFinct > EFdiftr Z jsof T PYTHIAS Penugia0 = - PYTHIAS Perugia 0 ri 3
E E -~ PYTHIAS Perugia NOCR . i__J ] E 250; - PYTHIAE Perugia NOC!: . 2 _' _E
2 oo N s 3 A E
N ) i = L =
) g _ ._j"“ 150F _,_|r -
® PYTHIA-based models underestimate EF of et Lcopeimnay | 0 LG preiminary
at large n and overestimate it at low n W =TTV s0p=" =TTV
in Case Ofall event Classes "E r;:_' T S A U AN AT Y S T A A A B | [ |_ E rf‘:__l AN AR N ENEN N BN AR RAN I AR | L1 |_‘
S .0 1 38..¢0 N

O M o el

(=]
o
I
|
I
o
I
I

e PYTHIA LHCb tune and Perugia NOCR

0.6

2
-]

. . . . _I 1 1 1 1 | 11 1 | J 111 | | 111 | |- | | -l I_ | | I - | 11 1 | |. ) - | 11 1 | I 11 1 1 | 1l 1 I_
predictions for the selected inclusive and 225 3354 4s oy
non-diffractive enriched events are similar — _ . T

i,m:_ —8— Corrected Data 2010 diffr. enrlched evenis — iﬁ;_ —8— Comected Daia 2010 Lnon-diffr. enriched lwents:E

§ | —w Comected Data 2010 (k. extrapolaiea) 5130%— —=— Corrected Dala 2010 (k, extrapolated) + E

; Y- . 5 8o W . opE. — = PYTHIA LHCb: 2010 MC 3

e Perugia 0 significantly underestimates z [ 7 PrmmetHcnzome + Z yapf. e PYTHIAG Pengia0 I
EF at large n in case of all event classes =~ § ®f ~ "edm { T gep o TTermeesm AT S
40 + i r—J sokF .J— E

LHC?_preliminary % -------- — s ]_._;:::. E

. . . . - s=7 TeV i —— . = =T LHCb prefiminary

S e PYTHIAS describes the diffractive enriched  “} 'EJ_{':—J o et o7 TeV 1
Lo =T o 7]

EF much better than PYTHIA6 gy === EEREEEEEEEESS L o= ' e —
= 14 — E 14— —

% I.E‘:— ] é I.2:_ ]

2 9= -] 2= - "[.-.f.:;::_ _____________ ]

o E o EmmETIEI .

LHCb-CONF-ZOlZ-Olz O.S—I Ll 1 '_I_I-I_ 1—4—f|_|_f —l—l_l' |_|—I- |_|_:_|: | |_ O'E_l 1 | ] 1 | 1 I | u

2 2.5 3 3.5 4 4.5 n 2 2.5 3 3.5 4 4.5 n
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Total EF vs cosmic-ray model ‘\{i“ HEIDELBERG
> R AT T — 1n

;‘ _| T | T T T 7T ] T T T 1T | T T 11 | | L | T T 5‘ _| L | 1T I T T T 1T I T 1T 11T | T 1T 171 | L=
g @ T —e— Corec ata [Tncl. minbias events | | @ . —e— Corec ata [hard scattering events ||
® EPOS 1'99’ SYB.ILL 2'.17 QGS.\]ETO:[, 225{]': - goﬂecgﬁga:a gg:g (k“ extrapolated) tls : 9509: N goﬂecggga:a gg;g(k“ E.'Xf:ap(dﬂa?ec;; : 't__':
QGSJETII cosmic ray interaction models & F —— erosiee | & I —— Eposiee 73
W 200l - QGSJET 01 e W 400~ QGSJETDT s g7
. € [ QGSJET Ui O 1z B QGSJETIM03 1 .-
— SOft processes via Pomeron exchanges = [ - sz e T R S - _J'FTJ E
(Gribov's Reggeon Field Theory) = iy 1 °F j_.‘.__[“‘“: E
. FYSTOT el -] - . ]
— hard processes: pQCD or exchanges of : e e . : pugel ]
; 50— B e LHCb preliminary 100~ e LHCb preliminary
semi-hard Pomerons TP L s=7TeV 1 gl s=TTeV |
— models are not tuned to LHC data B DD s
L b < L 2o
— thanks to Ralf Ulrich and Colin Baus g1 e P I el
N . . = T — 1 L it e _
from KIT for providing these predictions 0al- 4 el ) | .

| ’ 6_2| 2|5 .J:' 3|5 4|¢ 4|5 I:] ’ E_El 2|5 .lz' 3|5 JL 4|5

e Good agreement between the data and
QGSJETII prediction for the hard scattering s [T T T T T} S0 T T T T T
& 100~ —e— Corrected Data 2010 [[difir_enriched events | |- 8 F ®— Corrected Data 2010 [pon-difir. enriched events]
EF at lar gen = [ —=— Corected Data 2010 (k, extrapolated) 1 =osp- —=— Corrected Data 2010 (k extrapolated) -
F E gol. —— EPOS1.99 . -E I — — EPOs 1.99 oy
) o - -+ QGSJETO1 P: ":‘200:— --------- QGsJeETOT ;—:_
P<e SYBILL 2.1 gives the best description of Sl e _}_g—: Ol T S
- . . . o | - Frnliie: ] o] - d FETRILE N— ]
the inclusive and non-diffractive EF 2 } - 1 &% T A I
40 g S | - =
] LHCb preliminary }_ _J!' ' 100E T i
j o None of the models are able to describe the o = Te\ii Ak 1 s gt LHOD preiminary
| EF measurements for all event classes: | el S ;laff‘"'ffl T e
. . ST £ 1 ]
— valuable input for MC tuning and MPI/UE & s 1Y T —_— E
I E e P
mOdeIS = U.E_— - ..-!__L_ STty = ?_— - N _,__,.——J—_ — - —
- — T e e — o 08— |
0.6 — -

LHCb_CONF_2012_012 0.4_2|I 1l I2.I5I L1l I ) | | L1 1 | | L1 1 | 11 I_ Uﬁ_l L1l I2-|5I 111 I 11 | I3-|5I L1 | I L1 1 I4| Ll I:]

n
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Exclusive Dimuon Production (1) e=&=e wwe

LD
NN
O e Ul S ym

B o Elastic pp — p (uw) p process: ;
protons remain intact Y
u+
e Experimental signature: —
completely empty event except
for two muons (and possibly vy ) e
B — protons are undetected as they Tg
escape through the beam pipe p}
e Selection: no backward tracks Pure QED process: Study of Pomeron and Odderon states.
in an event (LRG over 2 units), potential for luminosity Probe of gluon density at low x
exactly two reconstructed tracks measurements
with 2.0<n<4.5 and > . . . b 00w
p-l-(lulu )< 09 Gev g 140 ®  Signal from Starlight MC
(=]
e Contamination from non-elastic e LHCb
events, where the other particles 8 100 Preliminary
travel outside the acceptance E
e Signal purity ~70% %
e Analysis performed with 3 pb™ %
of low pile-up data @ 7TeV 3

3 4 5
DiMuon Pt (GeV)

LHCb-CONF-2011-022
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SEGR Exclusive Dimuon Production (2) s s
SN S : i el =SSl
g o Forward track mult/pIICIty for events Wlth LRG over the backward region: L HCb-CONFE-2011-022
J/y exclusive candidates  (2S) exclusive candidates
7

> -
2400F 0 - [ 20:—
dg22(10—(*1") € = «~LHCb
>50001- S s Y s Preliminary
- - Wt & Ns=7Tev
& 518000 LHCb Preliminary( 5 _f HCb Preliminary g T
@ 1600 \s=7 TeV E s \s=7 TeV l% 125_ '/1(25)
21400 ad 10
51200- E 8f-
= L C
1000F < 30 6F-
S L
600F - 2}
C = 0040 00 SUEN0 FEFEIINENINING 530 VETEN SV WL VSR N SV WD
400F [ g _ : . | _
200 —H'_.__.__.__.__._ 1 ﬂ- '+'-+-_¢_+_ H‘*‘ * > * > In?r:riant Msagss (GeV)4
Lol PP T VPR Y PP l _" AR T T T T T T %250['_
12 345678 910 123456?8910 .,E,iLHCb
Number of Forward Tracks Number of Forward Tracks " 0.
o oo 2 r Preliminary
) ) > [ T ; I i @  ChiCo from SuperChiC MC @ 2(!]!_—
® y_exclusive candidates: Jyy 2 sof || ¢ Soimamcew | 8 | Ve=TTeV |
. . . 8 - LHCb - ChiC from Psi' Starlight MC | & [
candidates combined with y § wF Preliminary Wasol
i [ \s=7TeV Data i
e fractions of y_, x ., x., % 30 o .
obtained performing a fit to 3 205 i ?
the data using template ° 7 |
shapes provided by MC £ 1of ; -
Z bt , .
3.2 3.4 3.6 3.8 27 28 29 3 31 32 33
ChiC Mass (GeWcz) Invariant Mass (GeV)
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Exclusive Dimuon Production (3) e=&=e wwe

; e—
SRR = _ £SO N ‘F1

O Prellmlnary results on the cross-sections of different exclus:ve dimuon processes:

01ty (2 < My T < 4.5) = 4TA £ 12 4 51 + 92 pb

Op(08)pu-(2 < My e < 4.5) = 12.24+ 1.8+ 1.3+ 2.4 pb

- Oxordfy—utu—v(2 < Mgy Mu—s My < 4.5) =9.3£2.2+3.5+ 1.8 pb

Orss 7yt (2 < T T Ty < 4.5) = 16,4+ 5.3 £ 5.8 = 3.2 pb
Orogs 3yt g (2 < Ts Ty Ty < 4.5) = 28.0 £ 5.4+ 9.7+ 5.4 pb

Oppsptpp(2 < Mgy N < 4.5 My > 2.5 GeV/c?) = 67+ 104 7 4 15 pb

— Statical+systematical+luminosity uncertainties are listed

— efficiencies are estimated from simulation

e all measured cross sections are consistent with theoretical predictions which have large uncertainties
4 L. Motyka, G. Watt,, Phys. Rev. D 78, 014023 (2008).
W. Schafer, A. Szczurek, Phys.Rev. D76:094014,2007. arXiv:0811.2488
SuperCHIC and Starlight generators

LHCb-CONF-2011-022

g =i

| S '____7_/- - ‘ ' , : %“: ;
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| o LHCb is much more than just a beauty experiment :-) allowing in pai /
to perform electroweak and QCD measurements in an unique; pre

unexplored kinematic range. Z //

| o Electroweak results are in reasonable agreement with mexf :

Good input for PDF constraining. | ////

e First diffractive related measurements are perjo} nec
forward energy flow is well described by the

| ® None of the models used are able to desctik
measurements for all event classe/s'. //7

[ 3

e Preliminary results on the exclu%(/ ’
4 Accuracy of the measuremei? :
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