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— Motivation
— LHCDb detector

- LHCb central exclusive production results
—J/yp and ¢ (2S)
—Double charmonium
—Non-resonant dimuon

— X
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Motivation

— colorless object production (X) in a very clean environment: theory vs data

— understanding of soft — hard QCD scale

— input to phenomenological models: saturation, pomeron/oderon interaction, ...
— sensitive to low-x gluon density in the proton down to 5x10°
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LHCDb is a single arm spectrometer fully instrumented in the forward region (2.0<n<5.0)
Designed for heavy flavour physics < Explored for general purpose physics

Scintilating Pad Detector (SPD)
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Tracking (magnet)
ECT* 2017 0.4%-0.6% momentum resolution (0.2-100 GeV)
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backward track
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backward track
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High Rapidity Shower Counters for LHCb — HERSCHEL

- installed at the end of 2014 — increase pseudorapidity coverage
- 5 stations with 4 scintillators with PMT
- able to detect forward particle showers and veto events wth these

Station B2
atz=-114.0m

Station Bl
atz =-19.7 m
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To get an idea on distances
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Data used in the results presented in these slides:

2010 — L=36/pb at 7 TeV
2011 —» L=1/fb at 7 TeV
2012 — L=2/fb at 8 TeV

2015 — L=204/pb at 13 TeV

LHCb Integrated Recorded Luminosity in pp, 2010-2016

[gn]
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Integrated Recorded Luminosity {1/fb)
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e 2016 (6.5 TeV): 1.67 /fb

2015 (6.5 TeV): 0.32 /ib
2012 (4.0 TeV): 2.08 /ib
2011 (3.5 TeV): 1.11 /fb
2010 (3.5 TeV): 0.04 /ib

2012

"'2'0'1'6 ..............................

Month of year

Pile-up conditions

P(N) = e"uN/N!

M = average number of visible
interactions

2010 - p~1.6, P(1)~21%
2011 - p~1.4, P(1)~25%
2012 - p~1.7, P(1)~19%
2015 - p~1.1, P(1)~35%
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LHCDb
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LHCb simulation
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General Strategy

—LHCb has no proton tag detectors
— use regions void of particle production (gaps)

— Trigger on low multiplicity events

—using SPD and/or tracks (future results will use Herschel at Run-Il)
— Select candidate and no other activity in the detector

- Detector acceptance: 2.0<n(track)<4.5

- Require no backward tracks: —1.5<n<—3.5(+Herschel at Run-Il)

—Backgrounds:
- feed-down: if X object is a resonance, it could be a decay product of Y

Ex: In J/y CEP: % »>J/y+y
- inelastic (proton dissociation): p? distribution is used to fit CEP and non-CEP
- other diffractive production: estimated with event generators
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2011 dataset with L=1/fb
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Template fit to data

— Inelastic background: exponential (HERA extrapolation b, ~1 GeV~) ->J/1pfeed-down:(xco’ Xcl,Xcz)ﬂP(ZS)
— Feed-down background: data driven from reconstructed decays - (2S) feed-down: X (3872),%.(2P)
— Signal: exponential (HERA b_~ 6 GeV~?)

fele elpT + fi 1in +

©aso0p- L T T g
o e Inelastic bkg
Q)
x 3500 Feed-down bkg
o 30005\ background fractions
Q 2500F- feed-down10.1%
L%) 15002_ Purity=(59211 2)%
1000F-
5OOF=""" "+
0F 175 —
0 0.5 1 1.5 2

p$ [GeV?/c?]
by = 5.70 +0.11 GeV 2
b, = 0.97 £ 0.04 GeV 2

ECT* 2017
M. Rangel

14



Template fit to data

— Inelastic background: exponential (HERA b _~ 1 GeV~?) > J/ypfeed-down: (%o Xe1 Xea)» W(2S)
— Feed-down background: data driven from reconstructed decays - (2S) feed-down: X (3872),%.(2P)
— Signal: exponential (HERA b_~ 6 GeV?)

fele elpT + fln 1in +

© 4508y 0 b T I(b)'

L LHCb — - Signal

8 4004 & L. Inelastic bkg

— 350 Feed-down bkg

% 300 background fractions
2 250 feed-down 2.0%

£ 200 P(2S) inelastic 36.0%

D 150 Purity=(52.07.0)%

100
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Cross-section measurement

(49 =
dy i AeAyle

PN,

L)

single

For each bin i, we have

- N, is the number of candidates

- p is the purity

- A, is the acceptance

- A y is the bin width

- L is the integrate luminosity

- ¢, is the efficiency for selecting single interaction events
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Correlated uncertainties expressed as a percentage of the final result

€zal 14%
» Purity determination (J/i)) 2.0%
» Purity determination (¢(25)) 13.0%

*€single 1.0%

*Acceptance 2.0%

*Shape of the inelastic background 5.0%

*Luminosity 3.5%
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do/dy [nb]

——@—— Data with uncorrelated uncertainty

2
|:| Data total uncertainty
Saturation model of Gay Ducati, Griep & Machado

1 = = = Saturation model of Motyka & Watt
(a)
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do/dy [nb]
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Goncalves and Machado

pb

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

o(Jy) =291+ 7(stat) + 19(syst) pb

—_ GE&M: Phys. Rev. C84 (2011) 011902
U(m(ZS)) = 65 :t UQ(Stat) i D.4(Sy3t) pb JRMT: JHEP 1311 (2013) 085
ME&W:Phys. Rev. D78 (2008) 014023
Scn&SPhys. Rev. D76 (2007) 094014
Starlight:  Phys. Rev, Lett. 92 (2004) 142003

in good agreement with predictions Superchic: Eur. Phys. J. GBS (2010) 433
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Jigp o W(2S) . .
m Jones, Martin, Ryskin, Teubner Jones, Martin, Ryskin, Teubner -
Schaefer and Szczurek @
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do dn dn
o =r.k o (W) +r_k_-——0 (W_)
dyppépJ/“t,bp +ht dk yp—Jfp + dk_ yp—J/bp

dn/dky are photon fluxes for photons of energy ki =~ (M /2)exp(£|y|)

(Wi)? = Qki\/E, and rL are absorptive corrections

g W

< F LHCb ]

o i )

Assuming HERA result for W, - il
2
o(W)=81(W/90GeV " nb 10

LHCb (W+ solutions)
LHCb (W- solutions)

H1

ZEUS

Fixed target experiments
Power law fit to H1 data

b . L0l

10° 10°
W (GeV)

IIIIIII|
IlIllIII

one can obtain o(W )
and vice-versa

1
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2015 dataset with L=204/pb

12992 J/ candidates
382y (2S) candidates
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Herschel requirement
Using non-resonant DiMuon events, high multiplicity

and high p_ JAp

LHCDb preliminary
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Background fractions
Non-resonant estimated from DiMuon mass — 0.009
Feed-down estimated using data — 0.059 (compared to 0.101 at 7 TeV)
Proton dissociation extracted from fit to p_*after subtracting non-resonant and feed-down background

fabs exp (—bsp1) + (1 — fa)by exp (—byp7)

LHCDb Preliminary

— e e
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.........

0 — 0.5 1 1.5 2
J/y transverse momentum squared (GeV?)

Number of Events per 0.02 GeV?

b .=6.2+0.2 GeV* Db, =1.5+£0.1 GeV* f =0.805+0.027
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Background fractions
Non-resonant estimated from DiMuon mass — 0.175
Feed-down neglected in this preliminary result
Proton dissociation extracted from fit to p_*after subtracting non-resonant and feed-down background

fabs exp (—bsp7) + (1 — fa)by exp (—bpp7)

180

LHCb preliminary
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W(2S) transverse momentum squared (GeV?)

Number of Events per 0.1 GeV?

b.=5.7+1.0 GeV-2 b =1.1+0.6 GeV2 f =0.79+0.13
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LHCb Preliminary
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LHCb (vs= 13 TeV)
LHCb (vs= 7 TeV)
ALICE

HI

ZEUS

Fixed target experiments

<« »>» PO nm o

n Power law fit to H1 data
------ JMRT NLO prediction

7 and 13 TeV results are in agreement

Power-law fit is not sufficient to explain data

Good agreement with JMRT NLO

LHCD preliminary
z
ul L r
10* 10
W (GeV)



Oy p - y2s) p (1D)
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LHCb preliminary W (28)

e

o LHCb (\s= 13 TeV)
] LHCb (\s=7 TeV)
A Hl

H1 J/y power law scaled by 0.166

102 10°
W (GeV)

Only W, solution possible
Good agreement with H1 extrapolation
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Run-I data set L=1/fb at 7 TeV and L=2/fb at 8 TeV

]r'lﬂ TN

T(nS)

+ Analysis strategy similar to J/y
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Events / ( 60 MeV/c?)
3

Total

""" T (nS) signal, 2< y<4.5

Non-resonant background

IIIi-,-lclIII|IIIIIIIIIIIIIIIIIIIIIIII

m(up) (MeV/c?)

L | a ] ] L
11000 12000
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Background fractions
Non-resonant estimated from DiMuon mass
Feed-down estimated using simulation and data input %,?Y+Yy
Proton dissociation extracted from fit to p.?using sWeights

Signal template is obtained from SuperChiC

—~ L A B S B B B
= 100 Purity~33% LHCb .
% :
o o0 Total B
= o\ 0 Exclusive TmS) |  background fractions
< “‘ ---- Inelastic background ]  feed-down 39%
E 40 Feed-down y,(mP) = inelastic 28%
5 ]
s 20 —
TR B nalke. TN ST AU R SUrAN R T SR T
00 0.5 1 1.5 2
p (L) (GeVZc?)
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3

Exclusive Y production

o(pp — pY(1S)p)
o(pp — pY(25)p)

8 8 & 3

=

Differential cross-section (pb)

=

LHCb 4 T(15) data
LO(7TeV) .

(a) —— LO(8TeV)
P NLO (7TeV)
—— NLO (8TeV) |

/\
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T(1S) rapidity

JHEP 09 (2015) 084

9.0 +2.1+1.7 pb
1.34+0.8+0.3 pb

10*

102

W (GeV)

Rapidity dependence in agreement with NLO calculation

10°

Photon-proton cross-section extrapolated from measurement can be
compared with different phenomenological models

LHCb sensitivity

NLO o
B.G.bCGC —
Gauss LC bCGC

H1 2000 ——
LHCb run 1 —— |
ZEUS ].998129[}9 ——




2011 dataset with L=1/fb
2012 dataset with L=2/fb

Trigger
DiMuon (p.(muon)>400 MeV) in coincidence with SPD multiplicity < 10

Candidate selection
Exactly four forward tracks (three identified as muons)

ECT* 2017
M. Rangel

30



ECT* 2017
M. Rangel

M

4500

4000

3500

3000

2500

2000

1500

Lower di-muon invariant mass |

[=]
o

oooon
0000
O0Oooono

2000

E

3000 4000 50

00

Higher di-muon invariant mass [MeV

31



> r | | | ]
= - .

25 —
3 C LHCDb ® .
8 20f :
2 -
o 151 3
0 - ? ]

10 —

5
0 p 1 * | * 1 ] +| ] 1 1 ] 1
1000 2000 3000 4000 5000

Mass [MeV]

Mass of the second pair when the first pair has a mass consistent with the J/ip or the y(2S)

Extrapolation of exponential fit up to 2500 MeV is used to estimate non-resonant background
=> (0.3+£0.1(0.07£0.02) for Jhp ((23))
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Feed-down from Jhp Y(2S) as Jhp Jhp estimated from data => 2.91£2.0

Proton dissociation estimated from p_2 fit using events with DiMuon mass = [6,9] GeV

C% L T I LI L B
O] 3 —
N 10 - b=0.29 GeV~? LHCb =
o _ @ 3
o) - o .
(oh o
wn 102 3 ... _E
c = -
o N ]
>
LL] B _
10 =
e | | . | 3
0 2 4 6 10
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Signal estimated using a fit to data

felbs €Xp (—bgp%) T (1 — fel)bb CXp (_bb'p%)

b,=0.29 GeV- LHCDb _

N

Events per 0.2 GeV?
o

1 .++. 2 N
8 10
P2(JAyJdiy) [GeV?]

b,=2.9+1.3GeV?and f_,=0.42+0.13

JIy CEP b ,=5.70+0.11GeV*
Different signal slope from double charmonium to single charmonium

+

o
N
-h 5
(o))
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Candidates
37 Jp-Jhp

5 Jhp-y(2S)
0 y(2S)y(29)

Cross-section without proton dissociation correction
calculated at 90% CL

o’/ = 58 £ 10(stat) & 6(syst) pb,
oPP(25) = 6312 (stat) 4 10(syst) pb, a(J/pp(25))

. . — 1 1+0.5

Jt,u(ZS)w(ZS’) < 237 pb O'(J/’(p J/’(p) -L_0.4
gXc0Xe0 < 69 nb,
gXelXel < 45 pb, o($(25)) = 0.17 = 0.02
oXe2Xe2 < 141 pr U(J/"p)

oI [aI ) etusive = (2.1 £ 0.8) x 1073

oI [a ) usive = (5.1 £ 1.0 £0.6172) x 1074

ECT* 2017
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- Data collected in 2010 (L=36/pb)

@ 20000
€ 18000
> 16000
& 14000
> © 12000
@ 10000
8000
6000
4000

> 2000

LHCDb preliminary
\s=7 TeV

III|IlIllllllil‘HI|l|l|III|IlIlIII|HI[

10 20 30
Number of forward tracks when >=1 backward tracks

- £ 6000 o
> LHCDb preliminary

{1 5000
\s=7 TeV

P '© 4000
| =

=<
MWW MWW
‘_I;_ L)
Numb

2 3000
£
5 2000
=

1000

10 20 30
Number of forward tracks when no backward tracks
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DiMuon selection
Candidates of Jhp and y(2S) are vetoed
Muon p. >80 MeV

DiMuon Mass > 2.5 GeV
DiMuon p,. < 0.9 GeV

Background
Muon mis-id: random triggers without muon id cuts
Diffractively produced DiMuon contribution estimated by POMWIG
Inelastic production estimated using LPAIR and normalized to data

® 2010 Data
N R Inelastic 50 L : ::Li::m from 2010 Data
40 Lch L4 ::z':i:ﬂ:'i'"e‘m"’ E Signal from LPAIR MC
Preliminary = 401 -
— 3 [
B LHCb .
30 Preliminary .

Number of events per 100 MeV
Number of events per 100 MeV

0 0.2 o 0.4 . 0.6 0.8 0 0.2 0.4 0.6 0.8
DiMuon Pt (GeV) DiMuon Pt (GeV)

More than 2 fwd tracks Only 2 fwd tracks

Ot up(2 < Mty M < 453y > 2.5 GeV/c?) = 67+ 10+ 7+ 15 pb
42 pb (LPAIR prediction)

CCT* 2017 Analysis update is ongoing.

M. Rangel
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P — Same data as non-resonant DiMuon
— J/yp candidate plus one photon (E;>200 MeV)

Xe
+ Exclusive spectrum estimated by SuperChic fitted to data
9 b + Inelastic contamination higher than other CEP (60%)
>
- C T T T T T T T : f:?:ig::rt:m SuperChiC MC
— Q - ®  ChiC1 from SupercChiC MC
= LHCb = ““m_J
. . & [ LHCb g
—  Preliminary § 40 Preliminary .
E Ns=7TeV o [ Vs=7TevData .
= € 30F -
- > ]
- @ L .
: s 20 -
] 5 f 5
3 § T :
s Z 2 : -
3.2 3.4 3.6 3.8

2 22 24 26 28 3 32 3.;:‘ a:;ﬁs (:&ae V)d ChiC Mass (GeV/c?)

crxco_,J/w,y_,uww(Q < Nt s Mu—s My < 45)=93+22+35+1.8pb

O-Xcl_>J/w7_,u+u*7(2 < Nty M=y My < 45)=164+53+58+3.2pb

GXCQ_,J/W_,WV,Y@ < Nty M=y My < 45)=28.0+£54+9.7+£5.4pb

Analysis update is ongoing.
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— Extensive central production program at LHCDb
— Important tests of QCD in the forward region

— LHCDb has an active program to study CEP
+ odderon and glueball searches
+ more final states

+ other diffractive production
+ ...

ECT* 2017
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— Extensive central production program at LHCDb
— Important tests of QCD in the forward region

— LHCDb has an active program to study CEP
+ odderon and glueball searches
+ more final states

+ other diffractive production
+ ...

Thank youl!

ECT* 2017
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ATLAS

CMS

LHCb

B Muon
Bl HCal
B Cal
BN Tracking
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10m

8.4 cm

Backward track reconstruction is useful
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Phil llten's slides — MPI at LHC
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https://indico.nucleares.unam.mx/event/1100/session/5/contribution/48/material/slides/0.pdf

~> >

40 MHz bunch crossing rate

L0 Hardware Trigger : 1 MHZ

readout, high Er/Pr signatures

450 kHz 400 kHz
h* H/pH

[ software High Level Trigger
29000 Logical CPU cores

Offline reconstruction tuned to
trigger time constraints

Mixture of exclusive and inclusive

\ selection algorithms

~ <>

5 kHZ Rate to storage

2 kHz
Inclusive/
Exclusive

Charm

2 kHz 1 kHz
Muon and

DiMuon

Inclusive
Topological
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LHCDb Integrated Luminosity pp collisions 2010-2012

SR i SO S TR SR SRR SRS U S
g — Delivered in 2012 {4 TeV): 2.209 /fb
= 2 i Recorded in 2012 {4 'I'Ev]: 2082 "‘.h ........................................................................
£ = Recorded in 2011 (3.5 TeV): 1.107 /fb
E F Recorded in 2010 (3.5 TeV): 0.038 /fb
a — : : : .
- 1.6 I S O O SOTPRTTr i o SO AR UPPRPPN
i —
™ [
E'-l 1.4 i e b g g G
2 —
: —
— 1_2 __,,,_..._ ............... I " o LT TE S P PO E T T CTRLT TR TENTIILE
1:_ ..................................................................................
0.8 :_ ......................................................................................................................................................................
DﬁEE_pm“m_m_mﬁ_m_m_m_m,m_m..m_ ...............................................................................................................................
0.4 :_ ........................................... et T e s
DQ{E_;NHN_M_NE .......... - ? .................. ;mm_m_m_ém_m_m_mé ..................... ; .................... ;m_m_m_mé .....................
D __ | -L_-#I_- i-;r-l L | | 1 1 1 | 1 ] 1 | 1 1] 1 | 1 1 1 I il H H : 1 1 1 | 1 1 1
01/04 01/05 31/05 30/06 30/07 29/08 28/09 28M0 27 2712
Date

>90% data taking efficiency
>99% DQ efficiency
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