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Outline

. Brief introduction to LHCb and the VErtex
LOcator (VELO)

2. Update of VELO DQM TWiki and GUI
3. Analysis of central exclusive dimuon

production at LHCb
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The LHCb Experiment

RICH detectors Calorimeters .
A Trackers
A Muon chambers
VErtex LOcator (VELO) / /
HCAL
ECAL M5
SPD/PS M3 S 2
RICH2 M) 12 —

Scintillating pad detector (SPD) "
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* Silicon strip detector
made up of 2 retractable
halves of 21 modules
each

 Each module has both an
r and ¢ sensor

* Needed to precisely
locate both primary and
secondary vertices
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ﬁizgcb
VELO Data Quality Monitoring

* A number of macros are used to produce plots
detailing VELO performance during a run.

* The plots are usually (and most easily)
accessed from the VELO monitoring GUI.

REFERENCE FILES

rends | Det racks | Error Banks | Bad Channels | Time Samples | Gain |
nnnnnn
4 _I J J _J - -
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Update to VELO GUI TWiki page

* There are 16 tabs in the GUI using a total of 20
macros

* Updated/wrote documentation for each
macro including:

— A summary of plots produced by the macro
— Usage
— Ideal behaviour

— Examples of ideal and bad plots
— Known problems



Update to the monitoring

Data Reference Settings ﬂelp|

DATASET
ROOT file: VELODGR_93101_2011-06-06_18.00.06_MNZ5 root
1% file not yet specified

——REFEREMCE FILES ——

ROOT reference not yet specified
I reference not yet specified

Overview | DS | Trends | Detailed Trends | Neise | Cross Talk | Pedestals | Clusters | Clusters 2 | Occupancies | Tracks | Eror Banks | Bad Channels | Time Samples | Gain | ¥ CUves | 1y Trending | BCL Trending]

Sensor options
YELO Iayoutl R/Fhi summaryl Link nmsel TF noisel - - ’7 ¥ ADC [~ CMS [ Diff
ROOO RO0O1 ROOZ ROO3 RO04 ROOS ROO& ROOF ROOSG ROO% ROT0 RO11 RO12 RO13 RO14 RO15 RO16 RO17 RO1& RO148 ROZ0
ROZ1 ROzz ROZ35 ROz4 ROZ5 ROZE ROZ7 ROZE ROZS ROE0 ROE1 ROGZ RO&5 RO54 RO55 ROGE ROG7 ROGE RO3S RO40 RO41
| Average sensor noise
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E = A-side
o —
= =
2 6 —
2 =
= 4=
@ 2: eg ®ow o e wp 2® Foaop £y w2 A3z zH H EECTE LI w A - § 2
2 =
=
5 0
w
5 —
z ‘2: 8, L6 8o ,.F B, f® Ep =B ®r =8 % §& 8y m&F Fag 5 & 50 w & Fg gt L
g o=
g =
< 6
3= C-side
10 = . . . I . . . . I . . . . I . . . I . . . . I
0 5 10 15 20 25
VELO station

[V Fix y-axis 7] |

Contents of "Noise" monitoring: Filled for NE5 data
(For more info see Help-:Information on plots. .. -»VELO Layout, provides link to https://lbtwiki.cern. ch/bin/view/VELO/VetraScripts#DrawNoisehveragelverview)

Sunmary noise (CMS) in all VELO stations, separated for the A- and C-side, and for R and Phi sensors
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Update to the monitoring

Data Reference Setings ‘ | DATASET ——— REFEREMCE FILES ———

G OF:.-’E!;I; St 0DEM_33107_20171-06-06_18.00.06_MNZ5. root ROOT reference not yet specified
Debugging specified I reference not yet specified
WELO Twikis ... 3
Information on plots ... 3

Overview| DG5S | Trends | Detailed Trends Noiss | ¢ &R0Utthe VeloMoniGU ) ) qtors 2 | Gecupancies | Tracks | Errar Banks | Bad Channels | Time Samples | Gain | 1% Curves | 1y Trending | BCL Trending]

Sensor options ———
WYELO \ayuutl R¢Fhi summaryl Link nuisel TF nuise| - - ’7 ¥ &DC [ CMS [ Difi

ROOO RO0O7 ROOZ ROOG RO0O4 RODS ROO& ROOY ROOG RO0O3 RO10 RO11 RO1Z RO73 RO14 RO15 ROTE ROTY RO76 RO13 ROZ0
ROZ1 ROzz ROZ35 ROzZ4 ROZ5 ROZE ROZT ROZG ROZ3 RO30 RO31 RO3Z RO35 ROG4 RO35 RO36 RO3T ROGE RO33 RO40 RO41

| Average sensor noise
E- 10:
3 8 = A-side
(3] =
- =
2 66—
Q —
£ 41—
2 — o g %8 8% gpe wp g2 ®p gz g g2 "3 gH Ty g8 Hyg z8 ER g% 28 ga g3
3 2
< —
S 01—
L] —
5 [
0 2 = ] 8 L F - - R Er - B o ERE] q g FEE] 8y L& ) 5 & 5 g o 8 2 5 g 2 L
5 —
g 4=
£ =
< € —
8= C-side
=1 . . . . 1 . . . . 1 . . . . 1 . . . . 1 . . . . 1
10— 5 10 15 20 25
VELO station
— gEoiioooiuuuiouuioooosiooooog

Contents of "Noise" monitoring: Filled for NZ5 data
(For more info see Help->Information on plots. .. ->VELD Layout, provides link to https://lbtwiki.cern. ch/bin/view/VELD/VetraScripts#Dravtoisedveragelverview)

Sunmary noise (CMS) in all VELO stations, separated for the A- and C-side. and for R and Phi sensors

Summer Student Sessions, August 16t 2011



Data Reference Setftings

Overwewl DAS |Trends| Detailed Trends  Noise ICI

VELO layout|

R/Phi summaryl

oo s ] QDG _33101_2011-06-06_18.00.06_MNZ5 root

Debugging OMNOFF

WELO Twikis

Ahout the YelokoniGUl

*

DATASET

specified

Link noise

TP n

General Tahs:

Overview Tah
DQS Tab
Trends & Detailed Trends Tabs

ROOD

ROO1

ROOZ

ROOG

RO04

ROOS

RO21

ROz2

ROZ3

RO24

ROZ5

ROZ6

| Average sensor noise

Average sensor noise (neg for C-side)

-10

Hoise Tah:

R¢Phi Summary

Link Moise

TPMoise

Individual Sensor Noise
MNoise vs. Moltage

RO12

——REFEREMNCE FILES ————

ROOT reference not yet specified
I reference naot vet specified

RO13

¥ ADC [ Ch3 [ Diff

’—Sensur optiong

ror Banks | Bad Channels | Time Samples | Gain | 1% Clrves | i Trending | BCL Trending |

RO14 RO15 ROTE ROT7

RO1&

RO13

ROZ0

RO11
RO32

RO33

RO34

RO35 RO36 | RO37 | RO3G

RO33

RO40

RO41

Cross Talk Tah:

Eeetle header cross talk
Beetle header cross talk 2D & 10D

Pedestals Tah:

Pedestal Summary Plots
Individual Channel Pedestals

Clusters Tah:

All Clusters Tab Plots

Clusters 2 Tah:

All Clusters & Tab Flots

Occupancies Tah:

All Dccupancies Tab Plots

Tracks Tah:

de

=]

All Track Summary Plots
P Resolution Plots

02
B
41

R
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Error Banks Tah:

Overview and Distribution Plots

Bad Channels Tah:

Bad Channels Plots

Time Samples Tah:

All Time Samples Plots

25

VELO station

Contents of "Noise" monitoring: Filled for NES data
(For more info see Help->Information on plots

Sunmary noise (CMS) in all VELO stations,

Gain Tah:

->¥WELO Layout, provic

&ll Gain Plots

separated for the A- and G-

IV Curves Tah:

All IV Curve Plots

ch/bin/view/VELD /VetraScripts#Drawloisehveragelverview)
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Update to the monitoring GUI

drawNoiseAverageOverview.C macro
Summary

This gives an overview of the average sensor noise in the VELO layout. It plots the average =ensor noise for every sensor, with the A-side above the y-axis and the C-side below the y-axis. The R sensors are coloured green and the Phisensors
are coloured red. i's also possible to check noise histograms before and after Commoen-Mode Suppression (CMS).

Usage (with NZ5 file)

In the GUI:

In the *MNoise” tab, click on *WVELO layout®. There are check boxes in the upper left corner for ADC and CMS noise histograms.
In stand alone mode:

In ROOT, run as follows:

>.L drawloiselveragelverview.C
drawloiselhveragefverview( "myinputfile_root™ |

This script is also used by the menitoring GUI to display the very same histograms it produces in standalone. The drawNoisesverageOverview . C macro produces a single plot. The macro needs as input a file with NZ5 data produced by the
Noiselon algorithm in the Velo/\VeloDataMonitor package, containing the directory: structureVetra/Noiss/ADCCMSuppressed/TELLT_NNN/ and Vetra/Noise/DecodsdADG/TELL1_NNN/ with histograms RMSNoise_vs_ChipChanne! and
! Dr.;e_u_Strfp

ldeal Behaviour

ldeally the noise should be areund 2 (for summer 2011} with all of the 2ensors having roughly egual noise. If there is a sensor mizsing (see bad plots below ) or if one or more of the sensors has unusually high noise compared to the rest then this
should be reported in the e-log.

Ideal plots

= VELG Monftoring Gul Za%

Duts Befuence Semegt balp DATASET r REFERENCE FILES 1
— = = | ROOT e bA_93101_2011-DE-06_18 00,08_FZS rock ROOT flg: rol_25_MagDown_DATA_2011 rect

W filg rat figd W evdarance nol

overview| D@5 | Tranas | Detaited Treeas Hﬂh]cmm]rmmulc-mnlm:]wwmlmlmamlmcmlmmlﬁn s ‘?‘Iwmulau.n--u
mw
VELD tyout| Rl summary] Lk noere| roie | ] 7 ADC [ CHS I DI

Aiiagh sait Aol [hig for -akde)

2 bk & owaeam

F Fix y-ads A
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Update to the monitoring GUI

DAaTASET

Data Reference Seftings l

ROOT file: VELODGR_93101_20711-06-06_18.00.06_MNZ5 roat

REFEREMCE FILES

ROOT reference not yet specified

14 file not yet specifed I reference not yet specined

Overviewl DQs | Trendsl Detailed Trends  Noise I Cross Talkl Pedestalsl Clustersl Clusters 2| Occupancies | Tracks| Error Banks | Bad Channels | Time Samplesl Gain | I CUWESl I Trendingl BCL Trending|

Sensar options
VELO layout|  R/Phisummary|  Link noise| TP noise| - - ’7 [ ADC [ CMS [ Diff
ROOO ROO1 RO0Z | ROO3 ROO4 ROOS ROO& ROO7 | ROOG ROD9 RO10 RO11 RO12 RO13 RO14 RO15 RO16 RO17 RO1G RO19 ROz0
RO21 RDZZ ROZ3| RO24 ROZ5 ROZG ROZ7 ROZG | RO29 RO30 RO31 RO32 RO33 R034 RO35 RO36 RO37 RO3d RO39 RO40 RO41
| Average sensor noise
E 10 =
@ 8= A-side
[3) =
= =
2 61—
2 =
g 4=
2 — e ®n +8 gw wep g T opr we g8 Fg 2H Ty g8 Hg g8 ER g% 2% ga g3
5 2
= —
5 0=
w —
5 —
] 2= %_. % 8. .F R, zF Ep p® &t 28 %g @& 8By HE H& =& & 5 g e % =g gf *fg
A =
g 4
¢ =
< 6 —
8= C-side
=1 s s s s ! s s s s | s s s s | s s s s | s s s s I
il 0 5 10 15 20 25
VELO station

¥ Fix y-axis

For more info see Help-:Information on plots

—>VELO Layout,

Summary noise (CMS) in all VELO stations, separated for the - and G-side, and for R and Phi sensors
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3. Analysis of Central Exclusive
Dimuon Production at LHCb

(carried out with G.P. McGread, University
of Cambridge)
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What is central exclusive dimuon Biss

production?

Central = Particles are produced far from the beam line

Exclusive = Class of reactions whereby the colliding
particles remain intact. Additional particles are
produced by photon and/or gluon propogators,

.e.,A+B>A+X+B
Dimuon = Two muons, a w* pair, are produced
At LHCb we are studying: p+p > p+ L'/H +p

Examples: >

Tg P
4+
>
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Online cuts to the data

 Hardware Trigger Settings:
— Less than 10 SPD hits.

— Single muon with a
transverse momentum,
p, > 400 MeV/c? or two -
muons both with 4000/
p, > 80 MeV/c?. e

2000 —

e Software Trigger Settings: -

— Invariant mass of dimuon T w0 o
candidate is > 1 GeV/c?

and its p, < 900 MeV/c? or
its mass is > 2.7 GeV/c2.

8000—
E LHCb Unofficial

7000 ; \s =7 TeV

6000 —

Number of Events

[2)]
(=3
(=
o

ST

Summer Student Sessions, August 16t 2011 14



Offline cuts

* Red = All dimuon candidates passing the triggers

* Blue = Required that; the number of long tracks = 2,
number of backward tracks = 0 and the pseudorapidity
is in the range 2<n<4.5

 Green = Additional requirement that the total number
of tracks = 2

-
o
“

LHCb Unofficial
\Ns=7TeV

Events per 5 MeV/c?
o

-
o

Dimuon Invariant Mass (GeV/c?)
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Dimuon Invariant Mass Spectrum

N§ 103 P, ® Jiy LHCb Unofficial
S \s =7 TeV
o
‘%‘102
T

10

1
I [
1 10 ¢

Dimuon Invariant Mass (GeV/c?)
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Invariant Mass Distributions BasY

of J/W and W(2S)

S 500— LHCb Unofficial

° J/LIJ: % E \s =7 TeV
a

— Gaussian fit gives mean of ;
3090.9+0.3 MeV/c?

— PDG value of mass is
3096.916+0.011 MeV/c?

o LIJ (ZS): N% 305_ Dimuon Invariant Mass (GeV/c?)
— Gaussian fit gives mean of
367813 MeV/c? L

— PDG value of mass is
3689.09+0.04 MeV/c? :

LHCb Unofficial
s =7 TeV

92
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Conclusions

* We can see clear signals of {(2S), J/Y, d and p, w from
2011 LHCb data.

 More analysis needed in order to determine the
exclusivity of these events.

* |tis also necessary to calculate the efficiencies, purity,
effective luminosity and background so that the cross
sections can be calculated, o = (pN)/(eL.¢)-

* Special thanks to Dr. Ronan McNulty, Stephen Farry and
Grainne McGread.



