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Outline %
Performance of the LHCb Outer Tracker in Run 1: JINST9 (2014) P01002
This talk covers preparation of paper for Run 2

¥ Introduction
<ILHC, LHCb and Outer Tracker b gaseous detector

¥ Quter Tracker Performance

<1Drift time and hit resolutions

<!The real time global t, calibration

<10ccupancies and hits efficiency

<INoisy channels

<-!Geometrical survey, optical alignment system RASNIK
<1Ageing

<ITiming of reconstructed physics objects

<IFlight time for pions and protons

¥ Summary
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LHCb performance LHC Run 2 Lu’“il\ﬁ

LHCb integrated Luminosity pp collisions 2010-2016

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2016

Run 1: 40/pb (2010)
1.1/fb (2011)
2.1/fb (2012)

Run 2: 0.3/fb (2015)
1.7/tb (2016)
?/fb (2017)

e 2016 (6.5 TeV): 1.67 /fb
2015 (6.5 TeV): 0.32 /tb
e 2012 (4.0 TeV): 2.08 /b
2011 (3.5 TeV): 1.11 /fb
2010 (3.5 TeV): 0.04 /tb
| |

2010 2011 2012 2015 2016

Year

For each 1/fb:
~28k B 1J/ 1 (up) " (KK
~2M D** 1D O(IK -K*H)#* 0

Integrated Recorded Luminosity (1/fb)

LHC is running now
Data for physics analysis in June 2017
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The tracking system at LHCb %

The single-arm forward spectrometer (a new concept for HEP experiments)

10<$<300 mrad (2<%<5)
JINST3(2008)S08005

SPD + Preshower ‘j —
]

TT
AN @
LN =
‘ \%‘\/ L
Tk |

g i ]
BEAM 1) = =i
/s "'

VELO J
RICH1 N —am
Magneto—/ r J J L B %
IT & OT K
RICH2 ECAL HCAL MUON

¥ VELO D precision primary and secondary vertex measurements,
resolution of IP: 20 um, decay lifetime resolution ~ 45 fs: 0.1 &DV)

¥ Excellent tracking resolution: ' p/p = 0.4% at 5 GeV to 0.6% at 100 GeV
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Outer Tracker %

¥ Gaseous straw tube detector and covers an area of 5 x 6 m?

¥ 12 double layers of straw tubes (3 stations, each station consists of 4 module
layers)

¥ Each half station consists of two C-frames (independently movable units)

¥ The C-frames are sustained by a
stainless steel structure (bridge),
equipped with rails allowing the
independent movement of all 12
C-frames
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Outer Tracker Modules THCY
¥ Each module consists of 2 staggered T@%@*
straw tube monolayers wee L

¥ Number of straws in monolayer: 64
¥ Total number of straws: 53760
¥ Inner diameter of straw tubes: 4.9mm o~
¥ Straw tube length: 2.4m e
¥ Glue: Araldite Epoxy AY103-1 Fot —0121M12 (*
¥ Cathode: Kapton XC %‘6‘{0&'& I
¥ Anode: Gold+Tungsten (HV: +1550V) R T R e
¥ Gas: Ar/CO,/O, : 70/28.5/1.5 % i

+e ,50121"112 L.#1$%
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Distance drift time relation %
¥ The position of the hits in the OT Is determined by measuring the drift time to

the wire of the 1onisation clusters

¥ Distance drift time relation is calibrated on data by fitting the distribution of drift
time as a function of the reconstructed distance of closest approach between
the track and wire (r)
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¥ Distance drift time relation can be parameterized as:

2
tariee (r) = (21 .3'&—' + 14.4%)ns Radius of the straw: R=2.45mm
The relation is stable through the years

¥ Maximum drift time extracted from the parameterization is 35ns
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Drift time and hit resolutions %

¥ The resolution dependence on the distance from the wire is also extracted from
the fit 1ty (r) = (2.25 +0.3)ns Maximum /t = 2.55ns

¥ The average time and spatial resolution are determined by comparing the mea-
sured drift time and hit position in a straw to the values predicted by the track fit
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Due to a background contribution coming mainly from secondary hits, the residual
distributions are fitted with a Gaussian function in a £1( range:

¥ The drift time residual distribution has a width of 2.4ns (in Run 1 was 3ns)

¥ The spatial resolutionis 171pum (in Run 1 was 205um)
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Online calibration %

| The drift time residuals distributions are used to perform the real time global t,
calibration strategy

I The calibration algorithm produces a fit to the global drift time residuals
distribution about every 15 minutes, in case of physics data

I The difference between the Data taking period: 3July-14Sept.2015
: . Lt Applied

new t, calculated with the LHCb OT Preliminary b e AP e
current calibration wrt. the : -
previous t, Is used

! The t, found exceeds a o1 E!

defined threshold (shadowed e
regions): 0.1ns (optimal, red : :
points) or 0.04ns (during 05 B  Commiwionne Stble rumning

commissioning, smaller o o | 60]0
statistics) alibration number [a.u.

| If the t, Is smaller than an upper limit, the last version of the global t, condition
has been used (blue points)

I The above strategy allows for a time alignment of the OT time and LHCDb clock
better than 0.1ns
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Occupancies and hits efficiency %

To reduce the occupancy in good events we are vetoing on previous busy events

The average number of recorded hits in the The recorded drift time spectrum

OT as a function_ of the ) E; In the previous for hits in the OT
evenjf in all calorimeter clusters . ]
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¥ The OT hits due to spill-over from the previous event:
o! if the previous event was empty then there are ~5000 hits
o! if the previous event was quite busy () E;<1000GeV) then the number of
hits increases to ~7500 hits (limit in data acquisition)

¥ When only events with an upper limit ) E.<1000GeV (loss ~7% of the events),

the effect on the drift time is mostly affected for lower drift times
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Occupancies in p- Pb and Pb-Pb collisions %

Mainly the LHC operates with p-p beams but there is also interesting part of
physics in p-Pb and Pb-Pb collisions (one month a year)

The average number of recorded hits in minimum bias
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¥ The occupancy of the OT is significantly larger in Pb-Pb than in p-p collisions
¥ In p-p the occupancy is smaller than 20%
¥ In Pb-Pb the occupancy ups to 100%
o! offline not all events up to the highest OT occupancy are used, go up to
a Pb-Pb centrality of ~60%
¥ In Pb-p the occupancy is smaller than 50%
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Noisy channels Lu’“%
To identify channels that have an OabnormalO level of nois@ark pulses from the
detector, bad FE-electronics shielding, or bad grounding) the hit occupancy is
determined for increasing values of the amplifier threshold (nominal value is 800mV)

- Typical noise occupancy Example noisy module
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¥ A noise occupancy at the level of 104 is observed at nominal threshold

¥ At the nominal threshold of 800mV only 0.2% of channels exhibited a noise
occupancy larger than 0.1%

¥ Completely negligible for data taking in Run 2 as well
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Geometrical survey %

The correct spatial positioning of the modules is ensured in a few steps:

1)! The design and construction of the OT detector guaranties a mechanical
stability of 100pum in x and 500um in z directions

2)! By construction the anode wire is centered within 50pm with respect to the
straw tube

3)! The modules are fixed to the C-frames at the top and the bottom, with
tolerances below 50 um

4)! After installation, the position the four corners of the C-frames were adjusted
within £1mm of the nominal position

5)! Finally, the positions of all modules are determining using dedicated optical
alignment system RASNIK continuously (during breaks and data taking
periods)
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The RASNIK results e
¥ The x and y positions of the

bottom C-frames vary within Bottom inner corner of C-frame of T2
- S e T
~200um s s e e TR -SRVE S S
¥ Precise RASNIK data for x Gzz"ﬁewemlon“ T yew‘e\mlan.\]
positions of C-frames show 62 Fpacsi T e A TN jagl-—¥_ i Dl ML
how the OT mechanical 618t LB O S DO SO IO { £
system slowly attains the SO S O N | £ N S T R ;
equilibrium state after SR N BT (| 5T el (bl ot b |
Interventions Apr -|Nov 2016 Apr - Nov 2016
¥ The intervention in T3 on C- Ton riaht ext I
: : : op ri exierna .
side caused shifts ~70 um in Cofne? o o T2 Bridge movement
horizontal x N e e 1 s mannis: B | B s s poome
. £ 0 : : : '] E ! : : : b
¥ The changesinz ~100 um X ~ P ]
are caused by the movement 468 -
of the bridge wrt. floor - \ E : -
45.6----magnetoff ;||
¥ After switching on the R EE S AR S
magnet, the bridge moves SPPEN SN PN B S I B |
back to the previous position 14 - 16 Sep 2016 Apr - Nov 2016
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Measurement of ageing Lu’“%

¥ To deduce the relative gain over the years, dedicated runs take place (during
LHC operations) in which the amplifier threshold is varied per layer

¥ The two P°Sr source are used to measure gain, response to radioactive
source for each straw channel for each position along Y

Average gain as a function of

NIM A685(2012)62-69 Irradiation the delivered luminosity
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¥ Results are consistent with no sign of gain loss (vary within £5%)

¥ Also the inner, outer and lower parts of the detector are analyzed separately;
no different trends are observed for the different region of the detector
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Timing of physics objects exploiting the OT ﬁfﬁ%

¥ A single track has multiple measurement points in the OT
¥ The mean number of hits per track lies at 18, with a long tail to the left

The number of hits per track for The uncertainty on the time

«10° the track time calculation 116¢  per track
R L e e e i 400 1 — =
#0F 1 HCh OT 2015 E agob. LHCb OT 2015 RMS: 0.06 ns3
400 & = : 3
3505_ Mean: 18 _ 3002_ Mean: 0.57ns =
300 E = 250F 3
250F° E 200F E
200F E 150F -
150 & E : E
100 ;_ _; 1005_ _E
50 & = 50F E

%o 10 20 T30 % 05 1

# OT hits / track Track Time Error [ns

¥ For each point the drift time residuals are calculated

¥ The track time resolution is determined as the weighted sum of the errors on
all individual drift time residuals and equals 0.57 ns
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Flight time for pions and protons Lu’“il\ﬁ

Z 9 N B B

¥ The velocity of particles created in pp can % 3 E

mostly approximated by the speed of light . | E

© 6 0.5ns shift for 5GeV (close

. S to track time resolution)

¥ But heavy low momentum particles can 5 4 E

velocity sufficiently lower than light and g 2 E

they have a significant shift in the arrival D E

. S e E
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¥ For protons the shift in the arrival time is The distribution of track fimes

about 0.5 ns at 5 GeV from pions at the in data with p < 7 GeV
center of the OT (about 8.5 m) 0AF T T T v T T
[ LHCb OT 2015 [JProtons
0.08— P <7GeV [lpions

¥ The difference (visible by eye) in the track 0.08F
time distributions between low momentum ,,,f
(p <7 GeV) pions and protons can be
used to help in identification of these

particles Of——= it e
1 4 12 L 2 4
O.I5ns Track time [ns

0.02f
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Summary and conclusions ﬁfﬁ%

The performance of the OT LHCb detector was stable in the entire Run 2:
¥ Ageing is consistent with no gain loss within 5%

¥ Only 0.2% of channels exhibited a noise occupancy larger than 0.1%
(completely negligible for data taking)

¥ An optical alignment system RASNIK measures that position of all modules
are stable up to £200um

¥ High efficiency drift time (2.4ns) and spatial (171um) resolutions

Future:

¥ LHC is running now and data for physics analysis in June 2017
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Distance drift time relation %

The OT measures the arrival time with respect to LHC clock (T o)

" T oiision the arrival time of

distance from track to wire the signal corresponds to

lrack the time of the pp collision

TR! relation

t,.; the time of flight of the
particle

tyir the drift time of the

T
prop tee electrons in the straw

collision tt
of

t,op the propagation time of

f the signal along the wire to
® > the readout electronics

. t-e the delay induced by the
-Elock -IylzoEck FE electronics

1:TDC — (Tcollision | clock) + 1:tof + tdrlft + 1:prop + 1:FE

b FE
To = tre ! Lojoek
ltpc = (Tcollision ! Tclock) t o+ lior + tgrie T 1:prop Letock = Teonision — Telack

A.Ukleja Tracking system at LHCb 23/05/2017 ]



Ageing Dradiation tolerance LHHC'}%

NIM A685(2012)62-69 Irradiation
Source

¥ Using two °Sr source to measure
gain

. Scanning source

¥ Measure response to radioactive RLRPINE

source for each straw channel for e

each position along Y

O0000000000
00000000000

¥ Test at each technical stop of the
LHC with irradiation source

¥ Short irradiation tests during
technical stop

¥ No sign of aging within £5%
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