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Beams and first collisions

Andreas Hoecker (CERN) on behalf of the ATLAS Collaboration
CERN seminar “LHC, week 1”, Nov 26, 2009
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Nov 20 - 23: beam history from ATLAS perspective

Friday, November 20:
~ 20:30h: beam-1 threading > 6 beam splashes to ATLAS
~ 22:30h: beam-2 threading - 7 beam splashes to ATLAS

Saturday, 21 November:
~ 1h: beam-2 splashes to ATLAS - 27 events (side C)
~ 4h: beam-1 splashes to ATLAS - 26 events (side A)

Sunday, 22 November:
~ 6h: 15 splash events to test beam abort by BCM - successful

Monday 23 November:

~ 6:30: last series of splashes to ATLAS—> 25 events (side C)
~ 13:30: two beams injected for collisions at IP1 and IP5

~ 14:22: first ATLAS collision event seen

| Candidate
| Collision Event
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Detector fully operational

ATLAS DETECTOR CONTROL Setup for beam commissioning

- Pixel off
- SCT (standard bias voltage 150 V)

« Standby Vis 20V - ~50% hit
efficiency (increases with
incidence angle)

* Barrel and endcap increased
to 50V for short stable beam
periods during collisions

ALFA ?7? 777 BARREL A
BARREL C
ENDCAP A

ENDCAP C

ZDC

DSS w
SAF sniFreRs . %

COOLING
ZNVIRONMEN1
RACKS USALL

RPC SIDE A
RPC SIDE C

S9IIAIDS
CSC TGC RPC MDT

< BARREL .
Ry -§ - Barrel voltage sometimes
G enocara .§ lower than 20V for beam set
ENDCAPC
L et .§ up (eg. splash events)
I~ ENDCAPA
ENDCAPC
- All other systems ON
EMBC
=4 i ) ° .
5 Ig - No solenoid field, toroids ON
HEC FCAL C %
Lo .§ CSC running in separate DAQ partition
T e 3 for rate tests
g bt v e Rl e
RACKS SDX1 Solenmd A CSC SIDE A -S

E
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1st Beam Splash
from Beam-2

Beam splash events

Avalanche of scattered particles /, / ""*' Z
from beam-on-collimator hits
Detectors fully lit, typically

» 300,000 SCT hits

* 350,000 TRT hits
(~all passing high-threshold)

» 3000 TeV calo energy sum
* 490,000 MDT hits

« 320,000 RPC hits

* 65,000 TGC hits

QATLAS
a B PERIMERNT

2009-11-20, 23:32 CET
Run 140370, Event 2666
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We were very excited...

\




— /’l

But som@s‘cayed coel and concentrated







Indeed ... why do it again ? Timing and beam-abort tests!

« Triggering on splashes: ATLAS received and triggered on 106 splashes

Correlating ATLAS Beam Data with the LHC Logging DB
= 1_2'_'w"""'"""'""""'""""""""""'L ------------ ATLAS 'beam-splash’ event
§ B g oA ~n PN oo A D _| =——— Beam-1 loss monitor before ATLAS
o 1 :'_g &%’5’&%@&’.&@%&&%&&&&&&& AR PAT PRy ~| = =—=— Beam-2 loss monitor before ATLAS
g — N T I I I I O O A S ; — = Collimator position for beam-1 (1 = open)
e ] | _| = ——Collimator position for beam-2 (1 = open)
> 08 —+ | ] Relative beam intensity in transfer line TI2
§ Ell | —| ——— Relative beam intensity in transfer line TI8
S 06 [ |
5 N Ll |
c - _]
E O I 3 Thank you LHC —
2‘ — ] ’
g 02 = we've taken them all !
o) —| —
S
< C= HAH+H - H e !

97.4'5l 775 77.55 776 77.65 77.7 7775 77.8 77.85 77.9
UTC time (hours) starting from Nov 20 2009, 00:00:00
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Indeed ... why do it again ? Timing and beam-abort tests!

Beam splash events also measured by ATLAS very forward
detectors (LUCID z = +17 m and ZDC z = +140 m)

— Forward Detectors

‘ Time Range 'I Y Axes '[ Save l Other '[ 11 ]D log [ auto
LUCIDA 050  11/25/2009 11:31:09 AM.432 [%/ LUCIDC 0.00  11/25/2009 11:31:09 AM.432
%X ZDCA 0.00 11/25/2009 11:31:10AM.479 (%] zoc C 0.00 11/25/2009 11:31:10AM 479
=) QT
Cml N
§ g - ZDC C
8" 8,
) -— & L
o - - -—
o ;g__ B L b ZDCA
- 58 oo e b e bl e kb st o vkl e Ll Ll bbbl s e l“a. R -
g S S - 1 l.l | I l LUC'DA
Y -— = S bl fugl iyl g el l MR PR R N NN -
1 lll"l"l‘l_l' 1II I ]—rTT i IIII L) I—I'r T IIIII
05:40:00 AM 05:50:00 AM 06:00:00 AM 06:10:00 AM 06:20:00 AM 06:30:00 AM 06:40:00 AM 06:50:00 AM LU C I D C
11/23/2009 11/23/2009 11/23/2009 11/23/2009 11/23/2009 11/23/2009 11/23/2009 11/23/2009
11/25/2009 11:31:09AM.129 LUCIDA 0.50 LuUcib C 0.00 ZDCA 0.00
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Indeed ... why do it again ? Timing and beam-abort tests!

Beam abort test using dedicated diamond Beam Condition Monitors
was successfully conducted on Sun, 22 Nov at 6:34, and no fake abort!

Total number of All BCM hits in Low gain channels vs bunch number (full buffer)

5:_ Lowered threshold: 6:34:30

[ ~2-25MIPs

£

2

i

0: PO S T TN SN WY TR (NN SN ST ST SN NN ST ST SN S\ NNN'Y S04 SO TN (N SN S SN S S S S S . |
0 500 1000 1500 2050_/ 2500 3000 3500

Bunch number
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Timing studies with beam-splash events (Inner Detector)

e |Inner tracking systems:
- SCT already well timed-in from cosmics and known cable lengths (better than 2 ns)

- TRT boards timed-in to better than 2 ns

Beam-1 arriving from A-side: timing as TRT Barrel: plot made with collision timing
collisions for C-side, but wrong for A-side - sensitive to ToF effect on Inner Boards !
——:g :l 130; LI I T 1T 71 | L I T T E T T I L I L I 1T | I: lg 1000 E
qé 0.5 Ew- 350 — E o
= : -~ 37 a
© L 200 —— _ =
S04 . o - 500 g
T s 150 —— : m
(72] - 400; 100 —— ]
L(C) =N 0 3:_ -sooi— 50 ]
~ - a5 0 : —— —
: QQOO -600 -400 200 0 200 400 egotm:)oo E_.__._ : 0
0.2~ . . =
- C-side A-side
01 = -500
i._++_._—o-+++_._' ATLAS preliminary 5
— Co v v b v v by v by vy i Lo b b by T
8 6 4 2 0 2 4 6 8 -1000}, e |
Endcap disk 1000 -500 0 500 1000 S

X [mm]
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Timing studies with beam-splash events (Calorimeter & Muons)

LAr Timing: MDT Timing:
After 2008 beam-splash data taking and Synchronize all chambers at a given z
analysis of many millions of cosmics using the synchronous front of splash
events, timing good within a few ns particles and the very large particle flux
" { Entries 888 E 200 —— Barrel Inner
- EM barrel Mean -0.09316 g [ Barret Middie
w —=— Barrel Outer
10" RMS 0.7565 J g 150 —— End Cap
:' 2 f
ic 100—
" ug :
10 E [
F F 50—
: 5
ATLAS o
1 preliminary i ATLAS preliminary
.;;‘ S | S e sy s | sy 25000 -20000-15000 -10000 -5000 05000 10000 15000 20000 25000
ns Z Position [mm)]
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Timing studies with beam-splash events (Calorimeter & Muons)

LAr Timing: MDT Timing:

After 2008 beam-splash data taking and Synchronize all chambers at a given z
analysis of many millions of cosmics using the synchronous front of splash
events, timing good within a few ns particles and the very large particle flux
F { Enlriei asa ] @ onn[—=— Rarral Innar I

ATLAS now well timed in for collisions

Tim

50

III|IIII|II

1. preliminary ATLAS preliminary

|||||||||||||||||||||||||||||||||||||||||

0 25000 20000 15000 10000 5000 0 5000 10000 15000 20000 25000
Z Position [mm)]

ns
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v i \ =5 25 gl L
Single beam, two beams,
two synchronised beams,

colliding beams, collisions ?

Candidate
Collision Event
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LR |H{ |IH T

U ATLAS

2 EXPERIMENT Beam Halo Event

2009-11-21, 00:17 CET
Run 140370, Event 2780




We were lucky - shortly after colliding beams
were announced, at 14:22 an interesting
event appeared on our screens




CATLAS
" EXPERIMENT

2009-11-23, 14:22 CET
Run 140541, Event 171897

Candidate
Collision Event




Two beams in the machine, how to detect a collision event?

« Trigger synchronized with beam pickup signals (suppresses cosmics)

e Separation of beam-related backgrounds and collisions via timing
measurements on A and C sides of ATLAS (ToF)

o 16 Plastic
WLS fibers % 4 Scintillators

- Use minimum bias scintillators (MBTS) in forward regions
(use also multiplicity)

- Use precise Liquid-argon endcap calorimeter timing

LAr calorimeter:

MBTS: At(A - C) ATLAS preliminary At(A - C)
N 200 f .
- - Mean: 1.1+0.1ns
> 3 — two beams E ATLAS igma:
w :Zgz_ 80— preliminary Sigma: 1.5+0.1ns
* 1405_ — Singie beam 1 -
- —— single beam 2 “i
120:— r
80 '
- 20
60 Az ~ 9m
40— 10!
20F - J J L
- { Ad "'[L"ll ool A 1 1 1 A o Fote 11}‘"“"" Al
0 -40 -20 0 20 40 % a0 30 20 -0 0 10 20 30 40 50
ns Time endcap A - Time endcap C (ns)
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Two beams in the machine, how to detect a collision event?

Can also use TRT timing

A beam-related background event
coming from beam-1 (A-side)

—> timing is “wrong” for A-side

A collision event
—> timing is collision-like on both sides

CERN — Nov 26, 2009

7 3
© g C-side A-side 3
E E =
§) 605—+ . . 1 beam
e L S _7
g) 55E . *¢¢¢*. ¢+¢¢0’ . ‘* / E <€
£ 50 - \\t\* —
E . “, :
TNE RACAIE
£ 40F ATLAS preliminary P
> — L L L L L L \. -
< 300 2000 1000 0 1000 2000 3000
z [mm]
— = L 7
n 70— —
L. E Run 140541, event 171897 -
O g5 —
g — + _
o 60— + 4 + + + —
D El¢ ++ + + ++ ]
8 55 }*}- -++-+-+- S +-¢+++*- -+- -------------------------- -+}-+-+ ----------- =
o F } ) E
é 50— -
© = ) -
= 45— ]
o F 7
2 E =
5 “E ATLAS preliminary E
< oo 2000 4000 0 9000 2000 . 3000
z [mm]
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Candidate
Collision Event

T )
i \
A ,;\_l‘ © g

L

e
=
N L 4

b

SUATLAS

’ A EXPERIMENT
2009-11-23, 14:22 CET

Run 140541, Event 171897

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html
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The ATLAS beam pickups showed a phase inconsistency of 900 ps
causing the primary vertex to be shifted by -13.5cmin z

Based on this information, at around 14:50, the LHC operators performed
an RF cogging to correct the z positioning of the beam spot at IP1

Before RF cogging . After RF cogging
.. Applied shift of 900 ps
providing vertex shift of +13.5 cm

ry \ . i~
Measure P1:delay(C2) P2:delay(C4) 3:5kew(C3,C4) Measure P1:skew(C2,C3) P2:.delay(C4) P3:phase(C2,C3)
value -398ps -5.445ns 335ns value 93 ps -5.453ns

Beam pickup scope shots, beam 1 & 2 Bunches stable within 20 ps (RMS) !
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Can we prove that our background separation works?

e ATLAS has taken data before and after the RF cogging

e Must observe shift in z, of tracks if indeed we select collision events!

CERN — Nov 26, 2009

Offline track Z, [mm]

ATLAS — Beams and first collisions

@ 20T L L N LR L s Track z,
& 1gf- ATLAS preliminary Entries 65|  distribution of
= [ Candidate Collision Events Run 140541 Mean -45.38 |- o
- Z collision
2 16 LBk <140 RMS 93911  candidate
= - T ®—— LBN>145 - .
O 14 N trackhits>10 BN Entries 4914  gyents taken
© 2:_ Nger track hits = 6 = Mean -163.8 E before and
8 1 E ldol<10mm == RMS 58.18 E after RF
g 10 - cogging
b 8'_ .
- 4  Observed
6 4 shift: ¥12 cm
4 -
o = L =
-400 -300 -200 -100 0 100 200
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Looking at
properties of
collision
events




Properties of collision events

e Sum of calorimeter transverse energy compared to random events

Total energy in calorimeters (clusters) COIRSIONCANd|dates

102 —~ Entries 210
3k = ATLAS preliminary | Mean  8:8GeV
I | RMS 5.2 GeV
g B noise Random Trigger
— B - Entries 109224
0 - - Mean 0.1 GeV
o H f ]l RMS 0.6 GeV
o i
@
N B -
g [ } * r t
£
S
5 |
-

1 — *
: 1 1 1 I 1 1 1 I o111 l 11 1 1 l 11 1 | l 11 1 1 I {0 . I 11 411
-10 -5 0 5 10 15 20 25 30
TE, [GeV]
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Properties of collision events

e Missing transverse energy components compared to 900 GeV minimum

bias Monte Carlo (solenoid field ON)

ATLAS preliminary
2 I T T T T I T T T T I T T T T I T h_Topo_METx
107 Entries 210
F900GeV MinBias collisigns Moan " -0.0619
- RMS  1.234
-900GeV MinBias MC
10F —
1 :_ —:
C I 1 1 1 1 1 1 1 L 1 1 I i
10 5 0 5 10
METx (GeV)

10°

10

ATLAS preliminary

h_Topo_METy

©900GeV MinBias collision
©900GeV MinBias MC

TTTT
L

1

Entries 210
Mean -0.07143
RMS 1.376

-
o

1
&

0
METy (GeV)
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Tracking (challenging w/o Pixel, limited SCT and solenoid field off!)

« Without solenoid field no separation of tracks by momenta

o Fit impact parameter in a “silver-plated” sample with SCT >= 20V and

number of SCT hits >= 6 (46 events)

ATLAS preliminary The impact point

is well centred in
ATLAS!

Arbitrary Units
e e @
N % %

rlllllllllll

e
-

0.08

0.06

-%0 -40 -20 0 20 40 60
DO of reconstructed tracks (mm)
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Scatter plot of hits on tracks (barrel, 46 events)

III|IIII|IIII|IIII|IIII|III

ATLAS preliminary §

mm

1000

500

-500

-1000

III|IIII|IIII|IIII|IIII|[[[

III|IIIIIIIIIIIIIIIIIIII

III|IIII|IIII|IIII|IIIIIIII

-1000 -500 O 500 1000
mm
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&/ A di-jet candidate
[ 2 - N

Wiy
]
RN \Q\‘\K\'\'{\U_Nﬂml

Two jets back-to-back in ¢, both with
(uncalibrated) E; ~ 10 GeV,

n of -1.3 and -2.5,

~ no missing E;

Triggered by MBTS A/B in time, several hits
Also triggered by L1Calo EM3

Average trailing edge time [ns]

Run 140541, evef]t 416712 ATLAS preliminary

" Verify that TRT timing ™
consistent with collision

-1000 1000 2000 3000
z [mm]




How much luminosity did we collect? Naive estimate

o With a tight calorimeter-based timing selection, cross-checked by the MBTS and

TRT ToF measurements, we have identified 197 golden collision candidates from
run 140541 of Nov 23

« We separate this sample into 2 parts (afternoon=A, evening=B) of different
beam conditions

 From Monte Carlo (solenoid field on) we find that the selection efficiency,
including trigger, for inelastic and diffractive minimum bias events is about 70%

o Using as total minimum bias cross section of 58 mb (40 mb inelastic, 12/6 mb SD/DD):

Number Average Average inst. Integrated
of events duratlon rate luminosity luminosity
54 mins 0.03Hz 0.5x10*%*cm?2s™! 1.5 mb™

“ 136 46 mins  0.07 Hz 1.2 x 1024 cm2 s 3.4 mb™

Cross checks:  « Assuming that e=0% for SD and DD - increases luminosity by 10%
» change inelastic cross section to 34 mb - increases luminosity by 15%
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Final words ...

ATLAS welcomes the beams - experiment and collaboration
are ready for physics!

What | did not mention: the data acquisition system, prompt
reconstruction and the worldwide data distribution worked
smoothly with collision and the huge beam splash events.

First collisions at 900 GeV have been recorded, and were a
phase transition for ATLAS.

We are looking forward to lots more data, with the solenoid
field on.

Again, thanks to the LHC team for a spectacular restart !
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... and a final toast !




