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&= Outline:

The LHC and You!
Readiness for data:

Cosmic running

Beam splash and early data
Expected Early results...

11/13/09 Andrew Askew, Hadron Physics at the LHC, HADRON 2009 3



11/13/09

You are HERE.
The CERN LHC
is home to four
experiments,

only three of
which I'll
mention today:

L CMS,ATLAS (R 5 %
« LHCb _
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LHC Plans/Status:

According to the
most current plan,
we are
(approximately)
here.

LHC functioning
well so far, will shut
down for 2009 on
Dec. 19%.

Startup on Jan. 4",
expect to integrate
some ~100 pbtin
2010 at 7 TeV.

Then onwards and

12/4/09

upwards (ultimately
to 14 TeV, L~1034)!

450 1e12 1el1

1TeV 25el1 25e10

I 2ATeV 3.0e10 probe

Global machine checkout
|

Essential 450 GeV commissioning

\ Machine protection commissioning 1 \

‘ Experiments’ magnets at 450 GeV ‘

| 450 GeV collisions |

Ramp commissioning to 1 TeV \

System/beam commissioning

Machine protection commissioning 2

3.5 TeV beam & first collisions

Full machine protection qualification

System/beam commissioning

Pilot physics
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When one says “hadron physics at the LHC”, it
leaves one in a conundrum:

It's the "Large HADRON Collider”, therefore
everything we do could be construed as “hadron
physics”.

More precisely though, the hadrons we study are
typically hadrons involving b-quarks (and to some
extent c-quarks).

Large rates of heavy quarkonia, though challenging to pick
them out.

Fertile grounds for exotics, tests of models, and QCD in
general.
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CMS and ATLAS are multi-
purpose detectors,
whereas LHCb is (as the

name implies) dedicated
to studying b-quarks.
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So not only do the
detectors exist on paper,

they are fully assembled
apparatuses.
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(=) ATLAS and CMS:

12/4/09

General purpose
detectors, concentrated
at central rapidities,
designed for high
Instantaneous
luminosity. cMS
Heavy dependence on .

muons for triggering on @\m a\\\
B events. i ‘/////
g e
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Inner tracking consists
of a precision pixel
detector (for displaced
vertices), surrounded by
semiconductor tracker
(SCT), surrounded by a
transition radiation
tracker (TRT). Allinside
2 T solenoid.
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Inner tracking
consists of a
precision pixel
detector (for
displaced vertices),

24m

Tracker Outer
Barrel (TOB)

surrounded by a cMs
silicon strip tracker.
Allinside 4 T u“ - \\
solenoid. R
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Vertex Locator
. VELO

bb production cross
section at V/s=14 TeV

Movable: 7 mm
from Peam in

ATLAS/CMS

100 ub e,
230 ub

pT of B-hadron

~1cm

cta of B-hadron
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20m / 10m v 0

Calorimeters Tracking System

Single arm spectrometer, dedicated particle
identification, concentrated on one section of rapidity.
Can trigger on hadronic B decays, designed for

dedicated, low instantaneous luminosity study of
beauty.
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=) Our delayed start...

In Sept. 2008, there was an ‘issue’ with LHC
startup. Vacuum and cryo were lost, a sizable
amount of He was lost, and mechanical damage
was done.

Repairs could not be completed before the end
of the year, thus LHC operations were delayed
until mid- (and now late-)200q9.

We have not been idle! Life gives you lemons...
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4% Life gives you lemons...

I'm well aware that
isn‘t how the
saying goes.
Since the initial
difficulties with
LHC startup in
2008, the
detectors have
each conducted
extensive cosmic
ray runs:

Better alignments

More operating
experience.
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Efficient tracking is
essential for displaced
vertex identification, and

"' Data for field on & off
' CMS Preliminary

efficient tracking starts N
with efficient trackers. WL e
Each of these S HH T
demonstrates R —
performance in the as o I= oo
installed silicon trackers ~ wg--mmmmmmmmmmmmm oo -
for CMS and ATLAS, " Dot
VERY good performance. ™~ = e
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=§ CMS Tracker alignment
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ALIGNED tracking is also
necessary, .o

£ F B £ T q

. . o 16} — DATA combined meth 4 2 19[— DATA combined meth 7

me ] me: i

misalignments degrade ;- 1: 1 _-
S g, 3 £ 1 mean-0 ]

. S \ E ° I RMS=100um b

oth efficiency an S 13 4 :
=0 1 =-9 i 4

§ 8 grf‘lasn=s7 L$ = § g‘:!%n:l 28'L_uTn i

L] . = 6 —— DATA before align. 4 < 4 —— DATA before align. ]
precision 1or AT : | Risssin ]
4 RMS=730um 3 [ RMS=8%4um ]

. 2F = [ - ]

Pon—e— e~ P M B . AP T\H“'_h“’
reConstructin raCkKs LR - B N
Uprad U hit [um] V pred™V hit [um

n x10°

and vertices 5 o ] S
] [To) - (o) =

. . 2 1z E

= - = ]

sing cosmic ray muons, . |

N B 3 3 og g :

5 RMS=88 um = [ AMS=201um 1

S pppf —— DATA before align. i € 0.6f —— DATA before align. =

mean=-20 um . £ mean= 15um ]

. RMS=1008 E 04f  RMS=486 =

t h \ /4 100 um - F um B
elr perrec : 1 % ;
— Eo— ]

500 250 0 250 500 -500 250 0 250 500

alignments, in advance | |
of physics running.
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ALIGNED trackingisalso [ w it /4 G
necessary, A AT
misalignments degrade 5 o j TRT
both efficiency and E o "

precision for :
reconStrUCt“’]g traCkS 0708 06 04 02 0 02 04 06 08 1

Residual [mm)

and vertices. 815000 ooy
Using cosmic ray muons, I a—

12000 p=0um, o=16um | -
1 Nominal geometry | ' Plxel

trackers are approaching okl ey |
their “perfect” 5 oo m
alignments, in advance |
of physics running.

mber of h

ATLAS Preliminary
| Pixel Barrel

!
04 03 02 01 -0 01 02 03 04
x residual [mm]
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ATLAS/CMS Muon id

Standalone tracking efficiency

12/4/09

central crack of the muon spectrometer

Both ATLAS and CMS are I |: _____ pang
highly dependent on | -
reconstructing muons
(both for analysis and

0.2] —— Up hemisphere

tnggenng) | —— Down hemisphere -

-1 0 1

Both show very good

efficiency

. . ST
performance at identifying &, i
muons within cosmic runs. o :
= CMS 2008
0.4 - Algorithm for LHC -
L Tracker tracks ]
02__ ---e---- Standalone muon tracks ]
T - Global muon tracks .
L GlobalMuonPromptTight _
008I I I0]6I I I0]4I I I0]2I I I(])I I I0]2I I I04' I I06I I I08
n
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LHCb cosmics

Over 1.8 M cosmics, far fewer than CMS/ATLAS,
since LHCb is oriented very differently.
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{ei) LHCb cosmics: RICH

400

RICHa

LHCb has two separate
RICH detectors. Different .
radiators preserve n-K L fome
separation over different B ron
momentum ranges. O e

300 F

Polar Angle [mrad]

Sadly, not that many T |
cosmics will cross either )
of them. :

|

Momentum (GeV/c)
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=9 LHCb cosmics: RICH

Ring images first
observed from s,
COSMIC ray events. cosmictrigger.
Note that in each

of these panels has ' :

many MANY 2

P ixel S, thus + RICH demonstrated to b a vry Iow-noise etector (> 10K pixel in each ofthese panels)
showing how low

o o1 -
o £ o | t i
- BT Sy o ee o8 82 : e 1 8.0 & 0. 6 7 e iniuionEn
n O I S e a d ete Cto r * Unmistakable Cherenkov rings from the gas radiator seen. Some aerogel candidates too!
] 06 .

TAREETR R 8

this really is. Sese

vvvvvvvvvvvvvvvvvv
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LHCb cosmics: RICH

Ring images first
observed from Extra

_ scintillators for
cosmic ray events. cosmictrigger.
Note that in each

of these panels has

many MANY %

pixels, thus . ' Aerogelring 1
showing how low * N
noise a detector * C.F, ring PO
this really is. I
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g LHCb TED Runs

Transition-line End Dump data:

First chance for small area detectors to see tracks,
traverse detector in “wrong” direction...

France :‘ )
SPS
| Swisse
L5537 LS5S4
7i8
L5852 :
- LSS5
S N Lssr L
N~/ SS6
N GV
PS
712 <
o /’::.‘ _______
o = -
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G LHCb VELO efficiency:

Calculate
“pseudoefficiency”:

Exclude layer from
consideration, fit
track, and search for
nit at extrapolated
nosition within the
ayer in question.

ST

Pseudoefficiency vs sensorlD

5‘1'1 &— A side R Sens: 96.6%
@ - *— A side®d Sens: 97.3%
§_051 /- Cside R Sens: 97.2%
8 _ —&— C sided Sens: 97.5%
T L
i
o 1
Q -
o g!:-ol.!,lellE.h!!.‘:lﬁH.H nea, »_e%e
- o o o0 8 Ow m_ W ~
0.95F -
0.9
Preliminary
0.857
0 8 l 1 | l 111111 l 1 | l Ll l 1 | | Ll 1 1 l
-0 5 10 15 20 25 30 35 40
Module ID
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&== Beam splash

LHC has provided "Beam Splash” events which
allow for the illumination of the highern
detectors. This particular one comes from CMS.

Arrow indicates beam direction B w o
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==y Our first hadrons!

CMS 2009 Preliminary

12/4/09

Both LHCb and
CMS have used
their
electromagnetic
calorimetry to
reconstruct the m°
peak! Our first
resonance from
collisions!

Andrew Askew, Hadron Physics
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g===8 Underlying event

At 7 TeV (and higher eventually), one of the very
first measurements that all the experiments
(ATLAS/CMS in particular) are going to have to
do is to measure the underlying event, for tuning
of the MC generators.
This is very tracker centric!
Doing this measurement doesn’t just let you tune
your generator, it puts real scrutiny on track

reconstruction (in collision environment), which is
going to be needed for EVERYTHING else.
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=8 Underlying event:

The measurementis [ ond iy ]
deceptively simple:

dN/dn
dN/dn

Particle (track) i P

MC Truth

multiplicity in different
b I n S Of ra p I d Ityl fo r Figure 7: The measurement of dN/dy in p+p at 900 GeV(left panel) and 10 TeV(right panel).

Error bars show statistical errors using 5k events. The shaded area corresponds to 7.5 - 13.5%

systematic error band.

different trigger
" . %" 1.2

conditions, and as low a ety

P as can be tolerated. :

MC charged primaries

This is much easier said e

Fate: ComastedMC

than done!

520
- 14 TeV
—||‘|I||‘|‘||‘I| |‘I|‘|‘|| ||‘||||||‘|‘||‘| |‘|Cgs
%5 2 15 4 05 0 05 1 15 2 25
n
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" J Early Data:

Have gone through many iterations of:
"We'll turn on and find the Higgs!”

"No, first we'll turn on and look for the Z°.”
When in reallty, we'll turn on and look for the

Ihy.

—
o

T
|_

g [Jbb—ubudX -
3 - o [ Direct onia -
T | B Drell-Yan
g 1F
% ........
3 O M

10

102

9 10 11 12
Mass (GeV)
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@<=y Early B results

The the first real hadron oB production cross section

physics task will be to test the Js=14TeV

detector performance with ’

well understood decays, like 00w

B 230 b
All three detectors depend on
decays of B*->J/K*, with | |
subsequent decay of JJy->uu. C B
JAp->puu will in general be one of

the first calibration samples for
detector performance.

pT of B-hadron
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ATLAS B* early result:

ATLAS, fully simulated ~ &w 4 (5o
inclusive b-bbar, 10 = [ ATLAS
pbat14 TeV. w “F F % M=52793 £1.1Me
Requires dimuon o Jooy ORI
trigger, p1*>6 (4) GeV R,
Will aim to perform o
mass/lifetime .ngo?;; Signal 1.63710.036215
measurement for - ATLAS
detector performance, ;

as well as differential TR Il
Cross SECtlon ;5 'o'.c;oé'o.oloit'o.o;;g”d.d

TS

08 001 0.012 0014
Proper time (ns) Poperfime ()
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= CMS B* Early result
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CMS, fully simulated, 10 § T
b at10TeV. £, oo
Requires dimuon trigger, i

D M>3 GeV

Will aim to perform mass/ &g

CMS Prellmlnary ]
10 pb™ —

T e et T A AT BT S RETOLA T,
53 54 55
B mass (GeV/c?)

lifetime measurement for

? +' '/”—I\: S St CI'VI'S'I;re;lr'n'lr;arvy' ;
3 10t/ \\ 10 pb™
detector performance,as 7
] ] 2 p 4 B+ J/
o - o = — )
well as differential cross 2 | -
L h. | K* with 10
I LA YA
section. L E 4 o, 0 WERD
!9.-1 o' f:— Gen \4\\\
5} F N ‘
ki (‘Jl“..’l»"l.110‘“1]51“‘2[0““215‘HAE!IOIX“SSXHL
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LHCb early results (1):

LHCb plans to use
B* as an early source —
(2fb-1) B(bb)/S | B(prompt J/v)/S

tostudy flavor o T T
tagging for B,. This
1S part of a unified B—J/yk | 942k 0.3 1.6
selection to take as

i Trigger uses lifetime-unbiased di-muons:
much as possible Lot pr>1.5Ge,
frOm data and not T7o;0a/!)tr|ggerefﬁaency(W|th mass cut)

. - Event yield after trigger and selection

S|mU|at|On. (2fb?) ~ 117k

>50% uncertainty due to bb cross-section
and BR(B,—J/y¢)
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&= Summary:

Detectors are fully installed, and as of last week
receiving some collisions at injection energy.
First goals have to be to see the performance of
the detectors with beam.

Start from tracks (underlying event), which leads to
muons (and JAp—>uu), then to B*, and then the rest

(B°,B,, B, A,...)
You'll be hearing more from us (very) soon!
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ALICE has actually

. § | ]

already submitted > :
© A A4 | +A A N

a pa pe r f or | - kﬁgﬂcrﬁﬁj—i
publication with a 3 e .
VERY early o -
measurement of - s=900GeV .
1= m ALICEppNSD a UA5ppNSD —

Underlying event. ] 0 ALICEppINEL 2 UAS5 pp INEL .
Q_ - —11 - (I) - 1 - _2

M

arXiv:0911.5430
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BACKUP LHCb VELO

VELO - sensors

- 1.3 -10™n/cm?*/year atr = 0.8 cm
-5 -10%n Jam?fyear atr= 4.2 am

QO Deslgn operation at -7 degrees

O Highly segmented; n*onn
QO 2048 strips per sensor
O Radlation tolerant. Expected ratlation dose:

12/4/09

d <en

d sensors

R sensors

=*Measure the
azimuthal angle

= Stereo angle 20° for
the inner strips (10°
for the outer strips )
= 2 regions

=*Pitch: 36 -97 um

=*Measure the radial
distance

*Divided in quadrants
*Pitch: 40 -102 um
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ATLAS CMS

than ATLAS/CMS. Ina
large way this is very
complementary.

LHCb is very different !

LHCDb
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(=) BACKUP: CMS Field maps

Required additional adjustments for scaling near
supports. Data/MC agreement now better than
2% in yoke.
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Recent circulating beam in sectors of LHC. Runinto
a target to control the stop of the beam, voila!
Splash!
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