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2006: Magnet Test & “Cosmic Challenge”

= MTCC: Inside CMS Assembly Hall (surface) Summer/Autumn 2006
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‘ . . . . .
CMS ‘07 Commissioning Highlights
= Systems Integration 12 -[ e o CSC (0 HY) Fnl DAQ
* Power, cooling, HE RPC L1 Cal+mu trigger
detector electronics, 104 ™ h‘é}m' : E? ””ﬁ
trigger, DAQ, HB M HF
run-control, slow- g_| M TrkFEDs/RIB Reached soale m
control only 1/2 year after st concidence * MTCC 08 I
. Automated, 6 MTCC but this of 2 subsystems  HCAL Outer (HO)
procedures q final DAQ ker Fr ds -
— First cosmic software
o Pre-synchronization muon trlggers architecture apm (CSC)
(cosmics triggers) , | Firt E'°'Ja' R
runnlng since Bar rlft TU
= Demonstrated Level-1 Nov. 2006 I
triggers from all muon .Vard (H) | |
detectors (DT, C¢ May June July August  September November
RPC) and calorimeters Increasing complexity of the
(ECAL, HCAL) 2007 Global Runs
" Deployed HLT filtering Next: With final Tracker, ~100% of
= Life data flow to Tier-0,1,2’s CMS, with magnet on, ... collisions. _

n |ntearated real-time maonitoring
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Some CMS Commissioning Results...

ResxinMB1 CMS Preliminary Resxinms2 CMS Preliminary
1| innermost |20 000 -
] 2nd station:
10 000 chamber: 50¢) /
5(x)/ cm | 16000 - (x)/ cm
8000
6000 12 000 —
4000 =M
2000 — J L 4000 J
0 | | I | | 0 | | | | |
-04 -02 0 02 04[cm] -04 -02 0 02 0.4[cm]
ResxinMB3 CMS Preliminary resxinmea CMS Preliminary
” 40000 ~ 1| 3rd station: Outermost
z : d(x)/cm |12 000 - chamber:
Cosmic m.i.p. signal LEmS O(x) / cm
- : ~
in ECAL (DT trigger) 0 8000
Up to end of 2007: 10000 4000
Synchronized triggers from j llk j
parts of all trigger detectors 2 ] 0 '

| | | [ [ [ [
-04 -02 0 02 04[cm] -04-02 0 02 0.4[cm]

(CAL & Muon). Parts of all
in readout, except Tracker ~ First results from cosmic data: single-hit resolution
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Physics Commissioning with
the first Collision Data



Likely LHC Startup Scenario

= Approximately 30 days of beam to establish first collisions

» Pushing gradually one or all of:
* Bunches per beam (1 to 43 to 156)

* Squeeze
* Bunch Intensity

IP1&5

Min. bias rate

55 in ~10% xings

20 kHz in 5.10°

60 kHz in 5.10°

200 kHz in 5.10°

400 kHz in ~107

Bunches B* l, Luminosity Pileup
1x1 18 1070 1027 Low
43 x 43 18 | 3 x 10" | 3.8x10%° | 0.05
43 x 43 4 | 3 x10% | 1.7x10% | 0.21
43 x 43 2 |4 x109 | 6.1x10% | 0.76
156x156 | 4 | 4 x10"9 | 1.1 x10%" | 0.38
156x156 | 4 | 9 x 10" | 5.6 x10° 1.9
156x156 | 2 | 9 x10"1° | 1.1 x10% 3.9

2MHz in ~107

4MHz in ~107

| dt:

(each step takes about 1 week)
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Towards Precision Measurements ...

Fermilab 3SC

CERN | LHC l

Huge statistics for
SM physics:
“Minimum-bias” | ~ 107 W/ evts/100 pb-"
~ 108 Z evts/100 pb-!
High-p; QCD jets |~ 10° tt evts/100 pb-'

1mb—
CDk

UA1
T1ubi . Ojet

Alignment/Calibration:
« ECAL uniformity

» e/»E scale

« HCAL uniformity

o(tt) ~ 100 times larger | . jet-F scale (JES)
than at the Tevatron « Tracking alignment

* Muon alignment

E,>025TeV _

W, Z production

ow-»fv)y—___ CDF (pp|

1nb |- .
UA1/2
PP

Myop ™ 175 GOV —_ Gluon-to-Higgs fusion (light)
1pb = 1 =05 Gev Squarks, Gluinos (m ~ 1 TeV) [
- me 1T Improve
* O higgs _ Early data: P
[T Glev T Z—ee, Z—uu, QCD jets,
| L . e
0.001 0.01 0.1 1.0 10 10 Z/yrjet(s), W—jin tt, .. g
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Charged-Hadron Spectra

7 T T

= One of the first measurements to be 0.4<ii<06 =
done: charged-hadron spectrum ﬁ‘ LLL d?N/dydp

&5
* Never before explored at Vs >2 TeV £ _
 Important tool for calibration & sl . — Simulation |
understanding of detector response §2 i GLIH © "Data’ ﬁ
» Min-bias and/or Zero-bias trigger L e |
Sation T
= Statistics: ~ 1 month (at 70%) with ¢ J ' ‘
' I A< 1|1 < 0. | e K
1Hz allocated trigger bandwidth 27 | - e
€ [ poimnay | R s S o4l 'ﬂ 'ﬁ"’a;Ki .
S |k opt I ke P
gﬂs It 18 10*8"° | g 1* % 03 p— ]
=h B s [ . A £ |
> 1 2 [T : 1H ) Jo AT, L
) b H 5 | “ H £ 02 i %o i
!g i‘.llllllll...hl —;1N% s —;101 &1_35 B&&E;ﬁj | ]
1H] ' 1 EMs Preliminary e
'CMS Si-Pixel | . CMS Sl Strlp i o Lpimulation . :
01 110 Y o1 1 10 9 1
pr(GeV) pr(GeV) p.(GeV)

Ner=e
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Event Structure: Underlying Event

= Measuring the underlying event activity
« Observe d°N/dndg
and d?pSUm/dnd ¢

Look in
region L
to jet
activity:
transverse
region

— Important ingredient for jet & lepton
isolation, energy flow, jet-tagging, ...
— sensitive to test multiple-parton

“1A0|<60°
_ /1a0j<60

<

Leading jet

'
'
|

/)

““away” region”’
|Ad|>120°

%

Ad

Toward .
| At |< 60

interaction (MPI) tunes of QCD ...

_dN

dndg ¥

¢'J et-Track

10

RECO
Pythia 6.227 T
P, > 900 MeV/

une DWT
i m

Tran

MS Preliminary

dPsU™
dodn

vs ¢

sverse regior

RECO
Pythia 6.227 Tun

P > 900 MeV/

e DWT
ciml<2 | .

10

10 QM§_ Ptjglgmmary

-150

—— MB

—=— Jet20
Jets0

—=— Jet120

Luminosity of 1 pb™’

Trigger
samples

Luminosity of 100 pb™’

MB

; — Jet20

Jet60
— Jet120

(uncorrected)

100
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Jets at the LHC

Data-driven method vs. MC-truth:
~ 04r
3 0.35 CMS Preliminary
1: 0aE ICone,R=05 Inl<14
B oz from E; asymmetry in
S 020 di-jet events (soft-
S gqs radiation corrected)
2 e g
- w
8 01 e e ®
Q o5t - Asymmetry method
m ; —9|— MC I1:::'ulh rel:solulion | | |
% 100 200 300 400 500 600 700
my, int— bqq’ Average P, (GeV)
G) i | ' ] N
© [ CMS
®) .. 7
? 6000 4 Preliminary- _ ;
> 1 1 “generator
Ju it | jets
24000+ f L5(CORR+FLV) L
© E{:;S 53.4 4 Mean: 85.4 1My with jet
[RMS 102 IR |corrections
2000 .
O 50 100 150 m, (GeV)

noise contrib. ¢, (GeV)

>

O

c
Q
O
4=
L

N
.

_ATLIAS | . QCD di-jet events E
121 o-Tower ’?‘S Seeded Cone R = 0 7 ]
10 * Cluster jets \NG(% _E

B_ ((\ 0 ]

) ]

S \6\6“ AR

oo — \(0«\;2‘5 E

o S ]

2E ,____.;f”” \6\6 AV f

Qo8 T s T2 s 3 T hs 4 as

n

TEATLAS , sssearesessesssnsonsgrossngens
s

o R N

[ o Jet efficiency from VBF- ]

— o - produced Higgs events:

- oo . Seeded Cone R=0.7 1

:_ o - ARmatching < 02 _:

L . o Cluster jets -
OZ 3‘" + Tower jets i

0O 20 40 60 80 100
Truth-jet p; @
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From B- Taggmg

(L beam)
track

—_
=
|

ATLAS | — significance d, /o(d,)
— all jet tracks — Likelihood
— also 3D, vertex finding ...

Arbitrary units

N.B.: Life-time b-tags work even

||§ :' axis with misaligned tracker
dy e udsg | b-tag efﬂmency with independent
\ S || (from tt) sample: semi-leptonic bb
(dy<0 if track 1 0 1
crosses jet-axis on @ dy, (mm) " Use p-jet + (tagged)away-Jet samples:
opposite side of IP T M trath) T
) Measure eff. % 3 +§Zﬁiflt:§ ((p réi“rgas)ed)
Algorithm for with first data 2 *% +_Sy_stem8(smallest MC

rather than W *"F dependence)

combined = o7
. (1_)‘ A ]
2"dary-vertex trust MC only: 2 u }ﬁ ;
. | 5 ]
ta n 3 0.6F ' ' -
. 9g1ng . i Tested 0.55F +
(incl. topological g methods Y £ O O E
& kinematical 10% developed at 0_;55 CMS preliminary 11 }pbil _g
F Stat. errors ony _ E
ObSGNableS) 1;—. ; Ljr,lrlnn*]_‘ the Tevatron TR TR TR VTR TR T 22|0 240

-2 0 10
Combined tagglng dlscrlmlnator Jet p [GeV/C]
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.to Top (Re-)Discovery

Event selection (ATLAS):

F-tag £=100pb| | gepton-

. _taqai : : ATLAS
. gojel?[StaV?llgtlf?g at start-up L1>.|5°§_ Preliminary tagged {t
max(Zpr) — M/J/ o signal sample
- W+n Jets (Alpgen) perfect t(_)
isol. Iepto g eV | pT>4ojGeV m; .* .' validate
gee /// b "no sl i 1 -:-. ":‘II; -"i b-tagglng|
\)’ ET > 20 GeV JJJ (GeV)
Use this tt sample to m(t. .4)
) had
« complement ¥ Z+jets sample _
for JES correction: W—jj in tt P
» study b-tagging MC@NLO,|
TO O 7
Ultimate aim — after JES and with wrongvbv
b-tagging — for 10fb-: : e
Statistical uncertainty: 0.05-0.2 GeV i

100 160 Z00 20 308 3ISC 400

Systematics: 0.9-1.6 GeV N.B.: fast-simulation studies, | top quark mass
QCD is likely not well modeled. | (2
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QCD High-E+ Jets

= Jet-E scale will dominate error:

* ~10% JES uncertainty for 10 pb-
* Measure QCD jet-p; spectra up to 1 TeV and beyond
« Contact interactions: large rate at o

high-p., with 10pb-' sensitive to 3 TeV
scale C.I. ...further use di-jet ratios, m(j) ...

> 106 [ T T [ I T T T ] T T T [ T T T I T T | T T I T T §
<) ° 3
O [ ] QCD & 10% energy error band i
Q10° @ E
E A < A* =5 TeV contact interaction 3
P -
‘d-.) 10 ® 0 A" = 3 TeV contact interaction _;
¢ -1 ]
10° & |Jetn|<1, 10pb |
® 3
102 4o E
3 é : O 0 o o o ;
% ) & (4] & 0 o 51
10 3o E
T ® P o an 3
CMS Preliminary @ Tt
1t Gen-Level Simulation e, .
| | 1 1 L I 1 1 1 | 1 1 | | | 1 1 I 1 1 1 | 1 | 1 I
200 400 600 800 1000 1200 1400

Jet P; (GeV)

Fractional difference

10 pb

CMS Preliminary -
Errors for 10 pb™" -

10% JES
/sys. err.

UJ

-0.8f— CMS Preliminary

—1 o e by by ey By Loy b I b I
0 1000 2000 3000 4000 5000 6000 7000

|
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835__ LO Calculations
- |+ acp
g 3 L | ====-=- Energy Err (10%)
":_J 25 = PDF Err (CTEQ 8.1)
O FE | === A*=13TeV
c 2r
9 | == A'=5TaV
01.5
= - [Jdetn| <1
5 £ etn| <
So.55"
o
g OF
@
L‘I:—U.S_
D -1
E ’
O osf 2 TeV q
T\
9 0.4;_ 5 )
k5 M__JJLL H J
GJ 0F - | I] I l H —L"
P £ 11““ I
(3 .a,;:_ l l I
Q—_M: QCD Statistical
E “E Errors tor 100 |:i|:;1
QO -o0sf
o

excited
quarks?

Di-jet mass




Missing Transverse Energy

—

e’

GeV

Updated results from pTDR with S F W acD sets (60 <py<1120Gev)
realistic detector simulation 8355 A SUSY
(eg galns from sourcing, etc) —80E Oy 10 A
60T AMUNMMLARRE RaRs nans 825  0A-m 10 3
CMS Preliminary 1 E>§ - B
50 F QCD di-jet events ] L =0 _ _ :
80 < p < 800 . ©15F with refined S
40 - 4 i Job- calibration/correction -
30k E Y ~ ATLAS |
i 1 | EE 2[!{} 4["] SDU EUDImDIEHEiI]{}ILfIﬂ{}1EUG1EUDEDUD
20 1 ssof | | 1 2E; (GeV)
[ ] . N CMS Preliminary _
10 (“raw”, i.e. w/o mE_uncorrected | W1, v Standard_;et
jet corrections) | 2sof- ~r had correction
Obom o, F T particle- | not optimal
0 200 400 600 8OO 1000 12 1,||I.;‘=1~D|:|_E f ﬂOW + here due to
ZE; (GeV) A corrected | std jet corr.] different jet
Corrections from particle-flow "} g prOper’:cllz\S/ cf;
are promising to improve | /so.—/> | ~ composition
resolution, see here for t-jets; e = e

further P.F. studies in preparation...

,&MET

MET™ - MET""® (GeV)
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Missing Transverse Energy

= Fake E,Mss comes from:

. Fake ETmiss ATLAS
Qm‘g—-- IV °
T kL o
((D')mag— True E,/Miss
Pl . ’
M10° Fake E/™'ss from .
S F % escaped muons
= 10 [ 3ty
<" ‘-1{1' ! \{ .
; .'lﬁ I
bt 4§ 4 .
100 200 300 40 0 500 600 700 BDD 900 ‘Iﬂl]ﬂ
EMiss [GeV] i
Isolation: AG(E;™ss,high-E jet) > 17° 2
F =
%103__“1 A 4 L e E?i.ss %
L] S QCD di-jet events with
S | % | 560 GeV < E{j;) < 1120 GeV
-e 10E éT LT i
< ¢ 1 ;

—
2

IIIIII| T I-1

2

10

Beam-gas interactions, machine bgd.
Displaced I.P.

Hot/dead/noisy cells or regions
non-linearity in hadronic response

« finite energy resolution

High-p muons escaping fiducial region
E losses in cracks or passive material

Jets + g\xumhﬁ

SRSARRERE
@ SUSY(1TeV) 4

%

100 pb-! [PIEE
- oW

® /7

ILIIIII|€ IIIIII| L 111l III|
A )




Some Comments on Photons ...

. require good understanding of ECAL: uniformity/calibration

. . . Luminosity (pb™)
First with 7%, then with |G o202
. 0.025/¢ B
electrons from Z — ee: ?
Integrated luminosity (pb™ 0.02 B '
0 50 100 150 200 250 300 350 aoise ,
E DARARE AL AR R LA RS RS R ] L. :
© 0016} = 0014 |
= 0014 :_+ 3 o0sf T
EG.G'IE:— - o:umu.LH;IJULHJH.J><10"
g 0.01F L] ] 0 20 40 60 80 100 120
S oo, z
0.004} N 006F =
. :_ _: bt - +n= e
0.002 ATLAS £ a
Ii]: IR EPE I (T B 1 Ax10? 804:
0 20 40 60 80 100 5 &
Number of Z— ee events ’5
Photons are much harder to extract from jet >0.24
background than certain isolated electrons, g |
e.g. from Z — ee (due to ﬂo) > 00" 200 700 00 §00 1000 1200
radius (mm)

Also use y/Z+jet data for JES: Photon conversion in material
— y/Z recoil — Jet-E scale (JES) to 1% | before the ECAL!... @i
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Summary

» The commissioning of CMS is well advanced
= Physics (object) commissioning:
 Early data of 10 - 100 pb-! will allow first studies Standard Model processes

in order to understand the detectors and optimize the performance of
particle-1D

* New (updated) studies focusing on early data have been discussed

CMS Expected Goal for E(?AL, I—!CAL: intercalibration
( ) att=t, Physics using azimuthal symmetry
Tracker 20-200 um (minimum bias).
alignment in Rg O(10 um)
ECAL ECAL: n° calibration, then
. : 4% <1%
uniformity <:| electrons from Z—ee
HCAL unif. 2-3 % <1%
JES < 10% 23 % JES."(.iI-jet balancing, yZ+jet,
W—jj in tt events

T. Christiansen, CERN - Renc. de Moriond EW 2008 - La Thuile, Mar. 1-8, 2008 Page 19 g -



Summary Il

Exhausted but happy physicists after
a long shift (of data taking)

(even without
collisions, the
experiments are
already taking
loads of interesting
data to commission
their detectors)

Both, ATLAS & CMS, are eagerly awaiting the LHC
collisions in summer ‘08! &
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