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Compact Muon Solenoid

> ATLAS: ,Expected Performance of the ATLAS Experiment
o CERN-OPEN-2008-020 or arXiv 0901.0512

> CMS:  ,Physics TDR"
» CERN-LHCC-2006-001 or J.Phys. 6 34 (2007) 995-1579

> CMS:  ,Post Physics TDR" Results
»https://twiki.cern.ch/twiki/bin/view/CMS/PhysicsResults

»only publically available (‘blessed’) results of simulation studies will be shown
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LHC aims
and basics

HGF workshop “Detector understanding with first data” July 3rd, 2009 Stefan Tapprogge, Johannes Gutenberg-Universitat Mainz Seite 3



e complete the Standard Model
- if Higgs boson does exist
e find evidence for physics beyond SM

> e.g. learn about composition of universe .
(dark matter) 1o NORMAL

MATTER

e threefold approach
(not fully sequentially)

> detector (and reconstruction) understanding
with collision data

O beyond extensive commissioning with cosmic
muons
> rediscovery of Standard Model @LH C

O establish how pp collisions really look like at
LHC

O followed later on by precision measurements

> search for new physics beyond the SM deTeCTor,
O and (precision) measurements of its properties underSTGNd'ng
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ema _of pp_collision

LO, NLO and NNLO calculations
K-factors

“Hard™ Scattering

benchmark cross
outgoing parton  Sections and pdf
correlations

PDF’s, PDF luminosities
and PDF uncertainties

proton proton

underlying event underlying event
Initial-state

radiation

Sudakov form factors

underlying event
and minimum outgoing parton
bias events

final-statc

radiation

jet algorithms and jet reconstruction

e the interesting part is the hard scatter
> but it does not come on its own alone
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e Pile-up included or not yet ?
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1 . .
ox = Z f dxcydxs £,(x1, 12 £ (X2, 42) LHC parton kinematics
a,b 0

Q2 Q_z = (M/14 TeV) exp(zy)

M

X GaboX (Xl,X2,{pf};as(uﬁ),a(uﬁ),—z, 2)
Hr M

e not necessarily straight and
simple extrapolation from
Tevatron ("scaling")

e often partons at small(er) x <
involved in key processes S = 100 Gev
>

> scattering of gluons / sea
quarks dominates

- larger phase space for gluon
radiation (extra jets)

> larger QCD backgrounds

e need to make sure that
these are well understood
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Parton densities (and uncertainties)

MSTW 2008 NLO PDFs (68% C.L.)
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Figure 1: MSTW 2008 NLO PDFs at Q% = 10 GeV? and Q? = 10! GeV?2.
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Cab—X = 0)1{5(§ — M=)
ox = ./O dxgadxy fo(xa, MQ)fb(a:b, M2) Cx 6(xaxy — T)
S Y
OLar = [* dwadey, faCwa, MP) i, M) 6y — 7)
® process
independent

B e contains energy and
= mass dependencies

e practical
assessment of pdf
10_3{].01 I I 0.05 0.10 0.50 1.00 Iﬁ.ﬂ 10.00 uncer'TainTieS

Sqrt(s) [TeV]
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e gain from higher c.m.s. energy obvious
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luminosity uncertainty (percent)
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T T ol
parton luminosity uncertainties
atLHC (MSTW 2008NLO)
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P
C expectati

ot | o 15, | rocne | | o | Peskumnesty | niegrared
1 Beam Commissioning
2 43 |3 x101°| 4 0.4 1.2 x 1030 100 — 200 nb'"
3 43 |5 x1010| 4 0.7 3.4 x10% ~2 pb-’
4 156 |5 x1010| 2 2.5 2.5 x 10 ~13 pb-!
5 156 |7 x1010| 2 3.3 4.9 x 1031 ~25 pb-
6 720 |3 x10" | 2 6.7 4.0 x 103 ~21 pb-!
7 720 |5 x10'0 | 2 11.2 1.1 x 1032 ~60 pb-
8 720 |5 x10" | 2 11.2 1.1 x 1032 ~60 pb-!
9 720 |5 x10"™ | 2 11.2 1.1 x 1032 ~60 pb-!
10 lons
Total 200 — 300 pb-

o unknown fraction useable for' physncs
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e first LHC run in

2009/2010 10 e
| ratios of parton luminosities
at 10 TeV LHC and 14 TeV LHC .
0.8 | -
e c.m.s. energy of o | ]
at most 10 TeV ® osl .
P - .
I7)
: 2 .l
~ impact on £ %9 )
cross-sections =
0.2 |
o inTegr'aTed [ pdfs: MSTW2007NLO
OD AN | L " T W |

3

Iuminosi’ry of 102 10
up to 200 pb-t M, (GeV)
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Magnetic field 2 T solenoid + toroid (0.5 T barrel 1T
endcap)

Tracker Si pixels, strips + TRT
o/pr= 5x104p++ 0.01

EM calorimeter Pb+LAr
o/E = 10%/E + 0.007

Hadronic Fe+scint. / Cu+LAr (10A)

calorimeter o/E = 50%/E + 0.03 GeV

Muon o/py= 2% @ 50GeV to 10% @ 1TeV (ID
+MS)

Trigger L1+ Rol-based HLT (L2+EF)

4 T solenoid + return yoke

Si pixels, strips
o/pr= 1.5x104p;+ 0.005

PbWO4 crystals
o/E = 3%/E + 0.003

Brass+scintillator (7 A + catcher)
o/E = 100%/E + 0.05 GeV

o/pr = 1% @ 50GeV to 10% @ 1TeV
(DT/CSC+Tracker)

L1+HLT (L2 + L3)
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Iﬂm 2008-10-04 03:58:54 CEST event:JiveXML_90731_62340 runc90731 ev:6i
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ATLAS Z00E=08=10 10:19:10 CEST event:|ivi
L1Calo Stream

jeomatry: < cefan

The very first
beam-splash event
from the LHC in ATLAS
on 10t September 2008,
10:19

ATLAS

Collimators

(175 ["‘i‘”’m)
L L

i

first beam event seen in ATLAS
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rediscovery
of Standard
Mode/

(and more...)
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e The SM menu (sort of)

e minimum bias covered 10 gy 107
properties by A. 10 ¢ o — 11
e underlying event | Moraes " f Tevavon  pHC 17
. . 10° = ' L E 10°
e jet production o b P e
> cross-section, di-jet mass and 10§ k 1 10*
angular distribution, shapes 10° | T 110°
. . c B e (B s L 3.
e direct photon production 0 | o E> ) 4
. 10' £ oy (M,=80 GeV) 4 10°
o W/Z pr'OdUCT|On 10° Z_ szet(Mzzgl GeV) / _: e
- incl. in association with jets o | ulE 00 < D
e Drell-Yan lepton pair 0° b v /5 102
production 0 . /// §10°
> incl. low mass resonances 100 B 1107
. . -5 [ Gpiges(My = 150 GeV) 1 4n5
e di-boson production T e
) 10° g _ 4 10°®
- gauge boson self coupling o - Origgs(M =500 GEV) - L \. A

e top quark production " s (Tev) 1
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e iROGAmap” for first data

e 1-10 pb!: calibration and alignment with collision data,
first measurements ("minimum bias", ...)

e ~100 pb!: refinement of calibration and alignment,
re-discovery and measurement of SM processes,
first serious sensitivity for new physics

O expected statistics, scaled to 10 TeV (and 100 pb-1)
>5x10% “"minimum bias" events (after trigger)
108 jet events (after Trigger)
5x10% direct photon events
2.5%10° W-lv events

2.5%10% Z->Il events
>10% Drell-Yan events (small invariant masses)

e ~1fbl sensitivity for Higgs boson discovery,
supersymmetry, new resonances (O(TeV))
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e global transverse thrust global thrust minor
> 3 for homogenous event deviation from thrust axis

Lilpxil _ Lil(p xiig) x|
YiPL, YiPL,

NG, .7
TJ_rg — max ZI |pJ_,I T
fit Y.iPL

5
oy
I

TJ_rg =1 —TJ_rg.

CMS preliminary CMS preliminary

o e e e L B o s 'ﬁ‘ e B T B o B
- OCD-Mukijts rTL_ . ] = 0 35:_ QCO-Multijets "i'7 =
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C . g ] - - PE e 3
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e sensitivity to modeling of multi-jet events
- insensitive to jet algorithm and energy scale corrections
> input for MC tuning
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ON_Ira

W/Z

e some systematic uncertainties (e.g. luminosity) cancel

W and Z total cross sections at the Tevatron W and Z total cross sections at the LHC
#‘\0_27|||||||||||| T T 17T T T 17T T T 1T T T 17T T T 11T -_ 2.1_IIII L L IIII:I!_.-'III,.- T T T]
g - l l I I I l I 2 - | | F{(W!Z) = 1_p'.‘é 10:6 107 | .
- L @ MSTWO08 NNLO  CDFRunll = — - S ]
:-O_265:— B MRSTO06 NNLO —: o 2'08: ' ' .
- C A MRsTO4 NNLO 1 = 2.06__ _
’T 0_26:— % Alekhin02 NNLO * _: oT E E
N C O MSTWo8 NLO " ] u 2.04— 7
IP 0.255 | (] mrstosnLO . m B i
b"N E /\ MRST04 NLO E t;N 2'02:_ Bu @ MSTWO08 NNLO _:

0 25'_ ¢ Alekhin02 NLO ] 2__ é‘ﬁ B MRSTOS NNLO —
) E oP CTEQG.6 NLO E E .'::." A MRST04 NNLO E
0.245F ] 1.98 4 % Alekhin02 NNLO -]
E Sl Lot E :_ A () MSTW08 NLO _:
0 24__ &D:O ] 1'96: [] MRsTO08 NLO .
r an R i 194 - /\" MRST04NLO _
C 3 r Y Alekhin02 NLO 7
0-235:_ _: 1.92 :—A _ JY CTEQ6.6 NLO —:
0.2 ;lll"lIEllllllllII|IIII|IIII|IIII|IIII|III: 1 E..—']'.J..-"'::‘|||||||||||||||||||||||||:
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CDF 2007: R =10.84 £0.15 (stat) £ 0.14 (sys)
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. . . . = 0.9
o efficiency determination et
v B b
> “tag & probe" method (data) £ o8 by,
0.75
- o o P [H PRl TR ] TR Rl FAio ) Tt Phoki i Faiiodl-— i
8 ATLAS 50067 E P :
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§ = N Signal a '
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2000 —
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1500,:_ _: IEI4_||||r50p|b-|1
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. . e - MC .
> selection via e Measured, before corrections -
'ElE - Measured, after corrections =
O 2 electrons E>15 GeV © :
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section (no luminosity uncert.) (7 S s - SEue T TGN
o ° P idi
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HGF workshop “Detector understanding with first data” July 3rd, 2009 Stefan Tapprogge, Johannes Gutenberg-Universitat Mainz Seite 23




o~ Frrr[rrrprrrrrrprrrprrrp rr o r oo

. = f
e W selection S 40000 | - 10 i CMS Preliminary |
> single muon with QS800F E
p>25 GeV and |n <2 PR E

o as well as isolation g 2500~ E

: © 20000 =

e background suppression =P E
by cut on my: ooo. E

w I v 500%— f

My _\/ZPTPT(I_COSA¢) e

M I I
20 40 60 80 100 120 140 160 180 200

O

. . . M. (GeV/c?)
e reconstruction efficiency via g
" " 4 SR I I I IR I
1’09 & pr'Obe also for' muons < f[L=10pp" CMS Preliminary |
[4h] I cu 1
> L T T T T T o 3 I |
g i ‘ SHO E =
H r — = =
& Zol B F _ 92 2
5 095 = | :
= 5 CMS Preliminary E"l__‘J i ]

7! Y 0.9F | 0% c
o i ; 2 5 i
i .5:| Pr 0.85_ = : :

":}:-Z'; 08 s Tags Frobe 10F E
A 0.75 E o= MC Truth -
(b) E T - 1
0= a0 60 80 100 12 0O 20 40 60 80 100120 140160180200
b1 (6eV/c) M, (GeV/c?)
HGF workshop “Detector understanding with first data” July 3rd, 2009 Stefan Tapprogge, Johannes Gutenberg-Universitat Mainz Seite 24



5uu T T | T T T T T T T T T T T T T T T T | T T
. W

— 400

- - p

m | g S

& i

'“"\_\' N '..-""ﬁ

2 300 |

P i

L -

= 200

ﬁ -
""'H..‘\ N

B L
oa B

© 100(

D L [ 1 I | 1 | 1 1 | [l
—a —2

Figure 13: The CMS rapidity distributions for production of an on-shell W~ boson (left) and
on-shell W+ boson (right) at the LHC, at LO, NLO, and NNLO, for the MRST PDF sets. Each
distribution is symmetric in Y ; we only show half the rapidity range in each case. The bands indicate

the common wvariation of the renormalization and factorization scales in the range My /2 < p <
2Mwy .
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flavour decomposition of W cross sections flavour decomposition of Z° cross sections
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o /_/\ dc 3%
& 4L ' TR 1L i
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e 30% of LHC total W/Z cross-section involves s,c,b quarks
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(W — uto,) — 2 (W™ — uwy)

A(n) =

SESE

e sensitive to u and d quark pdf

e only few systematic
uncertainties
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e with initial data (15 pb!)
120 @ 117 MeV

> energy scale dominates

57 ® 231 MeV

> recoil modeling dominates

> prle):

> M(p):

my' =\2p}py(1-cos A)

e precision measurement: with

Events/{(1.0)

2500

2000

1500

1000

200

[ —_—
jus)
b —

h|9her' |n'|-egr'a1-ed |UmanSITy 10 15 320 25 30 35 40 5?(3 \'53]0
— p_ [Ge
-] Method prie) [MeV]  pr(u) [MeV] Mr(e) [MeV] Mr(u) [MeV]
Sy (stal) 120 106 6l 57
Omy (0lg) 110 110 110 110
5mW (or) 5 h) 5 5
oo Omy (tails) 28 <28 28 <28
Oomy (€) 14 - 14 -
Omyy (recoil) - - 200 200
Smy (bkg) 3 3 3 3
Omyy (exp) 114 114 230 230
omy (PDF) 25 25 25 25
Total 167 158 239 238
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W/Z+jet productior

"o T L B I BN R .
S0 arias - wo=-mo 1 ® important background for
g= - — I:I.Jels : .
g & or many other physics processes
5 -2—>ee — .
10 =R l > top production, SUSY searches, ...
1 e [ =
10 : / % < ( LED,
] v _zozecd v
5 _9 |gezez _ 9 |eecen
10 q g
! 2 24Njet35 (PT(j%t) . %0 GeBV) \ \
~ 10°E [ Jets = S 0.4 —
% E [ Top 3 = B i
Qo B —_— TT B @ B 7
® 10* =€V_—))pv ? E 0'2:_ _:
_._ T E B B
o —3 2 %t E
3 = B ]
102 S -0.2[~ -
_'::.n. - -
10 E _0_4:— B . 10% JES unc. —:
@ - | &= 4/ 5% JESunc. ]
1 S5 02 — +- 1% JES unc. i

1 2 3 4 1 2 3 1
> Njets (P, (jet)>40GeV) > Njets (P_(jet) > 40 GeV)
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CMS Preliminary

CMS Preliminary
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% T B ]
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- 2 arameter affecte ource oo
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. . . Number of /¢ Momentum scale ~1%
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e measure and test triple gauge boson coupling

q Vo q Vi q Vo
TGC vertex
1%
q Vi q Vo q Vi

r-channel u-channel s-channel
> data driven back- e
ground extraction ” '4;— —s, CMS Preliminary
e systematic 2f B 95% C.L

- B 68% C.L

uncertainties 10
Channels | Modeling, % | Background estimation, % | Total, %
3e 21 27 34
2elp 19 16 25
2ule 17 31 35
3u 17 12 21

> bo significance SO VTN TN
-1 A 015 02 R R : 045 05
for' 320 pb Luminosity (fb™)
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..GaugE boson pair production

signal

Diboson mode Signal ~ Background  Signaleff. oy, p-value Sig.
WHW- = et vufv 34743 64+5 12.6% (BDT)  5.4% 3.6x 1071 274
WW~ — utvu v 70£1 1742 52% (BDT) 12.0% 88x107°% 113
WITW = — etvey 52+1 [1+2 49% (BDT) 13.9% 1.9x107* 10.1
WTW™ — (Tyly 103 +3 1742 2.0% (cuts) 9.9% 1.4x107* 155
W*Z — (viti- 128 +2 [6+£3 15.2% (BDT) 8.8% 3.0x1077® 184
33+2 §+1 6.3% (cuts)  13.7% 3.1x 10770 114
77 — 40 17+0.5 2+0.2 7.7% (cuts)  24.6% 6.0x107'% 6.8
727 — (T vy 10£0.2 S+2 2.6% (cuts) 313% 7.7x107% 3.2
Wy —evy [604+65 1180120 5.7% (BDT)  2.5%  significance > 30
Wy— uvy 2166+88 1340+ 130  7.6% (BDT)  2.1%  significance > 30
Zy—etey 36712 187+19  54% (BDT) 52% 12x107' 203
Zy— utu-y 751+£23 429443 1% (BDT)  3.6% 5.9x107"! 278

e expected number of events for 1 fb1 (14 TeV)
> final states withl = ¢, n
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e Lagrangian for charged interactions
. v LAY .
L/gwwy = ig] (Wi, WEVY — W, ,WHVY) +ik" WeW, VA + M—zwpﬂwfv P

e anomalous coupling parameters

AgE = g5 — 1, Ak, =K,— 1, Akz=kz—1, A,, and Az

> SM: g,Y=xy=1land1,=0

N

o expec‘red sensi‘rivi’ry oz
N sTudy m(WZ) and PT(Z) M | —
> with systematics {3
Gy =9.2%, og=18.3% 1 N\

N IUminOSiT Of 4‘33“

001->1->10-> 30 fb*
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Recipe (checklist) for a

e to find a deviation is easy ...
> to prove that it stems from new physics is harder

- simple-minded recipe
o find variable(s) discriminating between signal and background
O cut away most background (maximing signal significance)
o estimate remaining background events - look at yield ...

e need to care/worry about

- is the detector behavior really understood ?

o efficiencies, fake rates, energy/momentum scales,
non-Gaussian resolution, ...

2 try to obtain as much information as possible from data
- is the SM prediction really understood ?

o cross-section, kinematic distributions, underlying event, ...
> must know sources for uncertainties on these
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Figure 6: Left: reconstructed invariant mass distribution of Drell-Yan events for different misalignment
hypotheses. The numbers corresponds to an integrated luminosity of 100 pb~!. Right: reconstructed
invariant mass of the Z;, model for the seven misalignment scenarios.
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Figure 10: Results of the FFT computation of 1 —CLy form = 1 TeV Zgg, (left) and Z;f (right) bosons.
The horizontal line indicates the 1 —CLy value corresponding to 5. @
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Figure 5: Reconstructed electron-jet invariant mass in the 1st generation leptoquark (m;o=400 GeV) analysis
for signal and background MC events after baseline selection (left) and after all selection criteria (right). All
distributions are given for 100 pb—! of integrated luminosity.
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e systematic uncertainties considered
> trigger, reconstruction and identification of lepton and jet
> higher orders, pdfs, background processes
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Figure 11: 5o discovery potential for 1st and 2nd
gen. m = 400 GeV scalar leptoquarks versus 2
with and without background systematic uncertainty
included.
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Figure 12: Minimum 2 of scalar leptoquarks versus
leptoquark mass for 100 pb~" of integrated luminosity
at 5o (background systematic uncertainty included.)
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Production of mini black hole
""‘_'_' \\ e spectacular signatures
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e selection
> Z|p¢| > 2.5 TeV
> >1 Iep’ron with pp>50 GeV
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3. Transverse sphericity, Sp > 0.2. 5. Reject events with an e or a . [ ) SenSITlve TO mismeasure-
4. Ad(jet, — ) > 02, Ad(jety — EI) > 0.2, Ad(jety — EI) > 02. 6. Mes > 800 GeV. ments of QCD eventsl
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1. Exactly one isolated lepton with py > 20 GeV satisfying the selection criteria described earlier.

2. No additional leptons with p7 > 10 GeV. This ensures no overlap with the O-lepton, 2-lepton, and
3-lepton analyses.

3. At least four jets with p7 > 50 GeV at least one of which must have py > 100 GeV. @%
NS 1
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for SUSY
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Figure 12: The 1 fb~! 50 reach contours for the O-lepton and 1-lepton plus EX" analyses with various
jet requirements as a function of mg and my, for the tanp = 10 mSUGRA scan. The horizontal and
curved grey lines indicate the gluino and squark masses respectively in steps of 500 GeV.
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almost
done ...
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ne_very final si

e hope that to be soon in a situation where we know
that there are a lot of unknowns to be explored
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