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Current knowledge about the Higgs Boson Mass

Restore
unitarity

Electroweak
precision measurements

Direct searches at
LEP and Tevatron
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Standard Model prefers a light Higgs boson
Theoretically allowed range up to 750 GeV



Signalrates for Higgs boson production

Gluonfusion (GGF) Vektorbosonfusion (VBF)
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The challenge

e

Event rates at LHC

— 10°/ s (GH2) all collisions
=TT Ctotal =1 3 not interesting

mb
> —— bb 106/ s (MHz) data volume
I= 1 Million Gigabyte/s
c ,rrigger”
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e . recording
~ b oft > maybe interesestings (0.0005%)
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only 1 Higgs particle on per 1 000 000 000 000 proton collisions
only 1 Higgs particle per 1 000 000 recorded events

will not discuss trigger issues in this talk: >~90% for electron, myons and photons




A ,,complete” event at LHC

Jhard”“ collision

+ |ISR,FSR

+ ,underlying

event® _
p/P

+ ~23 overlayed pp-interactions/bunch crossing at design luminosity

- 10° pp-collisions / seconds
- ~1600 charged particles in detektor per ,event”
+ impact from ,pile up“: readout time > At = 25 ns btw. bunch crossings

—>severe requirements for radiation hardness, granularity, readout speed
(not further discussed in this lecture, ECAL: 10"n/cm? and 200 kGy/10yrs)



significant: probability of background fluctuation
<2.9x10°7 equivalent to ,5 sigma*“ for Gauss. distribution

deviation: - new peak in mass distribution
- excess in kinematic distribution

for discovery (event counting or more information):
- only need knowledge of background
- wrong modelling of signal (rate and shape)
—> non optimal search strategy - more data needed

for exclusion (and discovery potential)
- need signal efficiency (and shape) in addition

determination of background:

(i) from data itself with little theory and MC input
via auxilary measurement from same data set

(ii) prediction from theory + MC + detector performance

background=lumi*cross section*acceptance*efficiency

Wahrscheinlichkeit
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Which combination of production and decay?

Gluon VBF |WH/ZH |ttH
fusion

H->vyy

H>ZZ->4 |

H>oOWW- 2|2v

Hotw

H->bb

sufficient production rate? o,.,4XBR large enough
efficient trigger? electrons, photons, myons, taus+missing energy
background reducible? mass reconstructable, good signal/background

background controllable? determination from data possible



Mass resolution and signal-to-background ratio

. ‘ Hypothetical X — yy signal
"~ mass resolution: * ‘ on top of background l

propagates approx. linearly in significance poor detector resolution

/

resolution worse by factor 2

. . good detector resolution
mass window increased by factor 2

larger background by factor 2 Pp — yy background

worse signal-to-background ratio

v
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crucially influences impact : .
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Important channels for discovery of a light Higgs boson

GGF
H—-WW-Slvlv

VBF
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™ inclusive search for H>2 photons 4 :3>_ H
q L

only use Higgs decay products in analysis

10

" exclusive search for H=> 2 t in vector boson fusion "
exploit additional signature (forward jets, rapidty gap) 3 e
' additional channels: H>ZZ-> 4l, H>WW-=> 2(l+v ) (e -

—> see lecture by Yves Sirois P ey
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Superconducting / CALORIMETERS —
Coil, 4 Tesla ECAL HCAL

76k scintillating Plastic B
PbWO4 crystals scintillator/brass sandwich

IRON YOKE

TRACKER

Pixels
Silicon Microstrips

210 m2 of silicon sensors
9.6 M channels

t

Total weight 12500t MUON BARREL

Overallfeoeter i | Drift Tube Resistive Plate ENDCAPS
Chambers (DT) Chambers (RPC) .

2900 scientists from . et Cathode Strip Chambers (CSC)

183 Institutes from 3 I e Resistive Plate Chambers (RPC)

38 countries s S— ——— o

56

- standalone muon spectrometer up to
small angles (air coil toroid)
- ,deep” and fine segmentedcalorimetry

Choice of magnet system
| “I CMS: solenoid 4T

- excellent momentum resolution
- compact design: use B-field return yoke

for u»-measurements

- calorimetry inside solenoid

Muon Spectrometer ( |n|<2.7 )
air-core toroids with muon c_hambers

~108 electronic channels =
~3000 km cables

Calorimetry ( n|<5)

EM : Pb-LAr

HAD : Fe/scintillator (central),
Cu/W-Lar (fwd)

and .... 2800 physicists
(800 PhD students) from
169 Institutions from 37 countries
from 5 continents

Tracking ( |n|<2.5, B=2T)
Si pixels and strips
TRD (e/n separation)

Diameter 25m
Barrel toroid length 26 m
End-cap end-wall chamber span 46 m
Overall weight 7000 tons




Magent choice and influence on detector design

@ Only one magnet system
¢ simple and compact overall design

# excellent momentum resolution using inner
tracker

¢ Rso determines cost, R=3m was doable

@ B=4 T was realizable, 3.5 T would still
deliver good physics

@ Needs (instrumented) return yoke
# limits momentum resolution at low p because of
multiple scattering
# might be problem for standalone muon triggering
at high rate running (SLHC)

# understanding of stray field
@ Tracking limited at large rapidities

@ All calorimeters inside coil
¥ good for resolution, but puts size constraints on
Tracker+Calos
¢ eg. with Rso=3m, Rrracker=1.2-1.3m,
<2m left for ECAL+HCAL !

@ Two magnet systems, because need

smaller solenoid for inner tracking near IP
¥ determines very large size, complex structure
Large toroids determine cost

¥ less coils (12->8): cheaper, but less uniform field
# Thus need very precise field map |

No return yoke needed

# closed flux in air -> much less multiple scatt.

¢ better standalone muon triggering/tracking at
high rates

¥ keeps calorimeters field free
# a “lot of space” for calorimeters

Good tracking at large rapidities

Calorimeters outside small solenoid
# material affects resolution of calorimeters

G. Dissertori : LHC Detectors and early Physics 29



Overview of magnet systems

TABLE 3 Main parameters of the CMS and ATLAS magnet systems

CMS ATLAS
Barrel End-cap
Parameter Solenoid  Solenoid toroid toroids
[nner diameter 5.9m 2.4 m 94 m 1.7 m
Outer diameter 6.5 m 2.6 m 20.1 m 10.7 m
Axial length 129 m 53 m 253 m 5.0m
Number of coils 1 1 8 S
Number of turns per coil 2168 1173 120 116
Conductor size (mm?) 64 x 22 30x4.25 57x12 41 x 12
|Bendingpower 4T-m 2T-m 3T-m 6T.m|
Current 19.5 kKA 7.7 KA 20.5 KA 20.0 kKA
Stored energy 2700 MJ 38 MJ 1080 MJ 206 MJ



Inclusive search in H> 2 photons

© signature: two high pt photons
production rate: 83 fb
~ backgrounds

reducible: y -jet 180 nb + jet-jet 480 ub

—Pﬂmy

q

—>discriminate photon + jet
goal: jet rejection of several 1000 @ ¢~80%

irreducible: yy 29pb

q —>—WW\.Y

q —b—my

—>excellent reconstruction of MW
goal: AM/M~0O(1%)




Diphoton mass resolution

‘ |\/|W = E1 E2(1 - COS 612) ‘9 excellent energy resolution + direction determination

| AM/M = sqrt( (AE,/E,)? + (AE,/E,)2+ (A®,,5in0,,/(1-c0s0,,))?) |

parametrisation of relative energy resolution in electromagnetic calorimeters (ECAL)

0?2 SzNz2
(E)—ﬁ+f+c

S stochastic term: statistic of shower particles, shower containment,
shower fluctuations,...

N noise term: from digitisation, pileup, ....
C constant term: calibration, uniformity, stability of signal yield



Technology choices in CMS and ATLAS

Towers in Sampling 3
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“ ATLAS: sampling calorimeter
PbWO, crystals 22x22mm?
Ry=22mm, X,=8.9 mm
- excellent s-term

- inside solenoid

lead/liquid Argon accordion

- outside solenoid (2 to 4 X))
- 3(4) longitudinal segments

- no longitudinal segmentatior
+ preshower in endcap

+ preshower detector in barrel




Significant amount of material in front of ECALS

Weight: 3.7 tons
CMS

1 1 T 1 I T 1 T T I T T T T I T ] T T I T T T T I I 1 T T I T
X 12 1.4

m Beam Pipe
m Sensitive
Electronics
= Support
m Cooling
m Cable
= Outsid

10 .Before accordion —] 1.2

. Before presampler ~]

lllllllllllllllllll

Pseudorapidity 0

Inl n )
by D. Froidevaux

0 T | | T Py AL B B B B B ]
, $ 99 epciison = CMS /) :
“ large fraction of converted photons: £, " E IO Sk ;
g | UR<om : o :
T 0.7 . = C = ]
ATLAS: ~60% of all events at least a LR B 3 ;
one converted photon (r<80cm) 55 SO e — E
: : g SRL ' oof Loz .
> special treatment of conversions ~ {u,..... A L,
, 2peoce E oot g 0 LA
(broader clusters, reconstruction of tracks) o s
OOF' = |0.|5‘ - 1' - '1_‘5' s é - ‘2.‘55 @96 o0s7 098 088 1 101 102
i =



Comparison of ATLAS and CMS ECALS

TABLE 8 Main parameters of the ATLAS and CMS electromagnetic calorimeters
ATLAS CMS
Technology Lead/LLAr accordion PhWO, scintillating crystals
Channels Barrel End caps Barrel End caps
110,208 63,744 61,200 14,648

Granularity An x Ad Ay x Ad
Presampler 0,025 = 0.1 0.025 = 0.1
Strips/ 0,002 > 0.1 0.003 x 0.1to 32 x 32 Si-strips

Si-preshower 0.006 x 0.1 per 4 crystals
Main sampling 0.025 % 0025 0,025 x 0025 0017 < 0017 0.018 x 0.003 to .

ooss <0015 | 0 depth in X, comparable

Back 0.05 x 0.025 0.05 % 0.025
Depth Barrel End caps Barrel End caps ' lateral segmentation comparable
Presampler (LAr) 10 mm 2 x 2 mm
Strips/ ~4.3 X, ~4.0 X, 33Xy . .

Si-preshower noise per cluster comparable
Main sampling ~16 Xq 220 Xa 26 X, 25 Xy
Back ~2 Xy ~2 Xy ! stochastic term ~ 3 to 2 better
Noise per cluster 250 MeV 250 MeV 200 MeV 600 MeV
Intrinsic Barrel End caps Barrel End caps in C M S com p are d tO AT L AS

resolution
Swochasticerma  10% 100 12% 3% 5.5%
Local constant 0.2% 0.35% 0.5% 0.5%

term b
Note the presence of the silicon preshower detector in front of the CMS end-cap crystals, which have a vanable granulanty
because of their fixed geometrical size of 29 x 29 mm?. The intrinsic energy resolutions are quoted as parametnizations of
the type a(E) E = a/v'E @ b. For the ATLAS EM barrel and end-cap calorimeters and for the CMS barrel crystals, the
numbers quoled are based on stand-alone test-beam measurements,

Froidevaux, Sphicas



Comparison of expected energy resolution

CMS versus ATLAS
- stochastic term factor 3 smaller

ATLAS Sum | - constant term factor 2 smaller

Stochastic

CMS Sum
Stochastic

S+C Cross over
Noibration ATLAS: ~180 GeV

L K\ | coMs: ~ 20GeV

025 I —_ ” compare: typical photon
i T : energy cuts 25 to 40 GeV

0 Il 1 I | I Il Ll I | I 1 Ll I | I | Ll I | I I | I L1 |
20 40 60 80 100 120 140 160 180 200

Transverse Energy E_(GeV)

the issue of calibration: example CMS

- temperature stability: Alight yield =-1.9% /1K 2AT=0.05K

- voltage stability: A gain=3%/V =2 AV = 60mV

- knowledge of dead material, monitoring of crystal intransparancy from radiation
- production+test beam+cosmic rays: 3%

- in situ: W—->ev events: match p from tracker to E from calo

- Z~>ee events: match to known Z mass .
- n0,n> 2 photons  Z->puy = goal 0.3%



Influence of direction measurement

beam spread: x,y 14 um, z 56mm: constraint to (0,0,0)
- ATLAS and CMS: contribution ~ 1.5 GeV to mass measurement

tan 6 =1100/56=19.6 - 3 degree
1100mm | —> 6 degree = 0.1 rad difference in 0,

0,, =170: 0.1 > 1%

5dmm

N

1.9
1.8
1.7
1.6
1.5

Barrel/Barrel

End-Cap/End-Cap

E ATLAS toy MC:
relative increase in mass resolution
depending on knowledge of Z

Barrel/End-Cap

1.4
1.3
1.2
1.1

component of photon vertex

relative increase in mass resolution

11 1 1 1 1 11 1 1 1 1 1 11 1 1 11 1 1 I 111
10 15 20 25 30 35 40
sigma(Z) (m m )




Influence of direction measurment

direction mass resolution determined by knowledge of z photon vertex

- use (0,0,0) ,beam spot”

- identify Higgs production vertex from underlying event tracks (CMS+ATLAS)
- using pointing information from calo (ATLAS 0(8) = 55mrad/VE )

back —
middle—
strips—

z definition | o

,mm | o, (GeV)

Détecteur de traces ! .-"::::";oin‘r de croisement
résolution: =0 raille du fascoau: | Beam 56 2.04
/o TN 56 mm | “spot”
: — . Calorimétre calorimeter | 17 1.34
Z vert S :

vertex Higgs Y ™. “résolution: 17 mm
v vertexMB N, UE for PV | 0.1 1.22
¢ vertex Higgs g
X pointing ATLAS toy MC

both experiments claim to find correct vertex with efficiency of 80% at L=2x1033/cm/s



Mass resolution: origin of photons in z

Photon vertex: - photon direction from calo (+ conversion)
- primary vertex from underlying event

:I TTTTT TTT TTT TTT | TTT | TTT | TTT | TT | TT I: 0_14_
£ C — No pile-up h i
;0'12: ATLAS —_ 1033cm'25'1 ] 0.12
£ ot —2710%em?s ! 4 i
* © calo onl o
00s -0 ONly . 0.08
006k 17mm . 0.06]
0.04F . 0.04
0.02f - 0.02
::]_LIJ Lo bk, I-‘ 11 I 111 I 111 I 111 &l I () 1: é 0
-96_0-80 -60 -40 -20 0 20 40 60 80 100 >
ZracZirue [mm] %

o
€ 450

g 400
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B — Nopile-up \Photon1 \ | | I PhotonIE
ATLAS e 11T
- — 2*10"em%s! ] ‘lll
- PV info ] o Middle
3 E L
- 0.1 mm? | - T
g ] ]
s b S L] . Z12trueo Z2
1.08-06-04-02 -0 0204 0608 1

zre(:‘ztrue [mm]

ATLAS

At least 1 converted y

Mean=(119.46£0.03) GeV

0=(1.4610.02) GeV

‘900 105 110 115 120

125 130 135
My, [GeV]
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140

excellent mass resolution
needs good knowledge of:
- energy scale: few per mille

- incl. conversions + dead material




Discrimination between photons, n° and jets

m exploit high granularity of ATLAS ECAL e.g. cluster width in 2nd sampling W

+ other shower shapes + HCAL info + isolation in tracking detector \ ohoton

1 T T T T T T T T T T T T T T T T T T T

- ATLAS -= Signal
= ——
107 E h -= Background 3
B S S s Y
’ 0_2 L ..“ uxu.r‘nm-u‘r.-mn-)‘.y,m.. oG
= S eSrsiasH
_ f ]
<L “ N
107 E E

TS

| L " L L L
006 0.008 0.01 0.012 0.014
Eta Width (2nd sampling)

104

T
— =

S, T M Litethoos ] All quark-jet gluon-jet
§?’ - Y -Jet 3 e before isolation cut
ip¢ ¢ 1 Rejection  5070+£120  17704£50 150004700
- 1 4 3 - after isolation cut
i | gjection + + +
ATLAS & + 3 Rejecti 8160+ 250 27604100 2750042000
[ Er> 40 GeV 7 ++ ++§'
8 o better rejection for broader gluon jets
10 e T T S B B Wl

85 0 7 %9 bhoton sfficiency () €fficieny for photons > 25 GeV: 80%




Mass distributions
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B jets py, > 50 GeV
v+jets (1 prompt y + 1 fake)
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"~ signal efficiency ~25%, mass speak significantly smaller at CMS
~ S/B~1/40 in ATLAS , ~1/x in CMS?

"~ background estimate from sideband: 0.65% (0.4%stat., 0.5% BG shape, 20 fb-') CMS

~ improved analysis developed in both experiments based on
(i) categories: (non) converted photons and pseudorapidtdy >mass resolution
(ii) additional information (pt of Higgs, ....) + multivariate techniques
(iii) exclusive analysis for VBF, WH, ttH production



H-> 2 photons: significance

8 8 : ! ! I ! | J : ’8 1 2 LI rrri LI LI LI LI LI LI LI
% n —@— Combined, ftbased with M, fixed . = IntL=30fb"]
O L ATLAS --4-- Combined, fit based with M, floated ] g 10l il
% 6 :_ —4— Inclusive, fit based with M, fixed _: g B e - C M S 7]
O - J.L =10 fb'1 --k-- Inclusive, fit based with M, floated ] g L o _
9 5'_ ~—0—Inclusive, number counting _ %) 8 B o . _
© C N > - -
S) C 7] g L MO Ll el L 4 ]
- — - - o 6 . __-—-6\ ..... 1 .
o * I A —L |
u N - I T D B N ]
3 ~ 4 ~u
— ] | ==iCut-Based Agnalysi!s (with syst. Eerr.)
2 = [ S Cut-B;sed Agnalysiis (no syst. elér.) ]
1:_ _: - LY Optim:ized Analysifi,s (withisyst. érr.) |
- . [ Optim:ized Analysifs (no syst. erfr.) ]
~ - |- 1111 I 111l 111 | 1111l I 1111l I 1111l 111l 111l
Of—i—— T T T ' 167415920125 130 136140 145 150 155
20 125 130 135 140 M, (GeV)

Higgs Mass [GeV]
W depends crucially on mass resolution and hence on ECAL calibration
W ATLAS: 1% worse E resolution ~10% loss in significance
W CMS: estimate of signal systematics ~20% (15% theory, 5% lumi, 3% exp.)

W comparison difficult: different cross sections and MC generators used
numbers for mass resolution, jet rejections not fully available



Weak vector boson fusion H=>1tt

R /v/q msignature:
1 - 2 forward jets
W(Z) - with rapidity gap
" - Higgs decay

W(Z) products in

> central detector
q

q

- missing energy
w1l (I=e,n): 40fb from neutrinos
wt~>| had: 140 fb

™ background: reducible - et | F (=10 [§[ed] o] [
q % q q
ag \44
q : W
Z jj (QCD) 7 i EW——
833 pb 770(I1)+170(xr)pb 1.7pb (tr)
kinematics, colour flow, ... mass reconstruction

2009



Vector boson fusion: kinematic differences

Forward tagging jets

—\/BF H(120)—t "t — upn
=== Z(—pup) +jets

Higgs Decay N=-In tan(6/2)

g 0.1 = ._.(2 v 1 1 oor 1 1
S 0.09 —_— \Z/EBF H()120)t—>t*t'—> L — 5 ':,. —_— \Z/(BF H()1 2p)t—n+z-—> upe
= e —Hp) +ets E > il memm Z(—pp) +Hets i
£ 0.08 i " f(—up) +jets E ,g 10 5” 1. e ti(—pp) +jets E
50.07 E = : - ]
< E = [ et u
0.06 = - ATLAS
0.05 3 I .
0.04 3 1072E E
0.03 2 : ]
0.02 = A
00 € el
. ] -3 - - FEH
% 0 1070 500 1000 1500 2000 2500
n M, (GeV)



4 ATLAS

event:JiveXML_105333_00084 run:105333 ev:84 geometry: <default> Atlantis

VBF: Challenges

ATLAS event:JiveXML_105333_00084 run:105333 ev:84 geometry: <default> Atlantis

=

Y (m)
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-10

T T T T — T — T T T T
-4 0 Zm 4 |
= U Zmy il |

Mreconstruction of tagging jets down to 1 degree to beam line
mapplication of jet veto exploiting rapidity gap

Mreconstruction of invariant di-tau mass in collinear approximation
Wbackground estimation from data




Technology choices for hadronic calorimetry

EM barrel: EB Z; - é:\@ LAr hadronic end cap (HEC) ‘ Tile barrel Tile extended barrel
EM end caps: EE l " él_é % . JH ——
Had barrel: HB W S VER— ”‘“ — e | N e p—
: N WLt s e e —
Had end caps: HE | I] m e o | B )
Z il - P
Had forward: HF || I & — "' = -
Had outer: HO I 4"§ é S s,;“u_,, Ffﬁ“:_ﬂ"-:
4 M ; h = : HO
i § HB |
Al
T EB
EE ~
N Vs o .
i LAr EM end cap LAr forward

(EMEC) LAr EM barrel  calorimeter (FCAL)
both use non compensating sampling technology

—> different response to electons/photons and hadrons: e/h~1.4

“ CMS: I ATLAS:
steel/brass+scintillator(quartz) - steel+scintillating tiles in barrel
space restriction from bore of solenoid - Cu(W)/Liquid Argon in
—> only 6 hadronic interaction length @90° endcap+forward

+ tailcatcher (HO) outside solenoid all outside solenoid



Comparison of ATLAS and CMS HCALS

“1 containment of jet at 1 TeV requires ~ 11 hadronic interaction length
“ sampling fraction in CMS ~ factor 2 to 3 smaller than ATLAS

“ tailcatcher in CMS completes ,small“ primary HCAL

TABLE 9  Main parameters of the ATLAS and CMS hadronic calorimeters

ATLAS

CMS

Barrel/Ext. barrel

14 mm iron/3 mm scint,

S50 mm brass/3.7 mm scint.

End caps 25-50 mm copper/8.5 mm LAr 78 mm brass/3.7 mm scint.
Forward Copper (front) - Tungsten Steel/().6 mm quartz
(back)/0.25-0.50 mm LAr
Channels
Barrel/Ext. barrel 9852 2592
End caps 5632 2592
Forward 3524 1728
Granularity (An x Ag)
Barrel/Ext. barrel 0.1 x0.1t00.2x0.1 0.087 x 0.087

End caps 0.1 x0.1t00.2x0.2 0.087 x 0.087 t0 0.18 x 0.175
Forward 0.2x0.2 0.175 « 0.175
Samplings (An x Ag)
Barrel/Ext. barrel 3 |
End caps 4 2
Forward 3 2

Abs. lengths (min.-max.)
Barrel/Ext. barrel

End caps
Forward

9.7-13.0

9.7-12.5
9.5-10.5

7.2-11.0

1014 (with coil/HO)
9.0-10.0

9.8

TABLE 10 Main performance parameters of the different hadronic calorimeter components
of the ATLAS and CMS detectors, as measured in test beams using charged pions in both
stand-alone and combined mode with the ECAL

ATLAS

Barrel LAr/Tile End-cap LAr CMS

Tile Combined HEC Combined Had. barrel  Combined
Electron/hadron  1.36 1.37 1.49
ratio
Stochastic term  45%/VE  SS%IVE  T5%INE  SSRIVE  100%IVE  T0%VE
Constant term 1.3% 2.3% 5.8% < 1% 8.0%
Noise Small 3.2GeV 1.2 GeV Small | GeV

The measured electronhadron ratios are given separately for the hadronie stand-alone and combined calorimeters when
available, and the coatributions (added quadratically except for the stand-alone ATLAS tile calorimeter) to the pion energy
resolution from the stochastic teom, the local constant term, and the noise are also shown, when available from published

with longitudinal leakage of high-energy particles in jets.

Froidevaux, Sphicas

[_data,




Challenges in jet energy reconstruction

“ different response to photons/electrons and hadrons depending on particle energy

§ 06f -
w - energy fractions
g 0'5: | gye.m.
i -  visible non-e.m.
0.4 = I invisible
0.3:_ escaped _
0.2
0.1F !
\ b Y, 00 20 40 60 80 100 120 140 160 180 200
Epeam (GOV)

—>non uniformity - software compensation

i) based on cell energy/density+shape of cluster (ATLAS)
(to be cecked with tau—>n* decays)

ii) ,global” correction depending on n,E; (CMS+ATLAS)
jet algorithm and ,jet size®

1) reconstruction level to particle level
(non compensation, dead material, cracks)

2) particle level to parton level
(out of cone, underlying event, pile up, ....)

“calorimeter jet”

“particle jet”

“parton jet”




Jet energy resolutions

G, /E (%)

50

2 CMS Sum

I T I LI | LU I T I LI | T I T | LI | LI

jet energy resolution
~ factor 2 better in ATLAS

improvements from using tracks

ATLAS Sum —
Stochastic Stochastic —
Calibration —
Noise :

.energy flow" algorithms

investigated in both experiments
10% relative for E;<100GeV

C — -]
C I | I L1 | | | I | I | | I I | | | | L1 ;|

120 140 160 180 200
Transverse Energy E (GeV)

100

Hin situ” calibration:

- dijet for uniformity (ET balance)

- photon + jet, Z+jet (ET balance) for absolute energy scale
- t=>bW, W->jj W mass constraint for absolute energy scale

Goal for constant term: 3% ATLAS 6%CMS

for absolute energy scale and uniformity ~ 1%



Energy/Particle flow idea and performance

VIIUCT, LMroug

@ Reconstruct/identify all stable particles CMS Prelimina
in the event g 0 045¢ —TT —
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hadrons, electrons, muons g o e ¥ D
g ol g oss-+ResolttionH . "
o ’ = 0.3'3 A’
o By combining all subdetectors in the best [ >k <He
pgssible wa',sJ $ 04 el E 0.5 \Q\ =
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muon chambers 06F = Pt Flow o g 05t \_\’\‘;m
ol Barrel B Y S
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i the'"p“tg' P : reSpon ,g DU baohd S ME? P00
o Jet clustering Y10 200 30 400 500 600 0 10?
R P, (GeVie) P, [GeV/c]
2 MET reconstruction
The goal of algorithm: -~ o.smw : :
corectcalormeerjet | S Clspolminay Eyflis= Hesoliton
energy to the energy Svodb E '
of particles at vertex. Cl: 3 g 0 Calo Gevesin widih
outof.calo-cone track COXE oDt AR U R
/ n-calo-cone track a 03 E -\ 2 b
] 2 - o rawcalojet | L\ =
Basic algorithm steps: .:0'255' e ‘1‘ E N
1. Subtract average expected © o v, : S VLA N
response of “in-calo-cone” 0 155_ - g, E 04— —
tracks from calo jet energy U Te., Ty ] -
, p COM, Pejiitm and add track momentum 0.1F Barrel Mt T, 02
2. Add momentum of “out-of- 3 : LIRS i
\ S. Nikitenko cone” tracks 0.05 Resolution ] QLo
Jet .L.’ 0' 1 Lol 1 1 L !o
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Tagging of forward jets in VBF

w 1 I_l LI l LILEL L I LILLELJ I LILELLJ I LELELLJ I lllllll l_ o
- . .0008809300.0..
: 9, o : wess ot
0.95 ~
: .- -
0.9 e ~
- hg, -
0.85 ~
0.8F ATLAS = ATLAS
- VBF H(120) =t t— Il 1 VBF H(120)—=t*t— I
0.75F - eForward jet (TopoC4) ® Topo C4 jet
OCentral jet (TopoC4) 3 OTower C4 jet
O.qollllzollllsolll:40llll50llll601ll.70|ll.80l...golll1.06.1.10 0_ -4 —3 —2 —1 0 1 2 3 4 5
PT(GeV) n

jet reconstruction:

- high efficiency for tagging jets up to pseudorapidty of 4.8 (1 degree)
- fake rate only few %

- currently moderate sensitivity to pileup observed

(depending on noise suppression tool, cluster and jet algo used)



Central Jet Veto

m different color flow in EW and QCD processes D. zeppenfeld et al., Phys.Rev.D>4 (19966680

0“30_"|""|""|""|""|"
EW QCD . (a2) PP — ZjiiixX ]
0.25 [— —]
q q C
o.20 |-
* OO -
=
U s
& o.1s5 |
=
q > i 0.10 |
\ ZO :
0.05
0.00 L—

M radiation in signal close to tagging jets = rapidity gap
QCD background (Z+jets,tt): additional central jets likely

—> veto on additional jet with P,>20 GeV and |n| <3.2 (ATLAS)

° 1 E T 7 T T T T T | T [ = w 1E I I 3
3 = —— 3rdjetin n|<3.2 3 = =
g 0.9 e Without pile-up - 0.9 = = ATLAS E
w” = m |- 10%cm2s! 30 GeV 3 0.8F . 3
0.8 . — E ah =
= : o.my t . = 0.7 O T =
07F -—-- 3rd jet between VBF jets - E = =
0 65_ © Without pile-up E 0.6 = E
E OL= 1033cm‘23" 20 GeV . i 3 0.5 ;_ . mVBF H (Ih—channe'l'%
0.5  Only ft ST - 04F e T 1 VBF H (ll-channel)”
= O - R A —
e S A = 1 A Z—7t (Ih-channel)]
045 ATLAS 3 0.3 E l A Z—7T (ll-channel) J
03:_ “3)0 Ge__ 0.2 E_ 11 ® i (lh-channel) _E
0.2E = 0.1 & * Off (l-channel)
B 20 GeV o g ° | - | =

0.1 sl = no pileup 10% 2x10%
0.2 0.4 06 . 18 - Luminosity(cm™?s-1)

signal

influence of pile up significant use of tracking information under investigation



Central Jet Veto (ll)

CMS: comparison of track counting with calorimeter jet veto

_q(; 1T I jry qg 1:"I""I""l""l""l""l""l":
> 09" 4 =095 CMS preliminary .
O 1 O E :
80.85— - 80.85— -
n0.7f 4 n07F .
T G/ d 1 st & .
= 0.6F 1 Zoeb E
®© F  CMS preliminary ] ® F .
5055 4 505 filled marker = soft VBF cuts —
7 filled marker = soft VBF cuts 1 ‘g3 hollow marker = hard VBF cuts -
=04fF hollow marker = hard VBF cuts 5 " 0.4F » #tack<2.4, 6 8 10 (p, > 1GeVi) |
e b |—+—E>20,2530,35GeV |1 2 [ | = #uak<34,567(,>2GevVi) |3
Q03 |, RawE;>510,1530Gev[] 203F | o sirack<1,23,450, 3000 |3
Eozﬁ.l....l....l....l....|..,.1....I,.‘ Eoz"..l....l....l....l....I....l....ll.‘
©*“ 02 03 04 05 06 07 08 @©““ 02 03 04 05 06 07 08
efficiency (Z+2/3jets) efficiency (Z+2/3jets)

W open issues:
- how to estimate veto efficiency for signal process from data? (needed for exclusion)
some ideas around, but not validation to satifactory level

- theory prediction: NLO for H+3jets stable at few percent
but large differnece from parton shower and underlying event



Mass reconstruction in collinear approximation
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Missing transverse energy resolution

“! missing energy resolution: dominated by jets and unclustered energy

" 1) noise suppression 2) calibration of hadronic actitivity (cells, towers)

3) correction for muons  4) apply correction for identified obejcts (e,t)

“ o(ETMiss)=C*sqrt(Z ET)
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“! further improvements possible using tracker information (CMS)



Final mass distributions and resolutions

" mass distributions after all cuts

W ATLAS: 6,,/M~10%
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pile-up: resolution worse by 20% (relative)
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Background estimation from data: example Z+jets

signal sits on shoulder of dominant background -> do not trust simulation

select jjZ->un in data, remove muons and replace by Z->tt(af simulated decay
signal free control sample - use pileup noise, kinematics etc, from data

T 1 T 1 T
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=
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= 2200 71—
(3 z000 —Z — T T
g 1200 ~—==Z > TT
1800 A =
g""" J Lot- 120p06’ f sof
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so0 % L
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° -
1.2 20

-
(=}
rrTrrT

C SEC .53 Ty TN, . § - 3 .
o7 . CMS preliminary . % 300 350 400 450 500
m. . [GeV/cE] M(tt), GeV/c?

W similar methods for other backgrounds developed e.g. OS vs SS for W+jets



Uncertainty on signal efficiency (ATLAS)

Source Relative uncertainty Effect on signal efficiency

luminosity +3% + 3%

muon energy scale + 1% + 1%

muon energy resolution c(pr)®0.011pr & 1.7 107#p2. +0.5%

muon ID efficiency +1% + 2%

electron energy scale + 0.5% + 0.4 %

electron energy resolution o(Er)®7.31073E7 +03%

electron ID efficiency + 0.2% + 0.4%

tau energy scale + 5% +4.9%

tau energy resolution 6(E)®0.45VE + 1.5%

tau ID efficiency + 5% + 5%

+7% (In| <3.2)
jet energy scale’ +15% (|n| > 3.2) 6% / 200
+ 5% (on EMMSS )
jetenergy resolution c(E)®045VE (In| <3.2)
c6(E)®0.67VE (In| > 3.2) + 1%

b-tagging efficiency + 5% + 5%

forward tagging efficiency +2% + 2%

central jet reconstruction efficiency +2% + 2%

total summed in quadrature +20%
Source Relative uncertainty | Effect on signal efficiency
PDF uncertanties +3.5% +3.5%
scale dependence on cross-section +3% + 3%
scale dependence CJV efficiency + 1% + 1%
parton-shower and underlying event + <10% + <10%
total summed in quadrature + < 10%




Discovery and exclusion potential: VBF,H>tt

W ATLAS
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Potential for discovery
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no comment on comparsion of sensitivity of different channels in two experiment



CERN press release: first collisions in LHC

Geneva, 23 November 2009. Today the LHC circulated two beams simultaneously for the first time,
allowing the operators to test the synchronization of the beams and giving the experiments their first
chance to look for proton-proton collisions. With just one bunch of particles circulating in each
direction, the beams can be made to cross in up to two places in the ring. From early in the
afternoon, the beams were made to cross at points 1 and 5, home to the ATLAS and CMS detectors,
both of which were on the look out for collisions. Later, beams crossed at points 2 and 8, ALICE and
LHCb.

“It's a great achievement to have come this far in so short a time,” said CERN1Director General Rolf
Heuer. “But we need to keep a sense of perspective — there’s still much to do before we can start the
LHC physics programme.”

Beams were first tuned to produce collisions in the ATLAS detector, which recorded its first candidate
for collisions at 14:22 this afternoon. Later, the beams were optimised for CMS. In the evening,
ALICE had the first optimization, followed by LHCb. ...

These developments come just three days after the LHC restart, demonstrating the excellent
performance of the beam control system. Since the start-up, the operators have been circulating
beams around the ring alternately in one direction and then the other at the injection energy of 450
GeV. The beam lifetime has gradually been increased to 10 hours, and today beams have been
circulating simultaneously in both directions, still at the injection energy.

Next on the schedule is an intense commissioning phase aimed at increasing the beam intensity and
accelerating the beams. All being well, by Christmas, the LHC should reach 1.2 TeV per beam, and
have provided good quantities of collision data for the experiments’ calibrations.



m==
gl
gt
s
H ]
M
L
S
[
|
e

o
(|
|
|
—
|
|
|
i
—it
|
=
=
. =
.|
=
1=
=
T
=
L1
[
=
=l =

PRy

GATLAS

EXPERIMENT

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

- A
bl )

Candidate
Collision Event

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html
M. Schumacher Towards Higgs boson disovery: From detector design to final analyis Turino, 24.11.2009




Candidate
Collision Event

Sl

JATLAS

& A EXPERIMENT

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

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html

M. Schumacher Towards Higgs boson disovery: From detector design to final analyis Turino, 24.11.2009




- cmsShow: rfio:///castor/cern.ch/cms/store/temp/express/BeamCommissioning09/|

File Edit View Window Help

. . ‘» . . Delay Run

12

14 Event 15145

o 3.0s |

Summary View Views |

Add Caollection
[[E ECal s 1
FI[E HCal e X ]
Fm Jets e X ]
@ Tracks e X ]
[ pt|_eta] phi

49| -02( 03
50 -01 0.2
37| -08| 03
40| -07( 03
46| -04 086
48| -03| 086
49| -02 1.0
50| -01 1.1
44| -05 1.1
30| -1.1 1.1
30| -11 1.0
50| -01 1.2
41| -07 15
36| -08( 286
49| -02( -23
35| 08 04
37| 08 07
50| 041 08
36| 08 09
43| 0B 1.4
46| 04 16
30 1.1 19
46| 04 23
36| 08| -20
28 -0.1

Electrons
Vertices
DT-segments
CSC-segments
Photons

MET
siStripClusters

vyVvyVvyVvyVyVYYY

Rho Phi

Event Filtering is OFF

ExpressPhysics/FEVT/v2/00

Mon Nov 23 19:20:55 2009 CEST
Lumi block id: 25




ENGINES OF
DISCOVERY

-« =

Ayras R

A CENTURY OF PARTICLE ACCELERATORS

Andrew Sesaler + Edmund Wilson
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Detector design driven by physics goals often from Hi physics
Whether LHC will add a chapter depends on detailed understanding of detectors






F=ma

,Inertia®

,Gravitation"

F = mg

Quark—
Antquark—

Gluon Paar

Quark

atom = elementary electrons +

nucleons (p,n) in nucleus

my=938(9) MeV  m,_= 0.5 MeV

atom and nucleus ,lighter® than sum of
constituents - negative bindung energy

proton and neutron mass ~ 1 GeV.:

M, = O(5 MeV) My=0(10 MeV)

rest: M=E/c? ,energy” of strong
interaction (g,q, QCD vacuum)

isovery: From detector design to final analyis Turino, 24.11.2009




A 4

electron mass m_=0.5 MeV:
def. length scale of our world, Bohr radius a=1/a,,, m,
m,=0 no atomic binding
m, = 0.02MeV human giants 45 m,
visible light in infrared
m, = 105 MeV K-capture pe—>nv possible
- only Helium, n + v - different universe

no/small W boson mass (M, = 81 GeV):
fusion in stars: >
p+p>D e+tn Gg~ M\,% ~
shorter burning of sun >
at lower temperature W%
= no humans on earth _

==

=0
i —f =T —{—

mass values of e, u, d, W and their fine tuning mandatory

for existence and developement of our universe

M. Schumacher Towards Higgs boson disovery: From detector design to final analyis Turino, 24.11.2009



Luminosity [fb ]

Discovery

significance
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Sensitivity starts with 1 fb!
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0.98

0.97

0.95

40.93

10.90

10.85

10.80

M. Schumacher Towards Higgs boson disovery: From detector design to final analyis Turino, 24.11.2009






H + 1,2 jet analysi
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s: improving S/B ratio

~ one jet:
Pr(jet) >20 GeV ; M, >350 GeV
S/B =1/12
accepted signal = 4fb

50% of signal from gluon fusion

“ two jets (VBF analysis):
S/B=1/2
accepted signal = 1fb

80% of signal from VBF
production



Comparion of expected performance

ATLAS = AToroidal LHC ApparatuS | CMS = Compact Muon Solenoid

Air-core toroids + i

MAGNET (S)| solenoid in inner cavity Only 1 magnet
4 magnets . : Calorimeters inside field
Calorimeters in field-free region
Si pixels+ strips Si pixels + strips

TRACKER TRT — particle identification No particle identification
B=2T B=4T
olp; ~ 5x10 p; @ 0.01 olpr ~ 1.5x104 p; @ 0.005
Pb-liquid argon PbWO, crystals

EM CALO o/E ~ 10%/VE + 0.007 olE ~ 3%/NE + 0.003
longitudinal segmentation no longitudinal segm.

HAD CALO Fe-scint. + Cu-liquid argon (10 &) Brass-scint. (~7 A +catcher)
o/E ~ 50%/~NE ® 0.03 o/E ~ 100%/VE @ 0.05

MUON Air — olp, ~ 2%(@50GeV) to 10% (@1 TeV) Fe — o, ~ 1% @50 Gev) to 10% (@1 Tev)

standalone combining with tracker




Entdeckungspotential bei ATLAS

® Erwartung fur 10 fb-!

§18
— Combined
% 16 L ATLAS PR ﬁ%}‘i‘;
5, L=10f" - N
8 ----- WW0j — evuy
312' - WW2j = eviy
310
8
6 L
4 -
2 F
[ ST S SN S N SN SN T SN S SR SR N TR ST S T S S
100 120 140 160 180 200 220
m,, (GeV)
- Entdeckung von 124 to 440 GeV - H>yy und =t jeweils alleine
- kleine Massen am schwierigsten keine Entdeckung bis 30 fb!



do/d|cose*| [fb/0.025]

Preliminary

—e— H—vy, 0 jets category (dots: MC, line: PDF)
—e— H—svy, 1 jet category (dots: MC, line: PDF)
—— H—3vyy, 2 jets category (dots: MC, line: PDF)
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—e— Background, 1 jet category (dots: MC, line: PDF)
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NLO (in QCD) cross section section used (except ttH, H>bb analysis)

NNLO (in QCD) and NLO (in EW) result often available and sizable
but for overall consistency and consistency with background not used

programs: HIGLU, PP2H, ... HDECAY by M. Spira et al. + CTEQ6M(L1)
pdfs

topologies for “early discovery”:
inclusive: H—>77->4 |leptons. HoOWW->lv Iv. H > 2 vy
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10 vs 14 TeV?

@® probably start with collision at 10 TeV due to dipole commisioning

1.0

0.8

luminosity ratios

0.0

0.6
0.4

0.2

[ pdfs: MSTW2007NLO

ratios of parton luminosities
at 10 TeV LHC and 14 TeV LHC

James Stirling

2

10
M, (

3

10
GeV)

at 10 TeV, lower cross-section for high
mass objects

d

u

e to lower. parton luminosities...

below ~

20

0 GeV, the suppression is <50%
(process dependent)

e.g. tt ~ factor 2 lower
cross-section (still 50x Tevatron)

above ~2-3 TeV the effect
is more marked



Rediscovery of the SM: W and Z production

Ilted Dy Sy
I
9500_||||||||||||||i|||I||||||||||||||||||_ %) B '|"'|I"'|"'|"'|"'|"'I'_
2 ] (O] — Wuv
Jap £7€€ (11 [ma] j oy Lo i
I% . N LT : 5 [ Preliminkry &2 ]
500 I [ Extrapolated Backgrod ) i )
- | I Sional ] -
2000 (! EEQCDNCstat (x50) 3 10° S,
- | a -
: | 2 L
10 (! Preliminary -
1000 1 L 50pb! 3
[z | 5
500 l .
B ' -
80 100 120 140 160 180 200
Invariant Mass Mee (GeV) My [GeV]
N—RB Process  N(x10%) B(x10%) Axe 0A4/A d¢)e o (pb)
O = —— W —ev 2267+£0.04 0.61+£0.92 0.215 0.023 0.02 20520+£40+ 1060
L Ae W —puv 30.04+£0.05 2.014+0.12 0.273 0.023 0.02 20530+404+ 630

Z — ee 2.71+0.02 0.23£0.04 0.246 0.023 0.03 2016+ 164+ 83
Z — Uuu 2.57+0.02 0.010£0.002 0.254 0.023 0.03 201616 76

@ Background: AB from control samples
® Acceptance: AA from variation MC model (UE, PDF,...)
@ Efficiency: Ae from “tag + probe” method

® Lumi error: initialli 20% not considered here



Lepton E/P; scale and resolution

® compare: M, line shape in data with different scales and resolutions in MC

muons electrons
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=

® muons: scale and resolution with 0.5 GeV for p, =50GeV for 50 pb-!
® electrons: scale 0.2% at Z mass with 100 pb-1
0.5% for central at other energies, else 1 to 2% initially



robe Muortf

Tag and Probe Method
P

® select on tight lepton and unbiased
~&/n candidate™ consistent with M,

® get efficiency from ratio of ,passed/all*

muons electrons
3 - oo ettt g > 0.9 | | 1 I R | |
15 eS8 et Gy S8 —g— £ 0.85
Q - — o —
= — — ] = = = -
0.9 =k ] = 0.8 ————
v - —— - .- . w 0.75 —— —e—
0.8F—#— & e T * ——] '
- e I & &k = ] 0.7
0.7 - ** = 0.65 “
- * . . . i
0.6F¢ . - Preliminary 0.6
—@® Muon Id: Monte Carlo truth 7 s
E. Muon Id: Tag & Probe 50pb-1 _: 0-55 Prel]m]r_]1ary
0.5 . - 05 ® Tag & Probe 50pb
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efficiency determined with accuracy of ~ 2% with 50pb-1



Event rates and roadmap

Prodcution rate at LHC

barn

ub

nb

(logarithmic)

pb

fb

Stotal

bb

Jets

t Higgs SUSY

Higgs — vy

iggs —> 4p

at design lumi

10°/ s (GHz)
10°/ s (MHz)

103/ s (kHz)

1/s(Hz)
1/h (mHz)

1/ Jahr (MHZ)

50

100 200 500 1000 2000
jet E or[}particle mass (GeV)

5000

Process Events (10 pb-1)
minumum bias ~ 00
W-ev 10°
Z—ee 104
tt->qqbevb 103

~10pb: - establish and measure SM standard candles (Z,W,t) and
use them for detector calibration (,tag and probe™) for e,u

- look for spectacular and/or simple signature of new physics

~100pb: - improve understanding of detetecor (ETMISS, JETS) and

of SM process relevant for Higgs/SUSY/... searches
- first sensitivity for SUSY at low mass,...

~1

fb:

- first sensitivity to SM Higgs

M. Schumacher Towards Higgs boson disovery: From detector design to final analyis Turino, 24.11.2009




In Situ Determination of Tau Performance

Y L (L BN | BN N BN NS L .

S N 1 QCD BG = same sign leptons

S0 | ' 1 signal =same sign - opposite sign

g I I Mean=53.8 Gev .

B 150 | | 6=106 Gev ] o

g I I 1 @ efficiency: compare measurements
ooF : \: 1 of o(Z>wr) with one of o(Z>uu/ee)
50 :_ -_ Sf:ka;round _:
sy e e @ fake rate: select dijet samples

visible m_ (GeV) apply tag+probe: A,.;<0.1% (100pb-1)

® tau energy scale:

‘E ZATLAS ......... ......................... ....... H compare visible m_ distributions:
1= S HHH MC with different tau energy scale
T m T and data (100pb )

s o i M — o

ZHHH{ ........................ ........ .......... : Red (black) 1 3 sigma lines

50:_'0|9' — 'o'95§ T §165' L '1'1__




Calibration of E miss

« E;Miss js one of the hardest
quantities to measure

« Understanding of all detector
components required

- Strategy: “calibrate” E{™iss with
known SM processes from data

« Example: DY-Production
of Z—uu
1. Tune Z—uu MC with data
2. Remove muons and compare
with Z—vv
3. Tune E;™'ss from observed
differences

ATLAS Preliminary

— perfect detector
- - - miscalibrated LAr detector
---.-miscalibrated LAr+Tile detector
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O-lepton mode: Z+jets
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In Situ Determination of Missing Energy Performance

® expected performance:

0.1~ ATLAS

Normalised Events / (1 GeV)

LA e e .
—50 <ZE. <60 GeV

0‘08:_Prellmma y

o
H ] ---200 < ZE, <240 GeV ]
o Offset=0.56+ 0.03

---80 <ZE; <120 GeV -

Offset=0.13+ 0.01
Sigma = 3.923+ 0.0047

Offset=0.24+ 0.01 —
Sigma = 5.211+ 0.004 |

Sigma =7.68+ 0.02 —

miss.
X‘Y)(GeV)
- - N

G(E

BEATLAS

Expected events in 100pb-1

.....

afPreliminary

Erd D, ] et LR e,
100 120 140 160 180
Invariant m, (GeV)

O =a- -v2E7r

® minimum bias (10> pb): no true missing ET
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a: 0.53 and 0.57

Aa/a ~ 6%

for low sum X E;

@ Z->tautau->lep had: missing energy scale from known M,

C ATLAS

1 determination

accuracy of 8%

©
o
T T

=3 ¢ deviation
from true M,

ETmiss scale



o FORWARD TRACKER CRYSTAL ECAL HCAL
Forward Calorimeters CALORIMETER

Solenoid

End Cap Toroid

3
ko ——

B=2T B=4T
TRACKER /5~ 5x10% p, @ 0.01 o/p; ~ 1.5x104 p, @ 0.005

o/E ~ 2-5%/VE

o/E ~ 10%/VE  uniform
no longitudinal segm.

longitudinal segmentation

HAD CALO o/E ~ 50%A~E @ 0.03 o/E ~ 100%/VE @ 0.05

iﬁ iiii Alr = o/pp~T7% at1TeV Fe — o/ii ~ 5% at 1 TeV

EM CALO




H-> 2 photons: optimising the analysis

by 45 g IS B L IR I ILRLLELE UL IR IR IR
§ 40 S 10— Background i ATLAS
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—e— H—svy, 1 jet category (dots: MC, line: PDF) |~ —=— Background, 0 jets category (dots: MC, line: PDF) 'EE ]
10F —— H-Yv. 2 jets category (dots: MC, line: PDF) 2-_ —e— Background, 1 jet category (dots: MC, line: PDF) & LN

5 g 5 :
: 1 1 -. 1 o ) 11 i I 1 -‘---- 1 “ I 11 1= QJ;_;]H?;".'_‘ 'V .b 1 ..‘ "‘l A '--.-V .b - " .. I I l '_". -:b - 1 I A.. 1 ‘ I 1 II : ‘:. I "— SALy e
00 01 02 03 04 05 06 07 08 09 1 % 01 02 03 04 05 06 07 08 09 1
|cose*| |coso*|

@ event categories due to mass resolution: pseudorapidity of 2 photons

25 25

(6) [15.1%] (8) [2.8%] (6) [24.3%] (8) [7.0%]
1.79 GeV 4 1.38 GeV 2.17 GeV . 2.00 GeV

(7) [3:4%] (7) [8.0%]
3.18 GeV 3.46 GeV

Left: O conversion

(4) [10.4%]

Right: >0 conv.

(6) [15.1%] (6) [24.3%]
1.79 GeV 2.17 GeV

1.92 GeV




H+0,1,2 jet analysis: improving S/B ratio

— N L B T
? 225 ATLAS
é 205_ Signal
§ 12; Irreducible bkg ® One Jet:
Kej - — ' .
E 14 | Reducible bkg PT(Jet) >20 GeV ; MjW>350 GeV

S/B=1/12
Signal = 4fb

50% of signal from gluon fusion
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Signal = 1fb
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