Physics at LHC
conference
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The Austrian Academy of

i#ﬂ Sciences

Founded in 1857, when the Academy was
involved in the project of the "First International
Polar Year”. It was responsible for founding the
Central Office for Meteorology and
Geomagnetism in 1851, the establishment of
mountain observatories and in 1909 founded the
Institute for Radium Research in Vienna.

The Academy provided Mme. Curie with the raw
material from which she first extracted Radium.
Some famous members: Christian Doppler,
Ludwig Boltzmann, Victor Hess (cosmic rays),
Ernst Mach and Erwin Schrédinger.

Currently, research on astronomy, materials
science, nuclear fusion, atomic physics, high
energy physics, space research and quantum
optics.
The conference was held in the “Festsaal” of the
academy. Among others, Beethoven and Haydn
played their own pieces there. Salieri (Mozart’'s
rival) conducted his own music there.
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*« Outlook

Many talks, cannot describe (&
all here

More information and
transparencies at:

http://wwwhephy.oeaw.ac.at/phlhc0. faess

Points adressed here:
LHC status
Higgs physics
Comissioning
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*M The LHC and the experiments
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*W LHC overview

Plans:

Startup

First collisions Summer 2007
L Aim to achieve 1032 cm2s still

' ! s in 2007

Increase luminosity within the
following years (potential
problems are the “electron
cloud” effect and handling

enormous 350MJ energy stored
in beams)

Machine limit is 2.5x103* cm=2s?
before beam-beam effects kick

in
_ _ _ Pb-ion programme to start later
Interesting fact: each dipole stored in the at L=102" cm2s1
Meyrin site costs as much as a Rolls-
Royce Jos Engelen
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Mounting the TPC Central Electrode
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Magnetic Monopole
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The Very Forward Region

'_\. |I'-I4 o T4
4 May 2004 3‘ m.:: Hﬂ.":»}__ Fiosgs ol Coame =iovs
Letter of Intent to CERN LHCC [LHCC 2003-057/1-012 rev. 2] ;5 _ E *’1 R
E I_" nl (1 % ||II'I-'|F 12 HHITI
Measurement of Photons and Neutral Pions in the ¥
Very Forward Region of LHC e 7
O. Adriani(1), A. Faus(2), M. Haguenauer(3), K. Kasahara(4), K. Wi
Masuda(b), Y. Matsubara(b), Y. Muraki(5), T. Sako(5), T. + ':'
Tamura(6), S. Torii(6), W.C. Turner(7), J. Velasco(2) Wk -.= o
- iy [Vaarkcle per - poa
The LHCf collaboration (tentative) ok N
F &
Abstract N X
72An energy calibration experimentis proposed for ultra high o
energy cosmic ray experiments in the energy range between .
10%eV and 10%eV. Small calorimeters will be located el
between the two beam pipes in the “Y vacuum chamber” ¥ _
140m away from the interaction point of the Large Hadron =il e :"I“" F,
Collider. Within an exposure time of a few hours at H gl s "
luminosity 202° cm2s?, very important results will be obtained 0
that will resolve long standing quests by the highest energy i J
i i i ETTT AEEETE EETIT RS RTTUETT EERETT SRR AETIT  EETITT ST EIERETT EWTE STT
cosmic ray physics experiments. T e 1o e 19
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111€C LU IVIO
Detector

CALORIMETERS

ECAL HCAL
Scintillating

o PPWO4 crystals

Plastic scintillator/brass
sandwich

IRON YOKE

TRACKER

Silicon Microstrips
Pixels

‘*-"‘h-

'-:*-.,,_L

k.
Total weight : 12,500 t % MUON
Overall diameter : 15

Overall length : 21.6 MUON BARREL ENDCAPS

Magnetic field : 4 Tesl| Drift Tube Resistive Plate Cathode Strip Chambers

j B Chambers  Chambers Resistive Plate Chambers
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ATLAS

Diameter 25 m

Foreward Calorimerers

Barrel toroid length 26 m
End-cap end-wall chamber span 46 m
Overall weight 7000 Tons
Puen Detectars Clectromagnetic Calorimeters
A b
SN, Solencid |\
- 3 ",I"a .-'f.
] -:—"='FT"-' —— ! : i
| 2BcY e : T : !
T a - = _——._.-
‘ y | o |
. — A
'_‘-?-— [ I| __ i s "-___;_::::__I

Barrel lorod

Inrer Detector 5 ;
Hadroric Calorimeters

Erd Cap Toroid

shielding



ATLAS Cavern
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The barrel EM calorimeter is installed in the cryostat, and after insertion of the solenoid, the cold
vessel has been closed and welded

The jvarm vessel has been closed as well, and the cool down of the whole barrel cryostat has starte
k

T of the barrel EM (and solenoid) are scheduled until September, followed by installation in
the pitin October 2004

LAr barrel EM calorimeter after insertion into the Solenoid just before insertion into the
cryostat cryostat
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Barrel Toroid

Most of the component construction in industry is
completed, cold mass assembly, cryostating and
€ tihg are executed at CERN

A\

Tave Deen assemp

-16 double pancakes of conductor (56 km total)

- 8 coil casings

- all He cooling lines welded (after the long-lasting
technical problems were solved) and installed

- conductor exits and instrumentation are all done

=4 Vacuum vessels

Ricardo Gongalo
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The ATLAS cavern yesterday

Ricardo Gongalo
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SM and SUSY Higgs
&W Phenomenology at the LHC

Standard Model:

One Higgs doublet with weak hypercharge
Y,=1 U 3 degrees of freedom for W+. Z._ aone
left corresponding to H b = (*f‘+)

.?-',ll
One free parameter: M,
' M, =114.4 GeV — O(250
GeV)

Hierarchy and unification problems in SM [
Abdelhalg{glgd}/?

Ricardo Gongalo 19



|
mipp— H + X [ph]
Vi= 1 TV
MHFL
= LTh el

Standard Model

gg — H: dominant
production channel at
LHC

gq - gqH: promising for
measurement of

Ay [T
|

il il

couplings to gauge ; e
bosons NS g B
- e ; R -Hmi T
qa9/gg - ttH: useful for ttH ¢ T
coupling measurement s " T ——
: Tt il
gq - HW/HZ: dominant at Jﬁf’ P

the Tevatron; low rates at
LHC 20



Standard Model

Production | Cross section calculations Decay channels
gg - H known at NLO for arbitrary m, and H-yy (M, <130 GeV)
approximately NNLO,; large H - WW®/ZZO (M, > 130 GeV)
corrections but nicely convergentin
perturbative order
gq - qgH known at NLO; small scale Rates: O(pb) for M, <130 GeV
dependency (measure of higher Topology: forward jets and central H decay
SEIEN GRS H-WWO/yy/1+1- feasible
H- ZZ/bb /u+u-need high £and more study
gq/gg -ttH | complicated; NLO available only Not mentioned
recently
gg -HW/HZ | theoretically very clean; available at | Dominant at Tevatron, but only marginal role

NNLO; known EW corrections (5%);
small PDF uncertainties (normalize
to Drell-Yan)

at LHC
H-bb (M, < 130 GeV)
H - WW® (M, > 130 GeV)

Ricardo Gongalo
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Standard Model

Higgs detection in principle
guaranteed in the SM

Many redundant channels

50 discovery for low £ once
all channels combined

Then measure:

Higgs mass and total width

Couplings to fermions and
gauge bosons

Higgs self coupling? (seems
hopeless)

Spin and parity quantum
numbers (challenging!)

Ricardo Gongalo
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5 ¢ SM Higgs Signals [statistical arrors onky)
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SUSY: the Higgs bosons of the MSSM

Two doublets of complex scalar . . .

fields with opposite Y=x1 [ 5 nET

Higgs particles: h, H, A, H* gl s Y]
= 1ELE Oy

4 masses and 2 extra parameters e ez

needed: tan = v,/v, and a BUT o e

constrains from SUSY:
Only 2 independent parameters:
tan 3 and M, usual
Hierarchy in spectrum: L
M, <M, <M, !
MHi > I\/IW 1
M, <M, I g I R o 1
Above relations are broken by
radiative corrections for large m,

Consequences: M,™* ~150 GeV;

m|n
tan Rlcar(ilb Goncgalo 23

Ap=2M, =2 %Wy 5
X = BAMg
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MSSM: cross sections

Neutral Higgs example for
tan B >> 1 and M, > 150 GeV:

; #EE g 0 vl b loops dominant in
_— _*_ft"";a,’ff_ WDE'E" wm_____n gg — H/A (coupling g;Dbb
s —l‘:e"IJ"“' r . I
A L T S f bb final states dominant
in pp - gg+H/A (
AH,h: .
: No vector-boson fusion or
Generally same channels as in associated production of
SM but cross sections enhanced or for A (@m) or i ooons
suppressed by different couplings (suppressed)

to fermions and gauge bosons T

H+1H-: EE':'H-!? ‘t _E-
(MHi < ~mt) b

gg/qq - tt - H*+X - 1*v+X

e E
(M, > ~m) 3 ‘t-
ng - Htand gg/gqg - Ht - v/ b — " jﬂﬁ__; e

cardo Gongalo 24



MSSM: regions of parameter space

The decoupling regime: > ATLAS 300m°
M, >> M, and tan  >> 1 - | ST
SM-like h with
115 GeV < M, < 150 GeV
Heavy H A /H+

The intermediate regime:
MA < 500 GeV and tan 3 < 5~10
h not yet SM-like; more difficult than SM

All production cross sections smaller
than SM

Couplings to WW,ZZ,tt suppressed and
couplings to bb, 1T enhanced

Decays to WW,ZZ,yy suppressed

Small cross sections for H,A,H+

production
Ricardo Gongalo 25
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MSSM & etc N Y IR

e 7 ?f;f’f?ﬁ AIF
Intense coupling regime: - ,;??ﬁﬁf g.f’:ﬂtlf- S8
MA< 120~150 GeV and tan § >> 1 3 %ﬁ;ﬂf (I
New and interesting features = @’:F,:r;j,:”f/ﬁ . s g ‘qu‘*}, 4 @"’ P
H,h,A light and of similar masses = - ,%3'»«’( 4 ;ﬂ? A e

Large production cross sections for . .
many channels m b / L =g
Also some problems: W e

[ T
;,;jf OMS, 100 b

-
:
3
B
1

|
g
]
3

H,A,h masses too close to each other ; g e
and with large width 12 ;-H-ﬁ, 2 max'mal stap mix'ng
Interesting BRs suppressed wrt SM 5 {,ﬂﬁﬁ scuark, gluira —> H/A+X —+ ok +X]
for both h and H — St ¥
SUSY regime: 104 200 X0 400 » [ T
Jime. -1 (GeY)

Not too heavy SUSY particles

Extended regime: SUSY

SUSY loops may play important role in extensions such as NMSSM (2
production/decay (e.g. light stop coupling H doublets + singlet) with less
to h) fine-tuning than MSSM. But ...

a(gg - h)xBR(H - yy) may be small (must more tricky!...
rely on gg/gg - h stop stop) 26



Higgs results from LEP

Nikos Konstantinidis

Ricardo Gongalo
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ALEPH Candidate 54698/4881

Properties

Two clear b-jets (dec. length, inv. mass of tracks in vertex)
Event well-measured: P, . in direction of jet with [ from vertex
Planar event, as in threshold production of two heavy particles
b-jets: 55GeV & 59GeV, like in a decay almost at rest

Non-b jets: 43GeV & 49GeV, like in a Z decay almost at rest
Raw invariant mass of non-b jets 92.3GeV

non-b jets: leading parton effect, low multiplicity (g vs. gluon)

Impossible to be a WW, almost impossible to be bbgg, very
unlikely a ZZ*ggbb and If it is...

One candidate is not a discovery, but if m,~116GeV this was
the first Higgs ever observed!

Nikos Konstantinidis 29



Non-SM Higgs searches

Fermiophobic Higgs
« h*—>yy

Invisible Higgs
e €.9. h° —> neutralinos

Flavour independent Higgs
e h°—> qgbar

Charged Higgs

« H*—> csbar or 1*v_

Neutral Higgs bosons of the MSSM
o e'e- —> hZ/hA h/A —>bbbar

Nikos Konstantinidis
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Non-SM Higgs results

For SM cross-section
1. Fermiophobic m,>117.2GeV

2. Invisiblem >114.2GeV

3. Flavour Indep. m,>112.9GeV

Nikos Konstantinidis

Limi¢t=109.7 GeV
Expected Limit=109.4 GeV

M, GeV)
_ LEP PRELIMINARY

mvounumnmmmsr- 0209 GeV




Charged Higgs results

L3 excess at ~68GeV, mainly In
cscs channel, not seen by ADO

; _ Observed ;
A Expectedbaokgmund

- Expected signal
Coooo o by L

" ADO 189-209

Br(H5tw)=0

Nikos Konstantinidis

92
my (GeV/c)

Independent of Br(H—>1v)
m, > 78.6GeV

LEP 189-209 GeV

80 85 9%
charged Higgs mass (GeV/c?)




MSSM neutral Higgs results

LEP 88-209 GeV Prelimin:

0 20 40 60 80 100 120 140

Nikos Konstantinidis

m,. (GeV/cz)

Excluded for all tan
« M, ,>91.0 GeV
. m,>91.9 GeV

The range of tanf3 that Is
fully covered depends on
the theoretical upper
bound on m,

33



E/weak data and the Higgs

log,,M ,, =2.05+ 0.20 =

A 10% measurement!

L A=

% 0.02761A0.00036 | |:
5 | 0.02747A0.00012 | [i
@ . e incl. low Q*data |/}

%, {4 Preliminary

Nikos Konstantinidis

0.20=0.13011 0.13[] 0.08

exp. AM, Aa(M2)

~30% Improvement wrt 4
years ago:

0.28=0.14110.15010.19

34



[Future Prospects

Assuming no discovery before 2007, emphasis will be
on electroweak fits

In “Physics at LHC — 2007” expect:

e Uncertainty from a negligible
e Am, ~ 3GeV

e Am,, ~ 25MeV

This will give

A(log,, M ,) = 0.10(exp) L1 0.09(top) [J 0.04(a ) = 0.14

Nikos Konstantinidis 35



Higgs results from the Tevatron

Boris Tuchming

»  Intraduction
* Accelerator performonce
* Experimental status
Beyond Standard Model
* MSSM : hbb
= Hoyy
* HH
Standard Model Higgs
= Th cross section
* H->Wbb

Main Injectar 5 Hes WWe
¥ Recyder

'.'Eaﬁdﬂﬁﬁunnhﬁ _ : |I.I5mr|$

~356avs biinef trogsing

Ricardo Gongalo

Prospects for the Standard Model H
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Experimental status
Still early stage of the data taking :

[ Jet energy scale
Understand detector performance mmmm) ) Jet energy resolution

= Test and improve reconstruction algorithms b-tagging

= Study instrumental background: Wissing €,

# jets faking leptons, photons
< = missing E_ induced by mismeasured jets .« Cross Sections ()

* jets faking b-quarks 2 .
Study physics background o
2 Comparison with LO Matrix Element Monte Carlo .
* (We+jets, Z+jets, bbj, bbjj)

@ Comphep + Herwig showering )

\. 2 ALPGEN + Pythia showering s

o iy
All these will be important issues at ATLAS! " |

Ricardo Gongalo 37



D&: WH->Wbb electron channel only
2587 evts for L=174 pb"

*  First preselection

= 300 i imin =174 pi*
s Ccentral isclated e. p320 GeV % T G ot S S ot ol
= Missing E, > 25 GeV = r + Duia

0]

s 22 jets: E>20, Gev |n]:2.5 § 20 U T~ s

w 14 | mET

= Background - .
* Whsjets production 100 rh
* QCD foking isolated electron . “ !—
* top pair production =
= s mria |u. GEE imany

T ]

Trnrl.“rﬂru Mass (GeV)
no b-tag requirement at least 1 b-tag at least 2 b-tag

D Run Il Prafiminary L= 1716

2 w0 - DO Fur Il Prefiminary L= rage’ | & | DO Bun il Preliminary L. 134 gl
II W4 O Jaks cupnite (L r Wi =2 jple svenis d Wi P iedtepged Jeie
8 com | 8B - ety
- [ ¥eifrm ~ ~ Expe.ct 8.3:2.2 evts W jts
a B oo " » Data 2 a4 B ooo
§ m s B axe E 15 s L *'-"g"! o observed Bevis ws
i} Vg = e § ac g | o
w il A Wotw
§ ﬂ 'IJ.th " ¥ i
F "- 10 | W cther
m‘ 'II - - —
I-I
e R T - = e
Djet Mass (GeV) 50 100 150 200 250 300 350 400
Dijet Mass (GeV) _ Dijet Mass [GeV)
?'h,u sl LHOC, Veetma L1 SRR R T ETEUHE SRR ok HE = e PR TR ol Tevatron 1%

Ricardo Gongalo 38



H->WW?* Praduction

* Signature: & il
> 2 isolated, high Pt leptans
2 |arge missi
IS oow dTw
@ spin correlation : The charged leptons tend to be collinear
* |low di-leptons mass ]
& small Ao (1) —
2 hckgmunds 10— | Zi-w . ’ : i .
* electroweak WW production S | Bewaes [|P@Runll Preliminary
o DPE" ?ﬂm Zf'f ‘I‘jﬂﬁ fﬂkil"lg "ﬁﬂim ET ‘E 10" _._ E Eﬁé;iﬂ lﬁa Ph—ll
- W“ iﬁﬂ fﬂkim EF!‘-CTI"HHS E : E :1"_‘-:15:- =T =
= diboson production: ZZ, WZ W[l oA

—
=
L]

D@ en channel: 10

Final sample: after preselection |
D e e e kT 225128 i 107 ineer
Cbserves 2 i E 3
Expritrd PR AN 3.1 =003 Bl =RE aF=05 2 0.5 1 1.3 2 25 3

[ A,
Ricardo Gongalo 39



Higs prospects vs luminosity prospects

| o | 9.5 fb! * Designprojection= challenging
8| s 1 * 8.5 fb'by end of 2009
o o a2 |8 5 * Base projection= conservative
- _'." 4.4 fb = schedule slippage
E .| [EYi® Bt Brse Projie |-.1 & undwgrfnm
i /f/ 4.4 fb' by end of 2009
T ——  Tevairon nggs Sgnsnfwrty Study 2003
e 0085 Fh! £ [ | ; ;
2009 4.4 ﬂT\'\i‘ T 7 g
= Base projection \"E\ e e — -
Range 115-130 covered for exclusiore i |
36 evidence up to ~125 GeV. R e i
_ L = 1 ottt S S v v b ST
* Design projection e i e s i
36 evidence up to 130 GeV 100 105 110 115 120 125 130 135 140

Higgs Mass my, fGanz}

5a discovery up to 120 &eV
Physics at LHC, Vienna Boris Tuchming - Higgs wesults from Tevatron |G




w Back to the LHC

J ad®

Ricardo Gongalo
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M Higgs ()T

- Decays & discovery
channels B - il
+ Higgs couples to m? : -

e Heaviest available fermion (b ] {.- —z
quark) always dominates ot

e Until WW, Z2Z thresholds open

¢ Low mass: b quarks— jets; [ | _
resolution ~ 15% A

e Only chance is EM energy (use "TIE fn'l H[ 2
vy decay mode) ; | ] L--,I-Jf'
+ Intermediate mass: WW, ZZ* : ?f.ff"_'x.ﬁml',',l
e Useful at M >125 GeV already " "_";5'.; /A L m-m'w_h_'_“ Sl
+ Once M, >2M,, use this -EF == "
e W decays to jets or o WwW
lepton+neutrino (E;™=*) 27 I—

P Sphicas Phy=ics at | HG
Higgs physics at the LHC Vienna, July 13, 2004 5



nggs diSCOVEl'y praspe a i

= The LHC can probe the entire set of “allowed™ Higgs

mass values;

¢ in most cases a few months at 2x10*3cm™?s-1 are adequate for a
5c observation

L] ] L) I L] ]
e W HE H =
Bt {H—s bh"

R R T i T

Wi Wl

= T =T vy

R N

e laial ergrdimance

Signsl Sugnificance
—
Fa

ATLAS

100 fb—" =

.

CMS, 30 fb ™

Statistigal Significance

iH HasWf s )

gH, HaE vy,
Al D
=TT — FEIY, ML
oH. H=y.TT

=y inciushie, NLO
W [ —bG

Total sigrifanee

LDQ 0 o - Raat 4011 .-";_--LI \\1
S
scale | ] o
ATLAR 100 " o “Ls.rﬁ'”.!md. .......
nz b fucinem '. ) '-.. -
K | 7
| - | L i L 1 I
1 '“|_.= ' e 100 207 300 100 50C 900
i (B2V) m (GeVie )
P. Sphicas Physics at LHC

Higgs physics at the LHC

Vienna, July 13, 2004
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Cross section varies from 10%(Iuw-mas§) to total (high-

mass): advantage: forward jets

Jet
\ Forward
4o tagging

‘/ jets O

9 Jet T'l

WW, 227 fusion

Very useful for WW* o el e —
) = - —Higgs signal m,=1 60 Gev /! - i ——t1g|fu-:hg13nund'h .
¢ Rainwater&Zepenfeld gy [ oo L9 B Lo b)
o 6(M,=120-140)~dpb £ | T
x 0y T i L
¢ compare to tt bkg: B L J,-PH oA=L J‘M [ﬂ"]"‘i
e FWD jets TP LY o ‘\E o [ Jg (Y
B r . i 4 3,
e Large n difference £ L L
g. {.] - B t-lf'|"l-‘lll PO e N A O :'T'I--q-‘ 1] I T I (O WL ';:‘:M—
e “Quiet” central region -+ =2 ¢ 2 o2 4 F Al
Ti
P. Sphicas Phiysics at LHC i

Higgs physics at the LHC Vienna, July 13, 2004



STANDARD MODEL HIGGS DECAY

114 Gevie® M7
(LEP2 limit) | |
- | = ~ — e T = —3
o : < WTWT e
ar i - #f
g0 | 77
: B =
& — :
50 eI j
= 10 F :
- - i
= o 1
e i
o : f
162 S
L — 200 300 400 500 1000
................................................ Higs Mass (GeV)
“Low” Mass Range VBF production mode enhances low
(i.e., LEP2 limit to ~2 M,) mass Higgs sensitivity
H—sy 1 smallest BR bt best resolution «Rainwater & Zeppenfeld (1997)
H->bb: goed BR but poor resolution .Beyond SM:Invisible Higgs decays
H-str: via VBE (Eboli and Zeppenfeld, 2000)
[T—WW= vy or (Tvgyg : via VBE Improves Higgs parameters
¥ i * _
HEALL - | measurements (couplings)

Ricardo Goncalo
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LOW MASS VBF FINAL STATES

H - WW* - 2% or ¥qq’ Main Background
‘-:'LL b -Tj“m,_ _--”"HF;|-
« Strongest channel: 125 < M,, < 190 GeV/c? | & /“4 T
. o '-
« Higgs mass from transverse mass (M) LTINS W! A
I T i R
s Il =~ WW jj [EW] ™
H - 1t - 2Av® or 2v had.v Main Background
. Strong near LEP limit M,, ~ 115 GeV/c? a1 Rﬁ‘“ﬁxi{:”ﬁ
. . fh g
« Higgs masg from co!llnear "'sjiq P iing =
approximation M_. with AM,,/M,, ~ 10% @ % ;Ljfﬁxaq
- F |j QD £ EW) —

2 jets VBF-style)

H - v !

e Sensitiv

e:115 < M, < 150 GeV/c?

- Excellent Higgs mass from M,
with AM,/M,, ~ 1.4%

Real non-resonant yy

Main Background

Fake non-resonant yy

—
—

.IJ""""H_\..\_-‘-.'

-

.

-\-"—_\_ -
%3
G

1"\

et |

-._.m.r

-——

Ricardo Gongalo




H- WWO_L 2%

« For M, < 2M,,: W’s at rest in Higgs center-of-mass: MM,

r- ;
HIGGS MASS Rt =\ (PE)? +mi,

RECONSTRUCTIO My = J{E{%ﬁ + B8 2 — (pff + pfries)2.

[
Fi — V‘{Rﬁ”” 12 +m3,.

ANALYSIS STRATEGY

« Leption identification ATLAS Preliminary -
«p;CUts on leptons ‘

O
Ul

ek oard

«Two energetic and well Used McENLO | @ ==

N

rapidity-separation for tag jets | for tt production -

«Leptons between tag jets

«Lepton criteria (angular,
invariant mass, p;)

Cross-Section (fb)
o

o © r © N
= o

O
a1

e Tau veto

. Invariant mass of two tag jets ol 2 e
. Transverse momentum 0) 10 100 150 200 250 300
balanq\ﬁ : : . . .
ultivariate (NN) analyses are also being developed with promising ~45%
sJetveto rmprovenernt

Ricardo Gongalo 47




SELECTED H - WW O 5 % % ANALYSIS DETAILS

Azimuthal opening angle of lepton pair sensitive to

LEPTON
KINEMATIC/SPIN-O
CONSISTENCY

dea/dAo (fh)

RHIEN

M <175 GeV/e?

1 I

kinematics and spin of Higgs boson

vl

My > 173 GeV /o=

TRANSVERSE
MOMENTUM
BALANCE

o If no hard initial- or final-state
gluons, p, of Higgs balanced by p;

of tag jets
. Pt = P 4 P4 PR 4 PR 4 PR

« At high luminosity, only broadening
of p, distribution; largely insensitive
to jets from pile-up

T SL BT
Pr (ton) (GeVie)

Ricardo Gongalo
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INVISIBLE HIGGS DECAYS VIA VBF

In a variety of models and scenarios beyond the SM, Higgs could decay
to new weakly interacting particles (i.e., invisible decay products)

SIGNAL
«Two high |n| tagging jets
.considerable @, in central region
«need to augment LVL1 IéT trigger
with 2 jets if not x2.5 less sensitive

BACKGROUND
e Zjj with Z-vv
«Wjj with W - %, ?undetected
« QCD multi-jet with semileptonic
decays and/or undetected particles

o | eV s SR | N e | O S e L e A e L I
Lizamhy | el =0l :_l'.-: ol LD | Pl | Rl WRA] LV DT | Sl LG
1l '?;:I".‘."IF'.:-I | 10l L | e | TVes 16D L8| AL D |20 L atd
B e R N S T ST
8 ek} [ESHURE RIS R NERY W E Model -dependent parameter
G Emat—mes [ER 2300 Shel | ERE RS I S| iR 2
¢ TN O R R R E] | | = =R [ ‘(’(qq* quH))
-=10 fb ; : o(gq -
95%, CL : 99~ 997 su

I:I.EE—""E"?fb-. i s ¢ it e

"IIr.

T N TR I T 1 ] 8 3 &8 T T Y T R B
‘F':lﬂ 150 200 251 300 350 -I1-l]:;!l'_'I
M, [GeVic']

Via VBF, possible to probe &2
values down to 35% for m, = 140
GeV/c? and down to 70% for 400

GeV/c?

Ricardo Gongalo
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¢ Bonus: several channels observable

ATLAS

= ayii e AT
é oy T & el — 7
VHE, crrmbimed
IR T T ] o OVEEF, s e a4 0

s Higgs-couplings determination = '
E F 1o = Ao ! B i e i ' \\
; R0 I Pt o) ;" o —I;.'.I el BUE S DHdl PEN QMR ldW 1| BGdE I GEE TWE J0eh
= ATLAS = B = WW iy my, (Lev)
_;. Tl = o gl — e W'
= & M = et
B Uidlal s e anier
[k |-
i Ftasd e o Sl B PO i okl AR B |
j EC] 121k (EI 1&ieh THL RTIE]
mg, {laaeh .II!':.'I
P. Sphicas Physics at LHC o
Hinos physics ai the LHS Vienna Julv 13, 2004



SM Higgs prapertles (1)

« Mass measurement
¢ Limited by absolute energy

= T
scale & [

=

10!

e leptons & photons: 0.1%
(with £ calibration)

e Jets: 1%
¢ Resolutions:
e Foryy & 4/ = 1.5 GeV/c?
e For bb =15 GeV/c?
¢ Atlarge masses: decreasing

precision due to large I'; 10 |-

¢ CMS =ATLAS

|I—- ,_:ll
Ly -

1072 L

] i i | | I | I [RE ==
B H WH, 1+ [H— ) -

A& WH, tHH (H — b

W H=-+WW = Ivlv S

r | T L S

: ' A Al ohannels:

-
f =
t a o
e llgty won®
ATLAS
300 fh-

M, (GieVic?)
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SM Higgs properties (ll): |
« Biggest uncertainty (5-10%): Luminosity

+ Relative couplings statistically limited
e Small overlap regions

aa T
E i oW H—TY
x O B HH{H - bb
ﬁ wOH S WW o Tyl
Measure Error Myrange ¢ o i
B(H — /) 5 2 ﬂTLﬁa -
s(H>) 0% 80-120 ¢ 300 fb
B(H —)y) e
BEo2z) 15% 125-155 e B A
io -
a(ifH ) | S =
~(WH) 25%  80-130 ] | 1
B(H—> ww") [ ot ool A o, _
: . 0, - 1 | i i PR SR R R A
B{H —>2Z"") A “ERR e M (Gewiesy 0
F. Sphicas Phiysics at LHC

Higgs physics at the LHC Vierna, July 13, 2004 21



Higgs properties (II): coupﬁﬁ

olge - H)-B(H - Www) = I Theemn: gg->H->vy ? My < 150 GeV
J{E;E—}H}-E[H—}ZE] I; ~4%, :j} {:: -I_ l".’]" -"I'r
olgg > H }}' B(H — yy 1} L T 0g->H->2Z >4lept My > 120 GeV
clge > H)BIH—=-2ZZ) I, T
el R ::} - ratrzine
(qq—rqqﬂl {H—}W'}:F I,
EEH_ R g
j:; i —— H g Th-=err: :}_ <{ rwl" r} ?W
Ei_%“- ~20% qg->qqH, H->vy ' M, < 150 GaV
T e é}——{i ~Tyw(T,/T)=X,
W ATLAS aq->0gH, Hotr " 0. My, < 150 GeV
b6l Ldt=30fb"
\ w'?;}—i-l-—< Ty (I T) =X
“F /\ 09 o, Ho Wi 2lept My > 120 GeV
o S Wlng, N Fiie [T LT =X
BN~ ey, Tty

T 180 130 190 150 1IEI] TR0 180 7ED
[V



Determination of Spin/ CP

Possible observables:
® Spin 1: no decays H — <~ or GF-Production (gg — H)
® Discrimination of Spin 0/ Spin 1 in WBF H — WW — v |

o H— ZZ — 4| : polarisation correlations of decay products

,:—F\ 0 i M P /
1\"- 2'1 ZF: JW

v, f"'-. !
B ) B 5 I_"
\ \ ; pt
R T ’ N
T

e Still under study: angular correlations in WBF and tt H / tt A

Michas] Dinrssen. #iggs Bosn Paramater Measuramienls a3 ihe t4C — p



Determination of Spin in WBF H — WW — [ v

5]

T | 1 Hige nignal mg= W0 o/’
s [=onT. Spin correlation of W-Bosons:
E - __- W¥ bchground ATLAS p | |
g [ —  For a Spin 0 Higgs Boson leptons
ﬁ_ i [ tend to go in the same direction.
Lk —  Evidence in distribution of transverse
- opering angle Ad for signal and
0 - background.
E ﬂ} 1 Higen mignel m.=1HDGu'~" B b] 1 Higge sgrd rm,=180 Lok
ﬁ- ’ = 0 v brdeprowd
E [ H 4+ % bodeground : [ kb 4+ Wboclground

I Y4 bockgraund

B W basioriur
075

I <175 GeV Vi =175 GeV

A (rad) A ¢ rad)

Michae Dlinrssen,. Hggs Boson Paametsr Measraments 3t e LHT - Pk



What if the Higgs isn’t found directly?

WW scattering

In the SM, the Higgs boson
IS necessary to keep the
WW scattering cross
section finite.

fams]

Otherwise, it becomes > 1 g
for vs > 1~2 TeV

mp W, W, scablering probens the unlonoss n dy niwogs ol Ly,

WOV s

M.Chanowitz
Ricardo Gongalo
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Both the observation of WW
scattering and its absence can give

us information on EWSB o



&W LHC startup

Allegory for LHC: Huge mess; lots of
collisions per bunch crossing; a few particles
emerging at high p,; spectator quarks in
beam remnants do nothing very useful

Ricardo Gongalo
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oCelalos 101 L~ yedl dl

Which detectors the first year ?

LHC

RPC over N 1<1.6 (instead of 1N |<2.1)

4" [ayer of end-cap chambers missing

2 pixel layers/disKs instead of 3

TRT acceptance over | 1< 2

(instead of 1N 1<2.4)

Both experiments: deferrals of
high-level Trigger/DAQ processors
LVLI output rate limited to
50 kKHz CMS (instead of 100 KHz)
~ 25 KHz ATLAS (instead of 75 KHz)

I'mpact on physics visible but acceptable
Main loss : B-physics strongly reduced (single |A threshold p, > 14-20 GeV)

Fabiola Gianotti
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L1 ‘ Machine start-up scenaric
(from Chamariyw XTI Wearkskop, Jarwamy 2603)

~ 30C dipoles delivered
w200 2ald-tested

~ Januory 2007 - March 2007: machine cool-down
~ April 2007 : start machine commizzioning (meinly =zingle beam)
~ Summer 2007 : two beams In the machine = first collisiens
-- 43 + 43 bunches, L=6 x 10% em™ 57
(possiblie scenaric; tuning ¢f machire parame®ers) } ~ 4 months
-- 936-936 bunches (bunch spacing 79 ns, no electron cloud), L » 5 1032
-- 2-3 month shut-doan 2
-- 2808 + 2808 bunches (bunch =pacing 25 ng), L up to ~2x10% (firset year goal)
- ~ T months of physles run
A lot of uncertainties in this plan > here assume 1- 10 fb' /expt

on tape affer the first year of operation

F. Slanotti, "Physics at _HT, Vie



Case study: impact of LAr calibration on H->yy

rate = 1 Hz at 10*2 ~ no background,

)  Firet collizsione = callbration with 2 — ee events B ]
allews ECAL standelore celicration

Crer = £ B¢ e = 0.5% demonstratec at the tazt-baam ever unite Ay Ap= 02 = 0.4

cpn = long-rangs response non-uniformities from unit To wnit (400 Total)
l imodule-to-mocule wariations, dif ferent upstream matericl, ete.)

Use £+ eeeventz and Z-moss constrant fo serrect long-renge non-uniformities.
Fram full simulation ; = 260 e* / unit needsd toochieve ¢ =04% — ¢, =05%204% <07%

—

~ 100 L — sa events (few days of date taking at 1077)

“Jevertheless |et'z zonsider the worst {unrealistic ?) scenare  nz corrections apelies

v = L3 % measures on-line" pan-uniformity of ndividual madulas | e | L, 5 2% |
v = L5 % no calibration with £ — ce r -

Hi impl ' -
z:ni;:iia:: Fﬁﬁ?:;}:?;::::f:? e =y significance my~ 115 eV degroded by ~ 25%
- need 50% more L for discovery




What measurements?

ATLAS

m“_' —E L I3 ob— | £ 1 waes af 1077}
Experiments will start with yowls: I '
reduced detectors: impact 2un - iy
visible but “acceptable” =3 § ﬂﬂ}l{ g,F
Main loss in b-physics s — A ey ﬁrf'm' I
Capabllltles p y / 1'5- Hﬂ-l;l.ljl:-'l"l'.:;l W= gt DAL PG 'S !F:'Etl H-':’-:‘
LHC will be a top factory (1 CRITERN - it PSR S o e S
top/s): should be able to get A1) Sav

mass peak even without b
tagging

Use top as an instrument: peak
iIn wrong place will indicate

wrong CAL calibration during |
Startup = g4l fl=g )

During 1 year may get clear - lj\ﬂl [
Higgs signal IF Higgs is ; ” 4
reasonably heavy L I]Lﬂ “HEH A [ g
m > 180 GeV
Ricardo Gongalo 61
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SUSY mass scale may be found quickly

Llging multijet «+ EX™ (mast sowerful and
model-indsperdent sigrature if R-pority conserved)

Peak position correlated to M- oy = 10 [ (i), an (21

. Events for 10 fbl-m L?:f;m s g EYRAS far 1 T;:'E = bEnI:L_T::;.-e:-I._nd 5
-'E“ o P |' " B et T -\__- | I N | | 1 1 1 :
B /‘ l'.I_'i_'-:-_t'" S UULTET ~.'I : _1"';-..\" m{q. g)— 1icW¥ .
1,:.5 = = | EVaTNOA rMeoch s i f‘ “f .I".TLF!I.E:I
- LI:" i 3
= = |
10t '1[ *o | E {5 B0 BaV o = i
S 7, v EF B0 BeV )| . |“.';—.-:5- ]
183 | L . E| " D= I_ﬁ 1
= 4 - o =
(But O, ] apm T #
197 A Ty E 3 o E
measurement : i Lo - i e
of sparticle L Bliree ) [ ;
masses will s | . i 7 I _
o ' i 1 a1 Sl il I T T Sig b
take > 1 y_ear) S i | A T e el

4 &
. a M EF 4 YE ) (G My B2 ¥a ten) (Ge)
g = =
=

1 = e 2 .

"‘w)\ »q  From M. g peak — first/foet meesurement of SUSY mass scale to = 20% (10 %6L mSugR4;
- A0
T e

i'. Y Detector/parformarce Faquiramants
b --gueliy ot E+™" mensurement (calorimeter inter-calibration, crochks)

~ uze contrel gamples [e.g. £ — || +jetz)
- "low” Jet / E{ME trigge~ thresholds fer low masses ot overlop with Tavatron region (~200 SeV)
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If electroweak symmetry were not hidden . ..

t> Quarks and |eptons would remain massless
> QLD would confine them into color-singlet hadrons
(= Nucleon mass watlid be little changed, but proton outweighs neutron

> QCD breaks EW symmetry, gives (1/2500:xobserved) masses to 117, £,

so weak-isospin force doesn't confine

I~ Rapid! [i-decay — lightest nucleus is cne neutron; no hydrogen atom
(> Probably some light elemants in BBN, but x Bohr radius

r- Na atoms {as we knaw Them) means no chemistry, no stable composite

structures like the solids and liquids we know

Chris Quigg
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A Decade of Discovery Ahead . ..

> Higes search and study: EWSE /7 1-TeV scale [ptyp colliders; e — L]
= CP violation (), Rare decays (K, T, .00 [0« =, fixed-target]
> Neutrino oscillations [iv., /e, reactors. 1+ beams|

> Tap as a tool [pTp colliders; «+¢ = LC]

> MNew phases of matter; hadronic physics [heavy ions, ep, fixed-target]

= Exploration! [colliders, precision measurements, tabletop, . ]
Extra dimensions / new dynamics / SUSY [/ new forces & constituents

= Proton decay |underground]

= Composition of the universe [SN la, CMB, L55, underground, colliders]
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