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c* PR - T he Ana]gsis Cha”en%e

« The Higgs decay to bb is
still dominant up to ~150
GeV, the Weak Bosons
1 then enter the game

 However, H>4 leptons has
........................... ,. a clear signature as well as
. H->vy with BRs of O(10-3).
This is a challenge in
analysis which makes the
need for measuring
background from data
mandatory!

1T 1TT1T1

1 Illllll

The decay to tt, though
only a few % is still very
appealing for the medium —
light SM Higgs
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1000

« For MSSM Higgs bb and 1t
are dominant



| O = PBrief Status

« Engineering run originally foreseen at end 2007 now
precluded by delays in installation and equipment
commissioning.

« Beam commissioning starts May 2008

« First collisions at 14 TeV c.m. July 2008

* First month devoted to collecting millions of minimum
bias events and di-jets events for first alignment,
calibrations and performance studies of the detector
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| HC - Brimc Status

!s reporle! !y !ergio Bertolucci, LPO7

Pilot run pushed to reach 1032 cm2 s by end 2008
This is equivalent to O(100 pb-T)/experiment

Use Z->ee,uu to calibrate, align and understand the
trackers, the EM CAL, and the Muon system.

Use W->jj to calibrate jets and study b-tag performance
(tt=>blv bjj)

“Rediscover” SM Physics at Vs=14 TeV, this is your new
background

After all, the LHC is designed to go beyond the known SM
Physics, first and foremost to discover the Higgs Boson.



ATLAS Atlantis 1996-10-04 02:49:20 EDT Event name: JiveXhL

Tracks in the Muon chambers
and in the
Transition-Radiation Tracker
TRT
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Prospects for the search for a standard model
Higgs boson in ATLAS using vector boson fusion
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The Refcrences

Working plots with updated statistical methods.

L dt=30fb ™"
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qqH— qqtt
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H— ZZ— 4l
ttH,H— bb

H— WW— v Iv
Combined

12

180

200
M,(GeV)

ATL-PHYS-2004-034

h
'.):I 01 December 2004

&

Statistical Methods to Assess the
Combined Sensitivity of the ATLAS
Detector to the Higgs Boson in the

Standard Model

Kyle Cranmer, Bruce Mellado, William Quayle, Sau Lan Wu

University of Wisconsin - Madison
Department of Physics

Abstract

‘We discnss statistical methods used to assess the combined sensitivity to the
Standard Model Higgs boson using the ATLAS detector. The combination is per-
formed using the likelihood ratio as a test statistic. Combined results are caleulated
using the results of a recent scientific note. Difficulties in calculating the signifi-
cance using likelihood ratio techniques in the high event rate and high significance
environment of the LHC are discussed, and software packages which implement so-
lutions to these problems are presented. We also provide a brief discussion about
different ways to incorporate systematic error and introduce the statistical notion
of power to the ATLAS Higgs search.




muﬂ-’i 20 Ge\/

B i ) A H->vy, classical bump hunting
BR ~2-103

BORN BOX lIrreducible background (now at
q | NLO compared with TEVATRON)

209909 3 « S/B~1:20. requires control of the

Quarkg Z background
i

 Normalization via side bands

7 B e e * For best mass need good

S energy

“xﬂ * Need to reject fake photons and
photons from pions.
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Working plots with updated statistical methods.

—=— H-> ZZ— 4l
s ttH,H— bb
—2— H->WW-=Iviv
—o— Combined

| DC1 analysis with NLO cross sections |
= 14
B — 30 fv”" integrated luminosity
. 12 100 fb" integrated luminosity
2
n
o
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Sensitivity can be

Increased by inclusive

searches separating to

— H+0j

— H+1j

— H+2j (dominated by
VBF, gqq—=>qqH)

Resolution on mass

~1.6 GeV

(@ m=120)

Excellent prospects,
especially for L>10fb-"



he Go]den Channe] H%ZZ*%‘% ]eﬁtons
T R 4 + Very low BR of H>ZZ* for
LE 3 low-medium m,
* Yet, very clean and
therefore appealing
especially H>ZZ*>4pn

» Resulting reconstructed
mass resolution ~1% (1.6-
2.0 GeV)

, - » Reducible backgrounds
T3 (reject through lepton
isolation, IP cuts):
— Zbb—>4leptons
— tt->4leptons

o ZZ*ly*>4 leptons
irreducible background
dominant after selection
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—&— gqH— qqWW
—4— qgqH- qart

. . o —¥— H-vy
Working plots with updated statistical methods.
ap 8 e HsZZs 4l

—— ttH,H— bb
jL dt=30fb_1 A HWW=viv

—o Combined
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H->4 leptons

Sensitivity best
for ~160 GeV
and heavier
Higgs Boson



Al essonin Sﬁstematic |

* In absence of  For 50 one needs
systematics S_ca
significance can be b
approximated to be % * For 10% systematics

this implies

« However if there is
systematics, say, Ab
the significance is

S S

reduced to Joiazn)  AD

E>O.5
b
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Al essonin 5

stematics, tt

Significance
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Working plots with updated statistical methods.

jL dt=30fb ™"

—&— gqH— qqWW
—4&— (qH- qqtt
—=— H-> ZZ— 4l
s ttH,H— bb
—2— H->WW-=Iviv
—o— Combined

ttH, H->bb

A multi-jets final
state

Looked promising
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| | | | |
180 200

until fast simulation
was replaced by full
simulation and

systematics killed it

M,(GeV)



Significance
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—&— gqH— qqWW
—4&— (qH- qqtt

Working plots with updated statistical methods.

jL dt=30fb ™"

—=— H-> ZZ— 4l
s ttH,H— bb
—2— H->WW-=Iviv
—o— Combined
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H>WW-Ivlv
with |-l spin correlation

Dominant for m~2m,,

Signature of 2 isolated
leptons + missing E;

No mass peak, use
transverse mass
need to understand
missing E;

mr = \/2 PrEr (1 — cos Ay)

Main background from
Wi(b) and tt, rejected via
jet veto, yet systematics is
still >10%



qqH, H>WW, 1

Signature:

— central jet veto
(only signal decay
products in the central
region)

— two high p; jets with
large An separation

Success of channel
relies on understanding
of the Missing Energy

WW, Z7 fusion

Higgs
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Working plots with updated statistical methods.

jL dt=30fb ™"

—¥— Hvyy

—=— H-> ZZ— 4l

— 4 ttH,H— bb
—2— H->WW-=Iviv
—o— Combined

evts/5 GeV

21

8: T LB S
7 [ ] my=120 GeV
: 6
. . 7 jj )
106\/ 120 140 : N ]
4 ] tt, WWEW -
3 =
T —>eu+ B E
-1 _E
30 fb 1 =
0

m__ (GeV)

80 100 120 140 160 180
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qagH, H>WW,tt

The 1t decay mode
extends the sensitivity to
lower Higgs masses where
there is a BR(H—>11)

Mass can be reconstructed
for tt using the collinear
approximation
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T owards (_ombination of (_hannels
e~

« Discovery:
If the probability of the
background to give an
observation as or more \.
incompatible than the
observed one (p-value=1-CL,) iS \p-atue
less than ~2.8:10~ ‘ k
we claim a 5c discovery L, -

« Exclusion: —
If the probability of the would A
be s+b to fluctuate down and
give an observation as or less
compatible with s+b, is less /
than ~5% we claim an
exclusion at the 95% C.L. wt/ X,

+
99 s+b



Jhel [ CLfCéﬁ Method

 The C&H is a hybrid (Bayesian nature)
Integrate on all possible values of
unknown true b

r]expected — ,LIS T b
Prob(Nyy, by, | £2) = | P(Nyss | 225 +b) 7 (b)dlb

« 77(b)is the prior of b, e.g.
7(b) ~ G (b | b, 5)

obs

23



Froacilin% the Likelihood

+ Profile Likelihood: () L%i(g;))

Where S,b are MLE

Eas

b(s) 1s the MLE of b given 1

N N N
= N} N
o o a

24



T R, TN

o Ap) = L(f(i(b distributes as a y* with 1 d.o.f

* This ensures simplicity, coverage, speed

25



The Froﬁ]e Likclihoo&

e R SR LGAORC Lol AR e
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2 —2logA(z£No,)=N?
M) = L(us, b(ps)) “

L(jis, b) N =/—2log A(x)

In particular if we generate background only
experiments, A(u=0) is distributed as y? with 1 d.o.f

Discovery has to do with a low probability of the
background only experiment to fluctuate and give us a
signal like result....

To estimate a discovery sensitivity we simulate a data
compatible with a signal (s+b) and evaluate for this
data A(u=0). For this data, the MLE of p is 1



With 10% Eackground Systematics

For b=100 with 10% systematics, significance for S/NB=5 drops to ~3.6

B=100
| | | | 5

5.73e-007 .

6.33e-005

1 — CDF\2(%)

2.70e-003

4.55e-002

3.17e-001

2 H



Results
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Discovery significance (o)

B L LLUSTRATIVE

E.G. & o. Vitells
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I™ xclusion with rofile | ikelihood
AT T TN e

« Exclusion is related to the probability of the
“would be” signal to fluctuate down to the
background only region (i.e. the p-value of the
s+b “observation” )

* Here we suppose the data is the background
only and the exclusion sensitivity is given by

N =/-22(u =1)

 Exclusion at the 95% C.L. means N=2

30



Exclusion —~ Moderate

>

5.73e-007

6.33e-00¢

2.70e-00¢

4.55e-00z

3.17e-001



ATLAS Exclusion Sensitivitﬂ

Exclusion significance

| ILLUSTRATIVE 12
E.G. & 0. Vitells
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ICE" _8
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- |
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Cases for ]LC

* OK, so LHC discovered a Higgs Boson, now
what?

 What happens if we observe one Higgs and
nothing more’?
— Is it a SM Higgs Boson?
— What is its width?
— What is its spin?
— What are its couplings?

« Even though some properties can be probed

with the LHC, if the LHC is a Higgs hunter, the
ILC would be a Higgs Probe.....

33



rom | FC to ]l C -

The LHC Early Phase for the ILC

April 12 - 14, 2007

The LHC will produce its first physics data at 14 TeV in 2008 and has the promise of making groundbreaking
discoveries with the first few femtobarns of data. This will certainly have profound implications for the
complete high energy physics program. It is now time to examine the scenarios that may occur in the early
phase of the LHC operation and investigate their impact for ILC physics.

A workshop on the LHC early phase and its impact on the ILC will be held at Fermilab, April 12-14, 2007. The
purpose of this workshop is to bring together the LHC and ILC experimental and theoretical community with
interest in collider physics to assess the prospects for LHCI/ILC interplay based on early LHC data with an
integrated luminosity of about 10 fb-1.

The workshop will combine plenary and working sessions, with the idea of initiating specific projects in these
areas. We expect this activity will ramp up into a series of workshops throughout 2007 and 2008.

34



M rom LH to ]LC

K. Desch, LCWS 07
Also workshop for the LHC early
phase for the ILC, Fermilab, 07

Interplay and Synergy

HC + LC>HC
HC (‘D LC = HC + LC LHC/ILC Study group
# Phys. Rept. 426 (2006) 47
HC ® LC>HC & LC

LCWS Korea 2002

ELSEVIER Phesice Repects IO IN-IN

e e N—

Conclusion 2002-2006: Physics interplay of the LHC and the ILC™

i The LHCVILC Study Group
C. Weiglein®*, T. Barklow®, E. Boos®, A, De Roeck?, K. Desch?, F. Gianonid,

[ § R, Gudbole’, 1F Gunion®, H.E. Haber™, S, Heinemeyer?, 1L, Hewell”, K, Kawagoe',
Te'r'a'scule phys = needs bo-‘.h K. Monig!, MM, Nojiri®, G, Polesello™ ', F Richard™, §. Riemann', W.1. Stirl I:-g”.

toAG Akeroyd”, B.CCAllanach®, D Asner!, 5. Asztalos®, Ho Baer'. M. Battaglia®, L. Baur'.
LHC and ILC P Bechtle®, G, Bélanger', A, Belyaev', EL. Berger®, T, Binoth™, G A, Blair®, 5, Boogen?,
' F Boudjerna”, D, Bourilkov?, W, Buchmiller™, W, Bunichev®, G Cerminara™,

M. Chiorbeli®, H. Davaudiasl®, S, Dawson, 5. De Curtis™®, F. Deppisch®, M. A. Dinz*,
I I ML Dittmar™, AL D_iouh‘.njt"'. 0. Dominici™, UL Ellwanger™, 1L, Feng™, LF. Ginzburg".
A. Giolo-Nicollerat™, B.K. Gjelsten™, 5. Godfrey™®, D. Grellscheid™, 1. Gronberg?,
Many exump es for‘ Vo B Gress'™. L Goaseh™, K. Hamaguch™, T, Hao™, 1. Hisaoo™, W, Hollik™, C. Hugome™,
T. Hurth™ 4, 1. Jiang™. AL Juste™, . KalinowsKi™. W, Kilian™, R. Kinnunen™,
P8 Kramlho, M. Krnwezy k™ AL Krokhotine®, T, Krupovnickas™, R, Lafaye®™ S Lehti®,
. . . H.E. Logan™, E. Lytken™, ¥, Martin™, H.-U, Martyn™, DeJ BMiller™ " S, Morelti™,
« Joint interpretation ' F. Moorigat’. G. Moortgat-Pick* M. Milillcitner*, P. Niczurawski%,
A Nikitenko™ 8 | H O™ P Osland™, A F Osoric®t H. s 1 Plehn!!

(added Val ue frlo m ILC) H W, Porod™ -1 A Pukhov®, F, Quevedo®, Id. Rainwater™, M. Ratz™, A, Redelbach™,

L. Reina'. T. Rizzo®, R. Ruckl™, H.J. Schreiber. M. Schumacher™., A. Shersinev®,
. 1M1 S, Slabospitsky®®, ], Sola®® 2@ A Sopezak®™®, M. Spira®, M. Spiropulu?, Z. Sullivan®,
J Ol n‘l- ana lys es M. szleper®™, TM_P. Tait™, X. Tata**, D.R. Tovey®™_ puthorA. Tricomi®, M. Velasco®d,
i DoWackeroth', CLEM. Wagner™ ™. 5. Weinzier™, P Wienemann™ . T. Yanagida™ ",
(fBEd baCk fr'om ILC ‘l-o LH C) AF. Zarnecki®™®, D, Zerwas", PM. Zerwas™, L. Zivkovic®

K. Desch - Report from the Early LHC for ILC Workshop
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The (_ase of Obscrving One Scalar

- Even if the Higgs is A1LAS preliminary
supersymmetric there is a 5
large region in the ]
20
parameters space where \
the LHC can observe only
one of the Higgs Bosons only H,
; | H, and/or H,
5 +-
 An accurate ’ H
measurements of the 3 S e
couplings & BRs of the , "
observed Higgs can , _ ,
: theoretically inaccessible
reveal its nature

100 200 300 400 500 600 700 800 900 1000
/ T
M, (GeV)
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 Here m=120 .
BR(H — bb)/BR(H —WW)

" [BR(H — bb)/BR(H —WW)],,

800

700 -

600

m, (GeV)

500

400 -

300

200

=100 -50 0 50 100 150 200 250 300 350 400 450 500

Am, (GeV) Amt(GeV)

Am, = 30% for m, = 800 GeV
also in parameter regions where
LHC is blind

LHC/LC interplay in the MSSM Higgs sector

Georg Weiglein and Sven Heinemeyer ,Lidia Zivkovic ,E.G. ,Klaus Desch

37 JHEP09(2004) (September 2004) 062 2004 .J. High Energy Phys

Moriond QCD 2006 - Helenka Przysiezniak

LHC: for 300 fb-! and
110<mH<190 GeV

— Ag?/g? ~ 10%-45% (except for b)

- AFHIFH -~ 10%'500/0
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2 Experiments

J.L dt=2*300 fb
WBF: 2*100 tb !
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The UItimate (Hoal: Frobing the S5 Sector

Derive 95%CL bounds from y2 fit to
m,;, shape

SM assumed to be valid except for self
coupling.

Assume m, precisely known, and
BR(H—->WW) known to 10% or better.

—->HH->
WHWW)—(jjezv) (jjev) (€ = e,)
for m>150 GeV/c2.

The self coupling A is determined to
éGC\);300% within 1o for 150<m,<200
e

This will have to wait for a future
collider

H
g :3:X] .
H
4 Qungo -
H
r
g wouw ) p-——————---- H
AT
g hunn e o
b
i | \ |
3 pp — U E 4]
I \ Vs = 14 TeV
- L 300 95% CIi Timits
w2 — . - — R
=< I : SomEn
= 600 !
=
nl
<
| 1
= L
"m i 3000 b7t -
= I : N SH
~< 0 <
- I o | S....3000 b7t
- 300 bt —o-- 600 b ]
1 i A e I
140 160 180 200
my (GeV)

Moriond QCD 2006 - Helenka Przysiezniak




The UItimate (Hoal: Frobing the S5 Sector

« Self Higgs coupling is not a
piece if cake for a LC as well

 Needs >1 TeV with a
polarized electron beam and

1 ab-'to probe it to the level
of ~10%

« This by itself might justify a
LC (If we observe a scalar)

39

K. Desch, LCWS 07
Also workshop for the LHC early

phase for the ILC, Fermilab, 07

Bhs/hs [%] Higgs self coupling sensitivity
60 Elattaglla Boas Yac: hep pwu1 11276

miL)=1as’ 100% electron
100% efficiencyPOlarization!

100 150 200
Higgs mass [GeV]



Some Things LHC (_an Also Do

Moriond QCD 2006 - Helenka Przysiezniak
« Combining CMS and ATLAS
with high luminosity (yet

-1 H, WH, ttH (H—vy)

/mH

accessible within a few years) =0 F A WH, ttH (H—bb)
with channels like H—yy, 3 “Linc-na
H—-ZZ(*)—4f, WBF - o WH (HSWW-shviv)
H—tt—{+hadr an accuracy of A A all channels

0.1% might be achieved for the
mass with m,~120-400 GeV,
that is not so different from LC

 This is under the condition that
the systematics on the energy -
scale is below the 0.1% for i ATLAS + CMS

— -1
photon_s/electrons and below - fLdt=300"fb
1%f0rJetS.... 10-4 | 1 1 | 1 1 | | |

2 3
10 10
m,, (GeV)
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FDG 2OXX7?

E.G. Higgs&SUSY Orsay 2001

Conclusion:

SUMMARY TABLES OF PARTICLE PROPERTIES
Extracted from the Particle listings of the
Review of Particle Physics

Published in Eur. Jour. Phys C3. 1 (2012)
GAUGE AND HIGGS BOSONS Available at http://www.eilamgross.com
= Jre=(++a] %% Or alternatively and much more interesting:
Charge =0
Mass m=120.0+0.040 GeV [P] GAUGE AND HIGGS BOSONS
Full Width T" =3.6+0.2 MeVI[?] %,
[b] on o | LB
HDECAY MODES Fraction .
bb (67.8 £1.6) % h pEcay MopEs!®] Fraction
ce (3.08 £0.25)% bb/WW %, 11.06 £0.25
T (6.8 £0.35 )% R=(bb/WW) 1 eas/sm 1.32
gg (7.04 = 0.38)% A
vy (0.21 £0.0 5)% o
WW (13.3+6.6)% Mass m=400.0 % 25 GeV [d "%
[a] LC, [b] LC/LHC, [¢] LC-A Global Fit, [d] LC indirectly
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Conc!usions

T T T, TN

 LHC is a discovery machine
 LHC is scheduled to deliver data starting end of 2008

« The optimist expects to see a hint of a Higgs Boson by
the end of 2009

* The pessimist will wait another year
« SUSY might come earlier
 The ILC is a probing machine

 The ILC can measure some properties of the new
particles discovered, yet hard to measure, by the LHC

 |LC can tell a SM scalar from a SUSY scalar
 [LC with high CM and high luminosigy can probe SSB
« |LC seems to wait for the LHC.....4

42






Luminositg — ec}mologg Pushed to the | imit

N2f N

| ~ P rev: “bunches

0,0,

 Beam parameters at LHC

—Np;’IO11 ;o =15 um; f =11 kHz;
Nbunches = 2803

—L~10% cm2 s1'=10nb's''=10’'mb-1s1,

N=L.c 2
Access to rare (low cross section) processes
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How Does ]t HaPPen I ATLAS

—|nner detector

» Pixel and strip silicon detectors at small radii
« Straw-tube “transition-radiation tracker” (TRT) at larger radii

—EM calorimeter

* Lead - liquid-argon sampling calorimeter

—Hadronic calorimeter

 |ron — plastic scintillator calorimeter in barrel
» Copper — liquid-argon calorimeter in endcap

—Muon spectrometer

« Drift tubes for precise tracking
« RPC and TGC detectors for triggering
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Te”ing an | lectron from a [ion - TK

Electrons, in addition, interact with
the plastic coating of the tubes
emitting X-rays which help to
distinguish electrons from Pions
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ged particles
ionize the gas filled in
tiny tubes (4 mm
diameter) with straw
like anodes which
collect the electrons.

There are over
300,000 1.5m straws in
the end cap and over
50000 0.5 m straws in
the barrel region




