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__PhysicsGoalsof the LHC

The Standad Model of paticle physicss a paticular QuantumField Theay that repesents
our bestunderstandingf paticlesandtheir interactions.

The standad modelis verypredictiveand hassurvivednumerougrecisetestsoverthe yeas.
The only particle of the standad model that we havenot observeds the Higgsboson.

Despiteits successywe havereasonto believethat it is not the wholestaory: we expect that
therewill be somedeviationfrom the standad model nea the TeV energyscale.

Physicsbeyond the standad model includes:SuperSymmetry(SUSY), extra space-time
dimensionspew high-masgesonancestc.

The Large HadronCollider(LHC) at CERNandthe two large multi-purposedetectas
(ATLAS and CMS) havebeenbuilt speci callyto nd the standad model Higgsboson(if it
exists)and explae the theaetical landscap of beyond the standad model.
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___The HiggsBoson

The Higgsmechanisnprovidesa gaugeinvaiant theay of Electraveak
interactionswith massiveVs andZ bosons

SpontaneousSymmetryBreaking
) GoldstoneBosons
) longitudinalstatesof W3 andZ

Theay predicts:
- Ohww [ My

- Ouee [ Mg
- OhHH /[ M{=m,,
L Higgs = (@A)y(@A) i V(A - OHHHH / mH:m\Z/V

V(A) = L2 NA+  (AA)?
The HiggsMassis unknavn in the S.M., but expectedto be. 1 TeV
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_ MSSM Motivation

While the standad model Higgsgivesus massiven S

andZ bosons|t alsointroducesquadraticdivergences PR
In the Higgs'selfenergy // \\

\ /
One solutionis to introduce Supersymmetrywhich \ /
providesa fermion$ bosonsymmetrynewloops,and = -~ , -~

§ 1 factars that cancelthe divergencesxactly

Becausene havenot observedSUSY patners, SUSYmust be brokenin
nature

MSSM parametrizessoft SUSY-lbeakingtermswith 105 parameters

MSUGRAMAMSB, mGMSB, etc. are speci ¢, well-motivatedtheaieswith
fewer paametersand restrictedphenomenology
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__MSSMHiggsSecto

The MSSMrequireswo Higgsdoublets,whichgiveriseto 5 physically
observablédiggsbosons:h, H, A, andHS.

Unlike the SM, thereis a theaetical limit on the massof the lightestHiggs
My < 135GeV

The MSSM Higgs secto is usually f%:z
paametrizedby M, andtan = vi=w

MHMAX scenario
e+

20

=

w » O O NOOO

The h and H bosons are standad-maodel-
like with couplingsmodi ed by functionslike
cos( i ®) andcos®)=cog ).

N

Thus, moststandad model Higgsseachescan
be reinterpeted in the MSSM HiggsseCtm ! 100 200 300 400 500 600 700 800 900 100C
(usingtools like FeynHiggs) Ha (59
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___Motivation for a Light Higgs

Electraveak precisionmeasurementare indirectlysensitiveo the Higgs
massthroughradiativecarectionsthat go like/ log(my)
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{ —LEP1 and SLD ]
80.5{ - LEP2 and Tevatron (prel.) 5 - ; Mtop |
— Run-I| average
1 +\ Run-1/11 prel.
Z _ i
S 4
. (&) | ]
80.4 a 3
= i
S 5 |
80.3 1 .
| ) 0 | Excluded .\
150 175 200 30 100 500
m, MeeVN m,, [GeV]
Revisedop massmeasurementfom LEP Electraveak Fits limit
Tevatronprefera lighter Higgs my < 186 GeVat 95% Con dence
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___Motivation for a Light Higgs

Resultsfrom direct seachesfor the Higgsat LEP:

OJZO _IU')]_%\\\\\\\\\\\\\\\‘\\\‘\\\‘\\\\\\
U C
~ 15 107 LEP
10 of
L 10 =
5 F C
_37
10 L —— Observed
Or E e Expected for
A- background
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- | - | | | 10 - 4 11153 -
as b . — — — - : E
E ‘ ‘ f ‘ ‘ ‘ ‘ 10-67\\\‘\\\‘\\\‘\\\‘\\\‘\ \\\:/\//‘\\\‘\\\7
20 Y106 108 110 112 114 116 118 120 100102 104 106 108 110112114116 118 120
m,_ (GeV/®) mH(GeV/(?)
Aleph observedn exces®f eventsin LEP direct seach limit places
e"e | 4jet channelbut no discovery My > 1144 GeVat 95% Con dence

The low massregionis veryexcitingand very challengingor the LHC!
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__ TevatronPotential

(PRL, hep-ex/0503039)
A factor of > 25 from S.M.
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CDF & DO closingin on Standad Model with Runl
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__ TevatronPotential

J. Nielsen

Improvements Underway

|dentified potential to approach SM cross section exclusions

Improvement WH—lvbb ZH—-vvbb
Mass resolution 1.7 1.7
Tools common Continuous b-tag (NN) 1.5 1.5
to CDF M&Qﬁ Forward b-tag 1.1 1.1
Forward leptons 1.3 1.0
Track-only leptons 1.4 1.0
Analysis-specific NN Selection 1.75 1.75
improvements WH signal in ZH 1.0 2.7
CDF+D@ combination 2.0 2.0

And don't forget factor of 10 more data!

Challenge to develop and apply improvements to Higgs searches

41

March 14, 2006
University of PennsylvaniaSemina

Higgs Seaches at the LHC:

Challenges, Prospects, and Developments (page 9)

Kyle Cranmer

Brookhaven National Laboratory




__Productionand Decg of the Standad Model Higgs@the LHC

M. Spira Fortsch. Phys. 46 (1998)
00000 AR B ELEL LN BN BN NN BLNLELEE BN BURLELELE BURLEE
- s (pp® H+X) [ph]
10% L ]
2 Rs = 14 TeV E
tb y - - H F M, = 175 GeV
10 ¢ R CTEQ4M
QQQOQQ) SRR
- - l E ""-,\\\\\ _____________
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_2 : b \\\\\\ ~ o 4
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- Gluon-Gluorrusiondominantproduction process.
- Vecta BosonFusion(H qq) ¥4 20% of gg at 120 GeV

F-—""" H - Assaiated production with W;Z and heavy quaks have
. tb smallrate, but canprovidetrigger indegendentof H decy
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__Productionand Decg of the Standad Model Higgs@the LHC

1 T T T T
= .
/m - — ’
.,
- .
‘.
- v

M. SpiraFortsch. Phys. 46 (1998)

500 1000

M, [GeV]
) tb - For my < 2my, Higgsmainlydecasto fermions
| y - Couplingd m;, solookfor H! bby,
- BR(H ! bh) dominantat low mass,but needtrigger
. t b -H! ZZ!' 4 andH ! °° gold-platedchannels
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_ The ATLAS Detecta

Muon Detectan et tramannetic Calorimetan

Fashwearg Calorivatteny

Enel Cap Toroid

- LengthY2 40 m

- Radius¥s 10 m

- Weight ¥, 7000tons

- # ReadoutChanneld/ 10°

Sub-detecto Highlights

The ATLAS detecta is a multipurposedetecta...
°exible enoughfor the surgiseswhichmay lie ahead!

Tracker: Si pixels+ strips + Transition
RadiationTraclker (TRT), B=2T
YEpr ¥45¢10 “pr © 0:01

EM CalcrimeEgr_:Pb - liquid Ar
Y=E Y4 10%= E

HadronicCalaimeter:
Fe-scint+ Ctb-li_quidAr (10,)
¥=E ¥4, 50%= E © 0:.03

Muon Detectas:
Yepr Y210%at 1 TeV

Non-comgnsatingcalaimeter:
e=h» 1:3
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__The CMS Detecta

St Ercﬂnduc:ting Coil, 4 Tesla CALORIMETERS

= ECAL HCAL
,?'h = 76k scintillating Plastic scintillator/brass
= PBWO4 crysta sandwich
2007 no emticap ECAL (installed during 1st shutdown)

IRON YOKE

/7/ Level-1 Trigger Output

= 2007: 50 kHz
(instead of 100)

TRACKER
Pixels

Silicon Microstrips
210 m? of silicon sensors
9.6M channels

2007: no pixels

(installed during 1st shutdown)

MUON BARREL

2007

RPCInl<186
instead of 2.1
& 4th endcap
layer missing

UON
ENDCAPS

Drift Tube Resistive Plate Cat!'!n:fle Strip Chambers (CSC)
Chambers (DT) Chambers {RPC) Resistive Plate Chambers (RPC)
W. Smith, U. Wisconsin, ILC Wornshop, Snowmass, August 17, 2005 LHC & SLHC Physics & Detectors - 4
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~ The LHC

10° ¢
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D_ « 1 = s (E4®'> 100 GeV) . g
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~__The ATLAS Trigger System

The Atlas triggeris basedon a 3-leveldesign

Interaction rate

~1 GHz CALO MUON TRACKING
Bunch crossing 1
rate 40 MHz _
LEVELY ¢ memories
< 75 (100) kHz
<2.5ms Derandomizers

Readout drivers
(RODs)

Regions of Interest

oLl e -

|
%

LEVEL 2 Readout buffers
TRIGGER (ROBs)
~ 1 kHz @é
~10ms | Event builder |
EVENT FILTER + $ + FuII-th‘:lrrlltd buffers
~ 100 Hz processor sub-farms
~1s

Data recording

Levell isin hardware, Level2 & EventFilter
are called\High-LevelTrigger" implemented
In software.

Level2 constrainedo \Regionsof Interest",
EventFilter hasaccesgo entire event

Output rate » 200Hz. EventSize» 2MB

High Level-1 Trigger

(1 MHz)
LHCb High No. Channels
High Bandwidth
( 1000 Gbit/s)
(—
¥ | LKTev ~—~ ATLAS
= 100 ¢ ( 3 CMS
8 HERA-B -
é KLOE —~ CDF Il
- 10 @ oo
-§ Q BaBar High Data Archives
9 CDF, DO - (PetaBytes)
ZEUS ' ALICE
10 | UAT QNMB | |
10* 10° 108 107
O Lep
Event Size [Bytes]
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The Analyses
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___ExampleAnalysesH ! °°

> b
(&) O
O) o 1500 [
N ~
~20000 2
£ 5
c
] >
S 1000
i -
17500 2
S
o
-
2
500
15000 %
<
©
c
- o
12500 O o
10000 B | | | | | | | |
105 120 135 105 120 135
mgg(GeV) mgg(GeV)

- ExcellentEM Calaimetry neededor ¢ My =My Y2 1%
- Excellent® get sepaation needed
- Convincingsignalwith sidebandsubtraction

- Often asseiatedwith a hard jet (or 2 p la VBF), which
canbe usedto iImprove S/B & reducesensitiviy to systematics
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__ExampleAnalysesH ! zZZ ! 4
- Powerful if my > 130GeV

Consideredhe \golden channel

- Recentanalysesise MC@NLCfor Signal
& Background

- Providesprecisemassdetermination

£10 L H, WH, ttH (H® g9
- - A WH, ttH (H® bb)
5 B O H® Z2Z® 4l
B H® WW® Inin
i ¢ WH (H® WW® InIn)
B A all channels
-2
10
-3
10
i ATLAS + CMS
I S — -1
EventDisplyy for H! ZZ ! 2e2* f oL dt = 300 fb
-4
10 ‘
102 103
m,, (GeV)
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_ ExampleAnalysesH !

EventDisplay for H !

L7

L7

]

Consideredhe \golden channel"

2e2!

- Powerful if my > 130GeV

- Providesspinand CP measurement

lSignificance for exclusion of Spin 1 CP +1 - 100fb

_1I

s io— - Combination
Si """""""" Polarisation
6E
4; Plane Angle
2 /
077200 250 300 my, [GeV]
l Significance for exclusion of Spin 1 CP -1 - 100fb - !
s 10 Combination
sEH Polarisation
6
af
2 % Plane Angle
°~"200 250 300 m, [GeV]
l Significance for exclusion of Spin 0 CP -1 - 100fb - I
35E- o
S 30E- Combination
25E- Polarisation
20 ?
15E-
10E-
g? ‘ ‘ ‘ ) ) ~_Plane Angle ‘
200 250 300 my [GeV]
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__RecentProgress

Additional Channels:
- ATLAS & CMSincludedvBFH ! WW andVBFH ! ¢¢ channels
- Carespndingupdatesto SUSYscans& couplingmeasurements
- Many newchannelsunderinvestigation:ttH (H! WW,¢¢); ZH(H ! °°); etc. !

Improved Monte Carlo:

NLO & NNLO x-sec.generates (MCFM, PHOX,etc.) and eventgenerates (MC@NLO)
Higher-ader tree-levelgenerates (MadEvent,Alpgen,etc.)

Matrix Element- Parton Shaver matching(CKKW, MLM, Sherpasetc...)

New Underlyingevent& Min-Biastunings(Pythia, Jimmy)

Improved Realism in Simulation:
- Most channelsstudiedwith Geant3or Geantdand usereal reconstructioralgaithms
- Studieswith Pile-up,underlyingevent,electronicnoise,cavernbackgroundetc.
- Determinebackgroundcontrol sampledrom data, estimationof systematicsetc.
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University of PennsylvaniaSemina Challenges, Prospects, and Developments (page 21) Brookhaven National Laboratory



__HiggsDiscovenryPotential 1999! 2003

_S m ttH (chéJ bb) § | L dt=30fb" - EIH(?HQ@(‘;J bb)
= A : g \Z/\/ZV(V)(*)®®4I|I = (no K-factors) A H® 229 ® 41
D nin k=2 ATLAS H® ww® ® Inln
5 07 L S g 102 aart @ g won”
< - c A gqgH ® (qgqgtt
o — Total significance 2 -
) D Total significance
,/.l./\ o
10 i
________________________________________________________________ 2s
ATLAS
|Ldt=30fb*
(no K-factors) 1 ‘160‘ | ‘1‘20‘ | ‘1210‘ | ‘160‘ | ‘12‘30‘ | ‘2(‘30‘
1 | 5 ! ! ! ! ! L 3 mH (GeV/CZ)
10 10 N _
m, (GeV)  Addition of Vecta BosonFusionChannelst
HiggsPotentialin ATLAS TDR (1999) Low massSN-ATLAS-2003-024
Both ATLAS and CMS coverentire SM Higgsmassrangeealy in LHC running
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__VBFH! WW!

[1°°: Scienti ¢ Note Results

sipnal (fb) background (fb)
VvV gg ||t + Wit | WW + jets | " /2 + jets | total
EW | QCD | EW | QCD

Lepton aceeptance 5.20 17.30 8456 | 17.1 | 617.2 | 7.09 | 4980 | 14077
+ Forward Tagging 1.85  0.27 826 | 10.7 | 1.83 | 2.10 | 45.2 | 1424
+ Lepton angular euts 1.36  0.18 13.5 | 089 | 0.27 | (.81 747 229
+ 7 rejection 1.27 0.18 129 (083 | 027 | 015 | 1.64 15.8
+ Jet mass (.88  0.08 649 | 043 [ 0.08 | 0.11 (.83 7.54
o e 0.68  0.05 140 | 032 | 004 | 0.10 | 0.46 2.32
+ Jet veto 0.59  0.05 0.61 | 0.28 | 0.04 | 0.10 | 0.32 1.35
+ mr(ffv)-cut 0.52 0.05 0.58 | 027 [ 0.03 | 0.02 [ 0.05 (.95
H— WW"™ S ep+ X 0.52  0.05 0.58 | 0.27 | 0.03 | 0.02 | 0.05 | 095
H—= WW"™ Seefup+ X || 050 0.04 0.58 | 0.30 | 0.03 | 0.03 | 039 | 133

T T T1 T1 T

=

ds/dM, (fb/10 GeVic®)
o
a1

o
o

0.25

1 Higgs signal m,=160 GeV/c?

T T background

1 tt + Wi background 0)
E= WW background

o

6]
o

100 150 200 250
M, (GeV/cZ)

Basedon work of Rainvater, Zeppenfeldin 1999-200Qhep-ph/9906218)
Usedfast simulation(90% lepton e+ciency) & LO tt M.C.

Can't reconstructmy, only \transversemass"mq
Dominatedby irreduciblett+jets and WW +jets background
Possiblediscoverychannelfor My > 125 GeVwith 30 fbi 1
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___GeneraPurposeTree-LeveMonte Calo

To evaluateVBF channelspeedZjj, WWjj, & tfj matrix elementfor high{; forward jets

A
|

g o
T

Parton-Shaver severelyunder-estimatesigh+- tail.

O_Sokx{xxxxxxxw{xxxw{xwxw{x

- (a) pp — ZjjixX ]
0‘25T ]

0.20

*
3

For ATLAS scienti ¢ note, we worked with Zeppenfeldto
Interface backgroundMatrix Element code to Shawvering &
Hadronizatiorgenerates like Pythia andHer wig (MadCUP)

0.15

0.10 |

1/0 do/dn

Now we mainly rely on generalpurpose tools like MadEvent,
Alpgen,& Sherpa

0.05f

Oook111111111111111111
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_ Usesof Multivariate Methods

Complex nal stateof VBFH | WW ! [IEMSS well-suitedfor multivariate methads
- q
Used7 variables: ,
¢, ¢ Ap, My, €755, ¢ A, My, My W H
Compaed NeuralNetworks, GeneticProgram- W
ming, and Support Vecta Regression
G
Ref. Cuts low-my Cuts NN GP SVR
120ee 0.87 1.25 1.72 1.66 1.44
120e? 2.30 2.97 3.92 3.60 3.33
1201 1.16 1.71 2.28 2.26 2.08
Combined  2.97 3.91 498 457 4.26
130e? 4.94 6.14 7.55 7.22 6.59

Table 1: Expectedsigni cancein sigmaafter 30 fb'  for two cut analysesand three multivariate analysedor
di®erentHiggsmassesand nal state topologies.
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~_TheVBFH'!

¢¢ channeland Why It's Important

IOO

hO

@ tarb
< _ 1 H® gg

3 I'Ldt=30fb = ttH(H ® bb)

= (no K-factors) A H® 279 ® 4l

2 ATLAS H® ww® @ Inin

5 10°F qgH ® qq ww®

=4 A qqH ® qqtt

n Total significance

20

L
100

00

(0N0)

S

i
KR

¢

Q
XX

K%

X

14

NN

@

VAN

S8

VAN

“\ LHC(40fb™Y):
W5 H5 tt

/\/J/ 15 |

10 |

/

VV5 h5 tt

CRRLR

X

X2

Q

X2

X0

5 [\ LEP2: 65 Zh

[ R T S R R S R R S R R S S R R B
120 140 160 180 200 ANENANENEVAY

S

f [

m,, (GeV/d) 80

Standad Model (Atlas Scienti ¢ Note)

160
M ANIBeVI\

Plehn, et. al hep-ph/9911385
Most powerful channelnea LEP limit and veryimportant for MSSM.
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___VBFH ! ¢¢: Scienti c Note Results

E 8 | I I | | I || I I | | ] ] | | | ]_:

signal (fb) backzround (fb) w 7 [ | my=120 GeV-

VvV ge || H+jets | WW +jets | 4" /2 + jets | Total —~ 3

EW | QCD | EW | QCD Z 6 . =

Lepton acceptance 5.55 2014. | 18.2 | 669.8 | 11.6 | 2150. | 4864. $  Z 1) .

+ Forward Tagging' || 1.51 420 | 950 | 038 | 220 | 275 | sie 5 E
+ Py 0.85 29.2 | 7.38 | 0.21 | 1.21 | 124 | 504 1 . —

+ Jet, mass 0.76 209 | 7.36 | 011 | 117 | 9.38 | 389 4 f [ 1 tt, WWEW -

+ Jet veto 0.55 2.70 | 5.74 | 0.05 | 111 | 456 | 14.2 3

+ Angular cuts 0.40 0.74 | 1.20 | 0.04 | O.57 339 | 5.94 3 : =

+ Tau reconstruction || 0.37 0.12 | 0.28 | 0.001 | 049 | 284 | 3.73 2 -

+ Mass window 0.27  0.01 003002 00|004]| 015 | 024 2 F e

H—rr—ep 0.27  0.01 003002 00]004] 015 [ 0.24 1 : =

H— 77 — ce 013 001 001 [001 [ 0.0]002] 0.07] 011 5 N =

H— 7 = pp || 0.14  0.01 | 0.01 | 001 | 00]002[ 007 ] 011 0

80 100 120 140 160 180

T T1 T1 T1 T

m_ (GeV)

Basedon work of Rainvater, Zeppenfeld,Hagiwara, Plennin 1999-2000
Usedfast simulation:90% lepton exciency paametrized;-id, etc.
Possiblediscoverychanneffor My = 115-140GeVwith 30 fbi *
Dominatedby irreducibleZ ! ¢¢ background

Publishedn: Eur. Phys. J., C 32(2004) 19-54& SN-ATLAS-2003-024
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___SimulatingThe ATLAS Detecta

AtlIF ast

I Al e—
ParametrizedResolutions ~ DetailedShaveringModel,
Particle Identi cation Exciency Simulationof Detecta Electronics
March 14, 2006 Higgs Searches at the LHC: Kyle Cranmer
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_ Weak/Vecta BosonFusionH ! ¢¢,

MissingETis the dominantexperimentalissue

Unexpectedcomplicationdrom nely
segmentecatalaimeterand noisesuppession

SeveralGeVof biasin MissingETif onesimply
cuts all cellswith E < 2%pise

Translategnto biasonm,;

Thereis still on-goingwork with the
full simulation, but fast simulation results
seemto be generallyrobust

Complementaty of h! ¢¢ andH ! ¢¢
allovs this channelto cover most of the
MSSM Higgsplane.

MHMAX scenario

[y

w A 01 O NOOO
T T T T

N

1
100 200 300 400 500 600 700 800 900 1000
M, (GeV)
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___Collinea Approximation& CentralJet Veto

Mass Reconstruction:

Observe
missing transverse momentum
and visible Tau decay products

Assume Tau decay products
collinear with original Tau

Solve 2 linear equations
for the neutrinos

Taus can be reconstructed

Higgs can be reconstructed

Some Comments:

After jet cuts, M, Is the only discrimination
we usebetweenZ ! ¢ andH ! ¢

Collinea appgoximationdoesn't take into
accountMissingETresolution

De ne x;: fraction of ¢'s momentumin visi-
ble decy product

P
M;,.= 2(En+ Eon)(E/ + Eoy)(1i cosi,)
r = hyly i hylx is equivalento M, = pti—
onlywhenlU< X; <
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___MassConstraintsand ¢ A% (Cranmer)

MissingET _ -,

Measured MissingET
Contour .
7/

MissingET with Z Mass Constraint

Best Fit of MissingeT
with Z Mass Constraint

Y
."4‘ __________ Best Fit of MissingET with
NT Higgs Mass Constraint

__________

Visible Tau Decay Products

We ObserveMissingETandvisible ¢, decay products.
From JE+j we know 13%2MissingETcontour

Assumind's collinea with ¢'s the MissingETcanbe
- Constrainedo HypothesizedHiggsMass
- Constrainedo Z Mass
- Xo1 = (MFEMG) =X;n

Kinematic ts can be used to nd hypothetical
MissingETmost consistentwith observedMissingET
and massconstraint. Eachhasit's own A?

Finally ¢ A% quanti esif eventis mare consistentwith
H! ¢eorZ! ¢¢

Leadsto a low- and high-puriy sample. Preliminay
resultsvery promising.
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Progres®n Systematics
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_ttH(H! Dbh

J. Cammin& M. SchumacherATL-PHY S-2003-024nice thesisby J. Cammin)

E 100" T ttH(120)
o 80 ::Ptj)b 0cD) Combinatoial backgroundis chal-
— - . . . .
= B tthh (EW) lengingwith 4b-jetsand, 6 jetstotal
c I
S 10 Signalexciencygoeslike 2,
3
2 Signal& bkgnd. havesimila shae
I

0 50 100 150 200 250 300 350 400

m,, (GeV) Estimatingttj | and ttbb background

from data dixcult, large systematics

- Thisis(was)oneof the fewpowerful |t's not clea if this channelwill ever
channelsea the LEP limit reach5%

- Do ATLAS and CMSresultsagree?
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___A noteon systematicerras

S/B

18 [
I Ns Significance Contours
16 [
r L
VBF H® tt ® em(120)
ttH (H® bb) (110)

14 F

1.2 b

0.8 [
0.6 [

04 [

02 [

Saturation of Signal Significance

| 8s

Systematic Error %

Backgrounddeterminationfrom sidebandsariestwo sourceof errar:
- Classl: statisticalerra from sidebandneasurement

- Clasdll: systematioon extraplation from sidebando signal-lile area (shape systematic)

The shape systematiadoesnot (necessaly) reducewith increaseduminosiy

10s -

Normal signi_cchemeasureS: b
Isreplacedoby s= b(1+ bt 2?)

9s

7s

If s=bis Xxed aswe increasduminosiy, the expected
signi cancesaturates:

6s

5s

4s
s=b

3s 3/4_

26 ¢ shape

1s

With its low S=B and 10% shaje systematic,
ttH (! bb can't getto 5%evenwith L ! 1
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~_TheH ! °°

SystematicErra on backgroundor H !

Example

°° usuallyconsidereadhegligible

S. Paganis& | Testedbackgroundoredictionfrom side-bandwvith ToyMC

(Usg,) ds /dM
o o
(6} (o)}
I

o (
N
LA B B P

0.3 -
0.2 -

0.1 - S

_ -aM
ds /dMgg— N e™ Vag
a=-0.048
a=-0.030

t=sgs/s

sig

number of predicted events in signal region

0lOO 105 110 115

120 125 130 135 140 145 150

Mgg

SystematicErra is small,but not negligible:

N 3% p !

S

16200

16150 —

16100 —

16050 —

16000

15950 —

15900 —

15850 —

----- 0O 0ODO0OO0DO0OOoO s o = -
= oo 0OO0O0OO0OO0OO0OOOG Q@ 8 = - -
o o 00000000 DOG®
cooO0O0000O0 o o
oo 0O000000o s
ood OO0Ooo

oo [0 oo

Ll =N | JOoo

cooQd OOoao
ooOoQdf] OOoooe
cooO0O0000O0ooae

CIC I T = N o o o e o o s = = I
oooOoDOOOOao o
s o 0OO0O0OO0OO0Oao

15800 —
15400

S

L L
15600

L L L L L L L L L L L L L L L L
15800 16000 16200 16400 16600 16800
number of observed events in signal region

b+ (2 b 1+ 1=
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__Classll Systematicgor H ! °°

At PhyStat2003 Sinervoprovideda classi cationof systematioerras.

0.06
The backgrounauncertainy discussean pre- ¢ _,_';-;_ Box
viousslideis anotherstatisticalerra (Classl) s °* [ *, o Bom
Inthe H ! °° examplethereis alsouncer- °* |- Y
tainty onthe shage of the continuumM-- spec-
trum. 0.03 |- e
These shape uncertaintiesimpact the back- oo | ““a_%
ground prediction from the sideband,and do ::R
not scalelike statisticalerras (Classll) 0.01 - ~
Class Il systematicsunder investigation for ) A A D E DU P P P T
80 90 100 110 120 130 140 150 160 170
H | oo Mass (GeV)
Two plausibleshapesfor the
continuumM.. spectrum.
March 14, 2006 Higgs Searches at the LHC: Kyle Cranmer

University of Pennsylvania Semina Challenges, Prospects, and Developments (page 36) Brookhaven National Laboratory




__ Compaisonof Various Statistical Methods

At PhyStat2005] compaed the most commonstatisticalmethads to incaporate
backgrounduncertainy in signi cancecalculation.

Simpleexamplewhere:

contours for b =100, critical regions for t =1

true . . . . .
=130 - sidebands samesizeassignal-lile region
190 / ® NoSysematics - truth = 100 backgrouncevents
i u oz VAR
1oy s (V7 x = eventsin signallike region
| & profile : Ay e
100 - * |, profile . % I 4
O adhoc v/ | y= sidebandneasurement backgrounces-
90 V correct coverage 0 _
i timate
80} O R N
700 lines= discoverycriterion
6023 // // ;f I ]
Clealy the backgrounauncertainy needsto
50f -/ /777 beincaporated
a0k P

: g LA
160180 20 | arge variation in discoverycriterion (§ 15

events),and most give too manydiscoveries
whensignalis absent

) A RS, !
60 80 100 120 140

(ovalsindicatecontoursof true pdf)
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CouplingMeasurements
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__ CouplingMeasurements

M. Dhhrssenget. al. ATL-PHYS-2003-030% Phys.Rev.D70:113009,2004ep-ph/0406323)

—

0.9

S|

Fs5o.8
[a]

AssumeCP-evenspin-0,only oneHiggs

0.7—

0.6

0.5

0.4

0.3

0.2

0.1

—G, / Gy

—G,/ Gy

Ok\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\

110 120 130 140 150 160 170 180 190

m,, [GeV]

Ratiosof partial widths

to within 20% with 30 fbi 1

1
; < E ........ 9?(H,2)
; ‘“50 o g(H,W)
al @0.9¢ , ]
S A g (H’t)
0.8 —— g?(H,b)
o7 ] | G,
: without Syst. unci y
0.6~

2 Experiments

~ -1
O_ dt=2*300 fb

0.5— =~
- WBF: 2100 fbo
0.4
o3 "%
0.2
0.1
O:\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\‘\;\r‘\\\
110 120 130 140 150 160 170 180 190
m,, [GeV]
Weakassumptions:

g(H;V) < 105%g(H;V;SM)
allow for unobservediecgs & newloops

Absolutecouplingsmeasured
to within 10% with 2£ 300fbi 1
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___Progresson Systematicerra

g9 !

0000000
70000

0000
090909
(€)

Table 2: Theoretical QCD and PDF uncertainties on the
various Higgs boson production channels. The channel
H gg was addedto all WBF analysesat 10% of the
WBF rate with an uncertainty of a factor 2.

GF 20% V. DelDuca,C. Oleai, D. Zeppenfeld,et. al.
tTH 15% hep-ph/0108030

WH 7% o '
7H 7% -

WBF 2% R R :
991 Hgg | 100% % my=120 GeV

solid m; =175 GeV
dots m;—>oo
dashes WBF

0 - \ \ \ \ | \ \ \ \ | \ \ \ \ |

50 100 150
2y
¢ A; canbe usedto t relativecontribution
fromgg! Hgg

Shouldreducesystematicerra considerably
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The Nea Future:

The Timelinefor Statup

March 14, 2006 Higgs Searches at the LHC: Kyle Cranmer
University of PennsylvaniaSeminar Challenges, Prospects, and Developments (page 41) Brookhaven National Laboratory




__In anldealWorld...

Evenincludingour (naive?) estimatesof systematicsthe standad model
Higgscan be discoveredvith 1-15fbi ! of data

—&— qqH® qqwWw
—— (qqH® qqtt
—v— H® gg

—6— H® ZZ® 4l

ttH,H® bb

—A— H® WW® InIn

—eo— Combined
L \ Q
- _— 8\ a .
S ) (- dt=30fb
e i H e A

N %
\)

=
o
w

Working plots with updated statistical methods.

=
(@)
N

Luminosity for5 s

10

v

I I I .. I | I I I I
100 120 140 160 180 200
M,(GeV)

1 | 1 1 1 | 1 1 1 |

Of coursethat's well underst@d data. How long will that take?
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___ Commissioningimelinefor Atlas
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_ Exampledrom Atlas CosmicRay Commissioning
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___Timelinefor the LHC Commissioning
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The DistantFuture:

An LHCUpgrade
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_ What the LHC Will & Won't Do

Will Do Won't Do

Discovery of SM Higgs: At All

} SM Higgs could be discoveredover full
massrangewith 30 fbi !

} SeveralChannelsAvailable,VBF a big im-

}  Measurementsf HiggsSelf-Coupling
} Observe/DiscoveHd ! 11 ?

provement
Measurements of Higgs Parameters: In Some Cases:
} Massed.1- 1% } DistinguishSM from MSSMHiggsSecta
} Ratiosof Widths 10-60% (smalltan )

} Couplingsl5-50%

MSSM Higgs:

} Covermostof M j tan planein» lyea

} Many prospects to distinguish SM from
MSSM Higgssectas (eg. chagedHiggs)

As Well as SLHC:
}  CouplingMeasurements
} RaeDecysH ! 1
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__Super-LHC

H! ZZ! eelt

SeeWesleySmith'stalk:
http://cmsdo c.cern.ch/cms/TRID AS/tr/0508/Smith _ILC_SLHC_AugO05.pdf
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___ImprovedCouplingMeasurements

Resultsfrom main SLHCpublication: hep-ph/0204087

—~0.3

D(G/G/(Gy/G,

o
N

0.1

ATLAS + CMS

oL dt = 300 fb™* and oL dt = 3000 fb™
m 0 G,/G (indirect)

® O G,/G, (direct)

B—n — A
H> gg
H>ZZ H > WW
H>ZZ
‘ | | ‘ | | ‘ | | ‘ |
120 140 160 180
m,, (GeV)

—~

D(G/G(G/G

0.8

0.4

0.2

ATLAS + CMS
- oL dt=300fb*and oL dt = 3000 fb*t
- AA G,/G (indirect)

MmO G,/G (indirect)
. 00 G,/G, (ir_ldirect)
i G/ (direct) VBF (H > tt)
- @ 10735 ?

Syst. Limited

SLHCwill signi cantlyimprove couplingmeasurements.

200
m,, (GeV)

By the endof the LHC, we shouldunderstandorward jets and centraljet veto much better!

Many new channelssincethis study shouldbe revisited.
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__ ExtendedSUSYHiggs

Useof H=A !  SUSYpaticlesis model dependent.

e X =21 H=A | AJAJ ! 4l contributesin the regionwhere

only h is seendecgingto SM paticles

atas + ovs | # SLHCcan extenddiscoverypotential for
it H=A! AJAJ! 4

SLdt=3000 fb!

h — SMlike

T
N
N

~& OO O NDWOWO
77T

LEP 2000

1 00 200 300 400 500 SOO 700 800 900 1 000

m, (GeV)

' SLHCextendsdiscovenypotential
for HeavyHiggs.
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___HiggsSelfCoupling

hep-ph/0211224

pp > +4] —

I Vs = 14 TeV ]
. L 300 fb-! 95% CL limits i

=
[75]
< -
I i 600 fb !
=
n
& .
\ - ]
= .
Il L -1
- [ 3000 fb
,<m 0 SM
< 3000 f"
: 300 fb_t 600 fb ! :
_1 B 1 1 | 1 1 1 | 1 1 1 1 ]
140 160 180 200

my (GeV)

Parton-level:
- . HHH = 0canbe excludedat 95% CL
- . HHH determinecdat 20-30%

ATLAS and CMS studiesstill preliminay

Plenn& Rauch@MPI hep-ph/0507321

< T TP

|l gy=0 ——

=l all ey = 0
NG M lalgm=1 -

0.0025 -

0.002 -

0.0015 -

1/siqt ds/dMyy,,

0.001 ~

0.0005 *

0 //: Kﬂ/_f»,.f' | | | ‘ !
300 400 500 600 700 800 900
Minv [GeV]
Interferenceébetweendiagramsmportant
Variation in trilinea self-couplingdominates

No hope of measuringquatic self-couplingat
SLHCor VLHC

1000
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. Summay

If the standaid model Higgsis there,we shoulddiscoveirit relativelyealy at the LHC

Severakchannelsare available:opportunity to measureHiggscouplingso 15-50%

Recente®at is a mix of thearetical developmentamprovedrealismin detecta simulation,
and mare sophisticatechnalysigechniques

Most of the SUSYHiggsplaneis coveredoy the LHC undermost well-motivatedscenaos.

LHC will not observeHiggsself-couplingMany measurementand discoveryreachare
statistics-limited.) motivationfor a luminosiy upgrade:\SuperLHC"

We havelots to do befae turn-on!
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Backup
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_ LHC CommissioningL. EvansFeb. 06)
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_ LHC CommissioningL. EvansFeb. 06)
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_ LHC CommissioningL. EvansFeb. 06)
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___ Multivariate Analysisvs. EventWeighting

In additionto multivariate techniques the most powerful seach considers:

Likelihaod of experiment= | likelihood of eachevent
This wasdoneby LEP HiggsWG and follows from the Neyman-RasonLemma

Essentiallyweight eacheventby log(1 + s=bh

-IZ\ 005 LI I LI I LILEL I LI I LI I LILEL= -
= 0.045 ‘ - o1z @ M= 115 Gevié
O 0.04 - S HICETeEEEr Expected for backgl:ound
Cﬁ ’ E D 0.1~ -~ Expected for signal
Q 0035 _: =] - plus background
o 3 =
= 0.03 = = oosl
0. 0.025 = §
0.02 = S 0.06 |-
0.015 _; ol
0.01 = 0-04 1
0.005 _; 0.02 |-
0 = !
60 80 100 120 140 160 180 Oz = o 5 ™5 is
Events Observed -2 IN(Q)
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___Migrating LEP Statisticsto the LHC

LEP HiggsWorking groupdevelogd formalismto combinechannelsand take advantageof
discriminatingvariablesin the likelihcod ratio.

o= Log _ A postnis + iy % st
L(xjHo) VNchan Pois(nijh) = fb(xu)
l\>(han Xi l‘l S'f (X" )ﬂ
=InQ=js In 1+ ——
k o D Bfu(xi)
109 | qogris 2 N1p(@ (e Hu and Nielsen'sCLFFTusedFourier Trans-
o1 FET N form and exponentiationtrick to transfom
) 1 qeymtp | 1@ ) the log-likelihcod ratio distribution for one
| L eventto the distributionfor an experiment
F exp[b(r 1)]
E Xp[b“l,lb“s( '/ Cousins-Highlandias usedfor systematicer-
. ror on backgroundate.
| Gettingthis to work at the LHC is tricky nu-
stb N mericallybecausewe havechannelswith n;
cL, G from 10-10000events(physics/0312050)
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___The MSSM planewith 30 fbi 1

Complementaty of VBFh! (¢ and
H I ¢¢ coversalmostall the plane
not excludedoy LEP

Also shawvn:
-VBF h! WW
-VBFH! WW

Thereare mae recentATLAS resultsfrom M. Schumacher
(with systematicerras), but they are still preliminay.
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