What can we learn about the
Higgs with 10 fb-! at the LHC?
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Outline
With 10 fb-1:

 \WWhich channels could be visible?

 \WWhat kind of deviation from the SM could
we expect?

 Which mass and property measurements
could we achieve? With which precision?

But | will discuss early physics first ...
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Twenty-five vears...

March 5 2009

Ketevi A. Assamagan

=1984:

First LHC workshop

(Lausanne)
Use LEP tunnel for protons

=1992:

First ‘expressions of

interest’ for experiments
First exp'ts approved
First full-size magnet

=1996:
=1998:

test

=2003:
=2006:
=2008:
=2009:

End of civil engineering
Last magnet produced
First beam

First collisions

=Some vital statistics
Tunnel circumference 27 km

1232 main magnets, 8 T field

Another 7000 smaller
magnets

Operating temperature 1.9K

Cost: ~4700 MCHF (incl.
manpower)

Experiment cost: ~500 MCHF
each for ATLAS & CMS (excl.
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16 June 2008: Last piece of LHC §
ring being put in place
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First Events: Collimators Closed

~2.10° protons on collimator ~150 m upstream of CMS

ECAL- pink; HB,HE - light blue; HO,HF - dark blue; Muon DT - green; Tracker Off

First Boam on 10 Seotember| S CEE ] G GEC alee
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o~/
On 10_September,
-~ collimators 140m upstream

“beam splash’” events
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= v et Dy 2008-09-10 00: 37 e i
ATLAS 2006-09-10 10:12:10 CEST event:Jive jeometry: <default> Atlantis
L1C alo Stream

— i — e

~ first beam event seen in ATLAS
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D Froidevaux
E (GeV)

Timing of all TRT readout channels

could be performed with accuracy of

~ 1 ns per event! Differences in
colour due to cosmic timing:

Top: early Bottom: late

2D display in n—¢ of energy deposited in
LAr EM calorimeter per cell (layer 2):

* structures seen are due to material
between collimators and calorimeter
(mostly 8-fold structure of end-cap toroid
coils)

* energy seen per event is huge!

Est l-_:q Dt 0 £
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Commissioning with 2008 Data

Very much use o
* Cosmic rays
e Splash events
* Single beam

e
My,

Many months-of cosmic rays

* Detector gliﬁﬁme t: especia uon

ms ||
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and central tracking sys
* Detector Squﬁg& unifo
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Example: CMS Electromagnetic Calorimeter

A “Dee” of endcap ECAL Barrel ECAL clusters matching muon tracks

1

Ln
05—,

D5

3x3 energy Enfries 11311

clear ..., z sometimes:
silf= 1 18 161.7) 205
m:_ m.1. p- S]gpau.ll;mm 0.00048 huge energy

0.2592 + 0.0008 .

R deposition
e GSigma  0.04374 +0.00083 from cosm‘ic
D60 MeV> - Z muon in ECAL
w:: | 2GeV Energy: 250 GeV
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Using Cosmics

>200 million cosmic ray events
since Sept

See transition radiation turn-on
with p !

Pixel detector alighment

gwuuw'|----|-'-'w-u-li-'-.-............ .....
[ ]

=g

3] - ® Aligned geometry i R
-21 6000 p=3um, c=23um —
;14000‘— MC perfect geometry —
= - p=0um, o=15um .
©12000— . ~
= - O Nominal geometry ]
£10000~ p=66um, c=398um —
2 C ]
= 8000 ATLAS Preliminary -

6000 Pixel Barrel -

4000 =

2000 =

D = T ﬂ %
0 -04 -0.3 -0.2 -01 -0 0.1 0.2 03 04
x residual [mm]
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Cosmic events recorded and proce

ssed by ATLAS since Sep 13, 2008
T T | T T T T I T T T T T T T T
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Number of events (in million)
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High-threshold probability
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0.04
0.02

|

|

Sum of RPC, TGC, MBTS L1 Triggers 216 millien events
RPC Triggers (L1)
Bottom "Downward’ RPC Triggers (L1)

TGC Triggers (L1)

Min. Bias Scint. Triggers (L1)

Calorimeter Triggers (L1)

Inner Detector Track Trigger (L2)

EM Calorimeter Triggers (L1) J—

Several hundred million cosmic events laken in various
— dieleclor conligurations before the first LHC bearms.

updated: Mo Oct 27 16:04:45 2008

A5

|

20

15 25 30 35

Days passed since Sep 13, 0:00

I'f1l11|"| T T 'I'II11| T T rrf

¢  Negative cosmic muons

®  Positive cosmic muons
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——— Negative muon fit
——— Combined testbeam (barrel)
... . BarelIRT:
10 10° Lorg-lqtsz gamma iactc]ro 4
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| LHC Incident |

Interconnect busbar between superconducting magnets developed a
significant resistance at a splice

No quench protection system covering the busbar splices

Heating, followed by rapid loss of helium into vacuum
* Soot in the beam-pipe
» Collateral mechanical damage to more distant magnet interconnects
* Around 50 magnets being repaired/replaced
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Next Beams in the LHC?

Chamonix 2009 LHC workshop 2-6 February

Ongoing work to protect against problems from small splice resistances

“Since the incident, enormous progress has been made in developing techniques to
detect any small anomaly. These will be used in order to get a complete picture of
the resistance in the splices of all magnets installed in the machine. This will
allow improved early warning of any additional suspicious splices during
operation. The early warning systems will be in place and fully tested before

restarting the LHC.” - Rolf Heuer
Full quench protection system will be installed before next LHC operation

Additional measures taken to vent He rapidly to avoid collateral damage in
the case of an incident
 Two different levels of protection in different sectors of the machine,
equip full machine before going to 14 TeV

Decided not to warm up the whole machine now - should ensure operation
with beam in 2009 - but only from the autumn
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A 2009/10 Shutdown?

Repair and protection work allows first beam injection at end of
September according to current schedule

Baseline schedule if no running over the winter...

Year 2009 2010 r—
Moth  F M A MJ J ASOND I Flmamy i as onlo
Baseline Shutdown sU shutdbwn (ReliefV) [su [ NRRRI S

Jweskiphysicspospible ~~ ——— |

« Allows very limited physics in 2009/2010 (24 weeks)

* Any slip of >1 month in the repair will delay first LHC physics till
August/September 2010!!

e Repair schedule has no contingency (some suggestion for 4 extra
weeks)

Alternative plan developed now, to run through the winter months
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The 2009/10 LHC Run

Year 2009 r© ™
Month F M A M J J A S Nl o 3 F|m
Baseline SH SH SH SH SH SH SH SH sH sH |sH sH sH sH [su [ERCRIEEIERN sH SH SH| sH
Base ' SH SH SH SH SH SH SH SH [su sH SH sH|sH |

44 weekd physics posgible 1

Gain 20 weeks of physics |n 2010 by running during wintgdr months

. o

S -

HIGH price Electricitv
Delay(4W) SH SH SH SH SH SH SH SH SH SU SH |SH SH SH| SH
Delay(8W) SH SH SH SH SH SH SH SH SH SH puU SH SH SH|SH

Further delays (eg 4 or even 8 weeks, above), would have a relatively
minor impact

Annual maintenance (infra-
structure, injectors),
electricity cost

ay's Operation

1111
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The 2009/10 Data Sample

Energy:

* 5 TeV per beam for physics
* 4 TeV “on the way” to 5 TeV

* Small data samples at 0.9 TeV (injection energy) and perhaps 2 TeV
(mainly for earlier timing-in/commissioning of detectors)

Luminosity:
e 5x 10 cm™s™ to 2x10°* cm™s ™ peak

* With 200 days and 10% efficiency ~200-300 pb
* Quite a large uncertainty...

In the range 100-500 pb ™' ?
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LHC Commissioning

Note - pre-Chamonix plan (July 2008) - LHC-OP-ES-0011

Stage A

Stage B

Pilot physics run

Intermediate physics run

Physics aim 43x43 bunches; maximum
156x156 bunches; no crossing angle

Physics aim 75 ns bunch spacing;
possible initial physics aim 96x96
bunches (bunch intensity 1 x 10'°
protons); maximum aim 936x936
bunches (maximum 9 x 10'° protons
per bunch). 250 prad crossing angle.

Stage C

25 nsrunl

Intensity per bunch 5 x 10'° protons
(initial 1 x 10'); physics aim 2808 x
2808 bunches. 285 prad crossing
angle.

| Stage D

25 ns run II

Push towards nominal performance

Chamonix favoured 50 ns operation in Stage B

March 5 2009
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— 5 x 10*

N 1032
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Physics Commissioning

PP/pp cross sections

First collisions: work to establish detector 10 e
and trigger performance, measure Standard 0™ o —— _'__
Model processes T g <
10'? E A,ff’"
* Min bias - timing in, tracking & ot =l
calorimeter uniformity & performance o0 oi | | P
* Dijets - calorimeter uniformity, jet . i 1
uniformity and inter-calibration . T
 v-jet - photon ID, jet energy scale _WE o . fﬁ{l«j’:f -
e J/y - 1 ID, tracking performance (e ID) T 1’ f::%\\fi: ;
* bb - lifetime-based b-tagging 0 G (A 100GeV) | /
» W/Z - e/u ID, resolutions, efficiencies, 10° ><\§;’
t ID (in time), missing E 10° /;f’”; '
» Z+jets - jet energy scale 107 O //’/
« Top - many things, once we have 10f Gk X
statistics... 10 6 (Mp=150GeV) 7(\\
| ,
You will need to be patient - this will take o O (M=S0GY) /) |
some time... 10° 10
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Calibration and Aligsnment

Much work to be done before physics, building on:

e test-beam

e calibration and alighment systems

e cosmics being taken now

Initial Ultimate Samples
e/v E scale ~2% 0.1% Z—ee, J/y, i°
e/v uniformity 1-4% 0.5% L—ee
jet E scale 5-10% ~1-2% W—jj in tt, y/Z+jets
tracking alignment 10-100um <10 um tracks, Z—uu
muon alignment ? 30 um inclusive u, Z—uu
T | L hL I |
Early data very important: 2 S
* tracks for alignment ' f-__;f_
 azimuthal asymmetry for calo. 4
uniformity O ] ___ P : h| _:
« conversions for material assay -—.5‘35"_}"-'] 1R f:-;?.?-"---'.-"-'ff'-'-"";"" | L---l;
1000 - : L R eionmn i -
3000 2000 -1000 O 1000 2000 3000
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Challenging to commission:

Missing-E_

» dependence on all calorimetry, even FCAL

» modelling of crack regions, eg

* machine backgrounds, etc

ATLAS studies shown here

— > —

Detailed studies ready for control samples

of data...

) (Gev)

mis
WY

alE
oo

MinBias

| ——— (0.50+ 0.0084)E,
- (0.45+ D.UUQS}QZETED (0,64 019457

¥2indf = 1.8550, 1.8106
(0.53+ 0.0022) EE.

(0.5% 0.0070YLE & (1.42+ 0.2280)]

XE, (GeV)
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[GeV]

e SN
HEC
End-cap
cryostat m
I Feal —-;‘L__-_l—
=i |
test-beam

100

Squares: Geant4
Dots: data

Preliminary
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Minimum Bias

Charged Particle multiplicity

c &
Early measurements - need . FrTne. 214 Grnes)

» . * I PHOMWMET1.1 2 [(dafault]) :-' .
tracker alignment, efficiency =5 .| A LHe?
and material, to be understood ;E . pE Rty |

= | o ¥ = "’ -
Challenge to extend tracking to N = =5
low p_ (high B-fields at LHC!) e
: R T s “--*’le= mopsegak + 2o
Extrapolatlon to the LHC

s (GeaV)
CMS tracker: dE/dx (digitised readout of Si)
Individual pa¢icle yields .,
N 0.4 <yl <0.6
62 —MC input e FTTEC A SR
- * Reconstructed o N K=
8 L " RatiO 1.05 10 - -5 10° 3 |
58] | 3 1l Ef = QJ_: 1
sls [ rem o4 R A ""+"'+---e—-_i-_-=”='—'*— '%' 1 é | “ I 0" _%: 0.2 B ,.:._,E”-I: . |
- ATLAS, P, >150 MeV | i o1 s |
5‘1IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII':'95 i l- ’ .|
25 2 15 1 05 0 05 1 156 2 25 1 L NIRRT b el L1 4g? o L |
] . . mn 0.1 1 10 0 1
I minute @ L=10*'cm?s? 14 TeV p[GeVic] pr(GeV)
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H
~

Huge statistics very fast, especially in % "
uu channel 8
* important standard candle for 3
commissioning §
8

l|||||||||||||r||

[ bb—ubudX
B Direct onia
B Drell-Yan

| TRAVSE

Iy

T fllllll

Bkg w/o
vertex cuts

T IIIIIIIl

1B
-E ||||| T | I T 1T LI | T T T T T T T T 105
G10° - E F
T ATLAS . -
i | 10° ATLAS preliminary
- 1 1 2 3 4 5 8 7 8 9 10 11 12
3 6 pb Mass (GeV)
10

Prompt+Indirect

107

L | Ll | L1l | | [ | |
08 1 12 14
udo-Proper time (ps)

0 ;ma
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With 1 pb™” could already measure
R = o(bb->J/v)/c(pp->J/v)

with <5% statistical precision

provided: muon trigger working;
tracking understood well enough
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PoldndEy o (nb/TeV)

mﬁE...[..t.r,..”.,..].,.T Huge cross-sections
Lo 3 QCD-LO, y=E 12
10° b CTEQ:M Very rapidly sensitive beyond

3 - --- CTEQ4HJ
- o SESE Tevatron at 10 or 14 TeV
10 E
= 1 Main experimental challenge:
o . LHC jet energy scale uncertainty
lo™  Y-jet, Z-jet events
1o° 10 events « E_-balance in dijet and
o ™, Wwith 100 pb' 3 multijet events
107 \ -

Ws= 1.8 TeV Wes= 14 TeV E

10°° \ 3
107 Tevatron 3
10—3 L L Lo o o o 1 o 5 5 3 1 4 5 3 PR |3

0 1 2 3 4 5

E. (TeV)
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Fractional Ditference from QCD

-0.2

-0.4 1
Errors for 100 pb

-0.6

-0.3 CMS Preliminary

New Physics in Dijets

Other sensitive distributions, such as:

* dijet mass

 dijet ratios, e.g. N(|n|<0.7)/N(0.7<|n|<1.3)

q° signals for
M=07, 2, & 5TeV

AL kit

0.8

0.6

0.4

0.2

%%

HETT

QCD Statistical

1000 2000 3000 4000 5000 EUDU ?DUD
Dijet Mass (GeV¥)

[ =]

100 pb™ at 14 TeV: sensitive well
beyond Tevatron limit at 0.8 TeV

-
i)

—— QCD
—— Spinl-ggw o, =q"

—
—e

tot

Spini/2-~qg (q*)
Spin2->q q.gg w/ o, =q"

100 pb™’

—h

e
@

Ratio=N(|n|<0.7)/N(0.7 <ly]<1.3)
o =3
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e
{=1]

e |
i m—
L En

o
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<
i

CMS Preliminary

1000 2000 3000 4000 5000 ©&000
Didet Mass (GeV)

o
7

Sensitive to spin of a high-mass
resonance observed
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Clean selections anticipated: excellent lepton ID

:§5UU_IIIIIIIIII|III ey e o N —_— %1600:IIII!IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII!III:
= a I CMS Prellmma ) Ldt = ‘10 b ]
s bt 50 pbl 50 pb! < B ]
%5(]0:— [ Extrapolated Background ~ qa00— e T T
- I Signal - :'; B — W - E‘v‘ 7
ol I OCD MC stat (x50} _] > L _
20001 ( : % so00F- ; __.___._Sugnal-ergd . -
b R T mduets o
1000 3 . — *f-ijets :
5001 = - - w = E
C —— a 200~ | ti—_
% 20 40 60 80 100 120 140 160 180 200 B ]
Invariant Mass Mee (GeV) .
200 —
. : " _

25k Z—ee for 50 pb' at 14 TeV 0 10 20 30 40 50 70 80 90 100
Quickly dominated by systematics £ (GeV)

Initial precision of W/Z cross sections 4-5%
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Top (tt) cross-section at 14 TeV ~ 850 pb

Cf Tevatron ~ 7 pb NLO + corrections q Y oy
} zm:_ ] l_ . I I I | _j
@ - n
O - . W
o 2000 ATLAS preliminary 7 b
2 1s0f- 100 pb™' bbgquv -
S
“ 100:— = e’u W
£ =f . o b
é ¥ h ’
L o s 1 . P (R T S (N T S T T (N S S Sl T N f'v
0500 150 200 250 300 350
M, [GeV]
E ‘,in::
Invaluable channel for data-driven z
calibration 5 250l
* can select without b-tags .
« commission b tagging ‘: 150
» general performance €
. : : : ; Z o
S\?llb.r.ate the light jet energy scale with 9 Clear W peak!
_}.] .] o 40 60 .41 100 120 140
Cross-section about half at 10 TeV M;(GeV)
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Simplest New Physics Signhature?

ATLAS preliminary I ZII — ll I Z' Discovery potential
— - L
2 r : | | | -
= g P e I TIIIIII I
£ :
= =
© 1 | 8
L - 1
@
107 E =13
= 7] @
.2 - =
s i E ;
107 E | H [
F——1TeV 2 ™ parameterization 1 ]
- —=— Drell-Yan - parameterization . ]
-+ 1TeV Z . - ATLAS simulation ‘ 5 i ! _
11 -||||||-|||||||||| ||||||||||||||.||| 1 ‘|D'2 ] L l l l L l l L k l l l I l l ]
500 600 700 800 900 1000 1100 1200 1300 1400 1500 1000 1500 M 20“& v 2500 3000
M (GeV) ass [GeV]

» 7' mass peak on top of small Drell-Yan background

» with 100 pb! large enough signal for discovery up tom ~ 1.5 TeV in
sequential SM c(10 TeV) ~ V2 (14 TeV)

current Tevatron 95% CL limit ~ 1 TeV

ultimate calorimeter performance not needed

ultimate reach (300 fb") ~ 5 TeV
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SUSY - mSUGRA

-

QCD production of squarks, gluinos - E ™
signatures

Jets + E;mss

- | | L L R
;éi - 100 pb-t !
S 107 E
5 | 1
c

210 E
(b} - .

10 i ~1TeV

T
T

1 Preliminary —,_ "LL ::‘—J'—\
[ | S .| I | D | I I I | B | I (1 Il il
100 200 300 400 500 600 700 800 900
Missing E_l_ [GeV]

Need to understand whole detector well
to rely on E ™

— problem will be to know if an excess
is real, and what it is...
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Improvement in Higgs Studies at the LHC

CERN /LHCC 2006-021

» Many studies have meanwhile been performed using

detailed GEANT simulations of the detectors
- Physics Performance Technical Design Report
from the CMS collaboration, TDR, J. Phys. G 34 (2006) 995
- “Expected Performance of the ATLAS Experiment” , Dec 2008,

arxiv:09010512

* New (N)NLO Monte Carlos (also for backgrounds)
- MCFM Monte Carlo, J. Campbell and K. Ellis, http://mcfm.fnal.gov
- MC@NLO Monte Carlo, S.Frixione and B. Webber, wwwweb.phy.cam.ar.uk/theory/ e e T o
- T. Figy, C. Oleari and D. Zeppenfeld, Phys. Rev. D68, 073005 (2003) Phl; h{f;fgi‘efs‘g‘;‘::ﬁzfn
- E.L.Berger and J. Campbell, Phys. Rev. D70, 073011 (2004)
- C. Anastasiou, K. Melnikov and F. Petriello, hep-ph/0409088 and hep-ph/0501130

* New approaches to match parton showers and matrix elements
- ALPGEN Monte Carlo + MLM matching, M. Mangano et al.

- SHERPA Monte Carlo, F. Krauss et al. CERN-OPEN 2008-020
Tevatron data are extremely valuable for validation, work has started e e T

» More detailed, better understood reconstruction methods
(partially based on test beam results,...) o R T el

. photons,
g £negy 64 Job b Imestigamed. sageiber with the perfoemance
of pecagping and B wigger. The physics powntal for & vaneey of

cxamined. The stady comapenes o i of s bened on sirsudation
™ e

o o . s ear 4 pertocn f the LI s CERCL

* Further studies of new Higgs boson scenarios

(Various MSSM benchmark scenarios, CP-violating scenarios, Invisible Higgs boson decays,.....)
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Higgs Searches: present Ilmlts

T4 Gal

Ince
ﬁ%a =
—0.02758:0.00035
--—0,027494:0,00012
==+ incl. low QF data

e The electroweak measurements are
sensitive to my through radiative

corrections: \
T

H - o3 N -
H ] A
w - “ W log — o il
PUR 4’3\4 FUROR mz :
4 .
0 - Equud:&ﬂ * - F'nalilrﬂirlnaryr
e Direct search at LEP2: 30 100 300
b jet my, [GeV]
e H b jet
p ICHEPOS: Tevatron excludes
. . mH_Ur 0 GeV with 3fb-!
a 7 . 2 == Expected
g —  (Ohserved
E B ilc
LEP limits: d 10 | 426
1144 <my ;<182 GeV/c? R
i wy
t t &
Direcie Indirecte
1
: Tuly 30, 2004
155 160 165 170 175 18{] 185 190 195 2{}[]
m, (GeV/c’)
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Higgs Production at the LHC

March 5 2009

A.Djouadi Phys.Rept.457:1-216

-
-
o
-
-

a(pp — H + X) [pb]
V5 = 14 TeV
MRST/NLO
my = 178 GeV

gg [usion process is the
more abundant, followed
by the Vector Boson
Fusion process.

1000

My [GeV]

Typical uncertainties on cross-section

gg 10 % NNnLO

VBF 5% NLO
WH,ZH 5% NNLO
ttH 159% NLO
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SM Higgs Decays at the LHC

—+|

a oy

RLD

.14
L

0.01

BR(H) A

0.001"

i _.-' ‘-"-__. " ) b e, .
> WW 0.0001 - ——1 '
H » 1Y 100 130 160 200 300 0D TOO 1000

My [GeV]

Many channels explored!

All the mass range is covered!
H-— WW, vy, bb
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Light Higgs Boson ...

g t t Ho 9 W_@,z 7 3 HE
Y ' E>ﬂn Ho ] t
g g fusion . W, £ bramsstrahlung 7 fusion T
pb ' LHC (s PRARIAAMSAANRAE 10% | Tevatron
ok Vs = 14 TeV e pb s(pp—> H + x) Ipbl
oL M- o(LHC) o Tevatron): [ E veT T
| ~70 gg — H e
L PN ~ 60 qqH — qqH e T
b ey e Whyzn [T T
0L for m; <200 GeV T S HZ
T ] e
0k e TRy o
.l;,_.:}?f 5-1?
H.‘l“l L ! ! L ! L L ! L st IR R S R B B
0 200 400 G B TN 10 B 100 120 140 180 180 24
M, [GT] My (GeV/c?)
Tevatron Main Search Channels | LHC Main Search Channels
— e —
my ~115 GeV <’WH—> vbb H — vy, qgH — qare
H — vvbb, lIbb ttH— IvbbX
m, ~ 160 GeV |H — H— WW-— IlvlvH=ZZ*—4],
gqqH— qqWW— qglvilv
Large backgrounds at the LHC -/ \ Cross-sections too small at the Tevatron
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HIggs — vy

» Important channel in the low mass region.

« It gives the best mass resolution thanks to excellent
electromagnetic energy resolution

ATLAS SELECTION
* Trigger: at least 2 1solated photons. with py>20 GeV/c each
=2 g(respect to offline) = (93.6 + 0.4)%

* Identification cut exploiting the shower shape.

* Fiducial cut: O<Inl<1.37 & 1.52 <Inl < 2.37.

* Isolation cut: Lpr< 4 GeV/e, considering all tracks with
pr>1GeVicin a AR=0.3 cone around the
electromagnetic cluster.

* Momentum cut: pr>25GeV/c and pr>40GeV/c for the two

most energetic photons.

............

0l

0.01 |

o[

f BR(H)

C X
o]
- ik
&
ro .
¥ . ]
] X iy
g R
[ el
i .
! 1 -
n Ly L
]
R
! RN
r L
e
] » i

1 | ! i I I I :
100 130 160 200 300 BO0  T00 L0
.n!.ll']r” [(':'l""u.]

L0001

v

Selection efficiency:
£=36.0% (32.2% with pileup 107 cm2s)
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In a mass window M, +/- I.4doGeV:

Signal Process | Cross-section (1b)
go— H 21
VBF H 2.7
tH 0.35
i 1.3
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Higgs — yy backgrounds

ATLAS

Within a mass window My +/- 1.40GeV:

Background Process

Cross-section (fb)

Background is evaluated with NL() simulations.

YY 562
Reducible y; 318
Reducible j; 49
Drell Yan 18

It will be measured from data sidebands.

Example: y-jet processes

q 9
— 0000 .-
L0
+ SUAYAFLTLY
q {a) 1

-
o
& 8,3+ g
= QD
=]
+ TATAFLTLY,
Y
q Id]
a
sivRwRele *
L
GO0 0 ————
T
[ ¥
w ML

SOROQD 1\.;_?'_'

9
9 LD ~
"

0R000 b s
¥ a
@Y Ty
¥
AL
q

q M gl

Strategy for jet rejection:

Longitudinal segmentation of the calorimeter.
Fine segmentation of the first layer (7-strips) => good 77

rejection.

Isolation of the electromagnetic cluster.

Isolation based on tracks reconstructed by the inner detector.

March 5 2009
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Higgs — yy reconstruction

PRIMARY VERTEX CONVERSIONS
If the vertex is unknown, add 1.4 GeV to the mass resolution. ~20% of the events with at least one converted y 1

Combine calorimeter and tracker informations! q o Ca .
- ad hoc energy calibration required 1n late conversions;

Photon 1 Phot . - - L
A\Pl - conversion vertex used 1n computation of the direction;
Middle - used for gamma-jet background estimation.
Strips
% 200 1D Material DC3 ATLAS CMS |
v S I Servi 1.4 [ All Tracker
= e E;:‘:I = Beam Pipe
&V & _ %o 160H] 5;‘“'5 Pi 12 - rli;eelr Silicon
~ »am Fipe m Outer Silico
wo 2 200 7, FRN | = Sommon
- Calorimeter — vertex position accuracy of 19 mm S w0 gos
- Combining with the tracker information — ~0.1 mm 5 ® o
Calorimeter information is useful in case of pile-up or g :: o4
. . R =
events with low tracks multiplicity. 2 2 -
~
% 4 !
4 n n
AL LA LAY AL LAAN LALN RALN RALN LA AR [N E e L Lk R LA LR R LA LA R
o N I ' 1 : . m I g E LB | LI | UL | T T T T | T T 1T | LI | L | LI IE
IRk _1:3:;;:1 ] 0.12 _ m;;:ﬁ S 450 Mean=(118.45:0.03) GeV'3
ot —2M0%mis! 3 20! 8 400E To=(1.46+0.02) GeV :
r - 0.1 8 350 Al least 1 converted .. e =
| J r q E LR L L 3
3,08 Only calgrimeter ] goa-  Calorimeter and tracker S00E- With pileup! -
[ ] T 250} =
.08 1 oo - 200 E
[ ; C 1501 E
X . 0.04- R 1005 ATLAS 3
[ ] i ] 50F- =
1.02- 1 o0t . - E
[ ] C oo 110 115 120 125 1 135 14
- ] i ] M, (GeV)
-?{ID-ED 60 -40-20 0 20 40 60 80 100 -1-n8-06-04-02 -0 02040608 1 ;
ZrecZyue ZrecZing CMS: fraction of converted ys

_ Barrel region: 42.0 %
March 5 2009 Ketevi A. Assamagan Endcap region: 59.5 % _ 35



Higgs — vy SIg

=
"]
o
New elements of the analyses: 85
Eiduu'
- NLO calculations available 300RaL.]

(Binoth et al., DIPHOX, RESBOS)
- Realistic detector material
- More realistic K factors (for signal and background)
- Divide signal sample acc. to resolution functions % 100

Signal Significance

nificance

&= Higgs M,=140 Gev (x10)

Cc

MS

L2 Higgs M,=130 GeV [x10} —
. Higgs M =120 GeV (x10}
= Higgs M, =115 GeVW (x10)

2 e Drall Yan

O jets p,,,, > 50 GeV .
0 v *jets (1 prompt r + 1 fake)
3 y+jets (2 promptl 1)
O yy box

2 3y borm

130 140 150 160 170 18O
M, (GeV)
81 ' T ' | ' T ' I — 12 ——
C —— Combined, fit based with M,_ fixed 7 g : In'l L = 30 1rb 1 :
7 - -4 -- Combined, fit baszd with M, floated . 8 - -
C ATLAS —A— Inclusive, fit bas=d with M_ fixed . % 10 kC
6 :— 1 -~ Inclusive, fit baszd with M, floated —: L B ]
= L=10"fh Inclusive, number counting . = - CMS | -
5 :_ combined, number counting _: UQ)" 8 B __
- - = - -1 -
= 3 2 of O et S N N 1 i
g = 3 I = e S S ]
3 = s \\g -
25 = 4 | <=Cut-Based Analysis (with syst. err.) i
n 3 | -Es+iCut-Based A?nalysi 5 (no syst. eryr.) i
1:— - 2 | /5 'Optimjzed Apalysis$ (withisyst. érr.) i
0 E | | | | | | | | | E [ = Optimized Ahalysi$ (no syst. ert.) i
O 1111 1111 1111 1111 11 11 1111 11 1 1 1111 1111
120 125 130 . 135 140 110 115 120 125 130 135 140 145 150 155
Higgs boson mass [GeV] M, (GeV)

e Comparable results for ATLAS and CMS

» Improvements possible by using more exclusive yy + jet topologies

March 5 2009
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Hiaas — ZZ* — 4]

0.01 |-

BR(H) A

0.001 i

"y 1 :
100 130 160 200 300 OO TO0 100D
My [GeV]

0.0001

ATLAS SELECTION
» Trigger: - single 1solated p (e) with p.>20(25) GeVic;

-two p (e) with p.>10(15) GeVic.

« Kinematic: - 2 pairs of same flavor opposite charge lept.

- p=1GeV (at least two with p=>20GeV)

- calorimeter identification

- IMy-MzI<AM, and M,,>M_,
* Fiducial cut: Inl<2.5
* Isolation cut: - Calorimeter: ZE/p-< 0.23

(AR<0.2)
- tracker: Zp/p < 0.15

« Vertexing cut on maximum lepton impact parameter:

dyc,,<3.5 (6.0 ) for i (e)

It is the “golden channel”!

»  Observation of a clear peak on top
of a smooth background!

- Wide range of masses explored

Background will be estimated in sidebands
=2 low systemalic uncertainties

*Look to the Z with first
data to understand lepton

Arbitrary units

Mass
resolution @&
Mz ~1.8 GeV

reconstruction and
detectors response.
«Z2¢e mass peak is
affected by electron
bremsstrahlung. = SEESsS

7O &0 S0 100 110 120
M, [Eev]
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Events/(5 GeV)

Signal significance

Higgs — ZZ* — 4]

[ T | T T T T ]
- . 3 2 12
16— M H->ZzZz*->41 — 1 o
Wz L=10fb E £
- B zbo ATLAS - 2 10¢
12— tt - >
C 3 2 s
10— - e
E i . 2
81— r il — T 6
C L ] 8
6_ B N —_ -
- " E 5 4
4 = .2
2 . 3 % 2
:Il__I:I-lililJ [ T T (N T T N [T S T (N ||f s
POO 150 200 250 300 350 400 pe 50 100 150 200 250
M(4l) (GeV) =z 4 lepton invariant mass (GeV)
I - T T T T
A de ﬂ 15 5P with background systematics
| md4u =T I T R
v 2e2u T.i, ik o ScP (no ermans) _
- e Total 7 & 10 1 —
[x] - # j—
= H— + J—
10— ] E e T
- . s [ -
B i E P
- . T I~ =
: - TMS[ A
I & 10 _I:F: 3 A==
3 st =
1= - _E [T - A ——F mI=inin
L1 ; s s s -~ E :l: -
100 200 300 400 500 600 3
Higgs mass [GeV] 10 200 300 L] D00 00

g (GEV)

5 fb! to claim discovery ~ m,=150 GeV or 200<m(GeV)<400
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Vector Boson Fusion ggq H

Motivation: Increase discovery potential at low mass
Improve and extend measurement of Higgs boson parameters
(couplings to bosons, fermions) Ho
Established (low mass region) by D. Zeppenfeld et al. (1997/98)
Earlier studies: R.Kleiss W.J.Stirling, Phys. Lett. 200 (1988) 193;
Dokshitzer, Khoze, Troyan, Sov.J. Nucl. Phys. 46 (1987) 712,
Dokshitzer, Khoze, Sjostrand, Phys.Lett., B274 (1992) 116.

WW, ZZ fusion >

Distinctive Signature of:
- two high P forward tag jets
- little jet activity in the central region
= central jet Veto

Rapidity distribution of jets in tt and
Higgs signal events:

0.05

0.04

Higgs i

0.03

O

____Higgs
decay

0.02

Tag jets

IIIIIIIII|IIII|IIII
3

products

0.01

Wl -
o L= & BATE
-4 2 0 2 4

T] n
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Vector Boson Fusion qq H(— )

» High BR in the low mass region.

» 3 channels: ll, lh, hh (65% of t gives hadrons) ' """

SELECTION ofh s
+ Trigger: 1solated electrons () with p;>22 (20)GeVie (¢-10%)

7 +E i (g~3.7%) for the hh channel 0.01

BR{H )
* Isolation cut

* Likelihood exploiting the shower shape and the track quality to

separate 7and jet. oo Liid f

+ b-jet veto to kall t#(+jets)—Ivb Ivb (+jets) (background for the 11
channel)

» select highest E. jets in opposite hemispheres 0.0001 Lt LA AN i, USRS
100 130160 200 300 500 700 1000
+ Central jet veto My [GeV]
BACKGROUNDS MAIN ISSUES:
L — TT + jets - Discrepancies in Monte Carlo generator = impact on veto efficiency
« W— 7v +jets - Pileup = impact on E;™* and jet veto
. it +jets - Estimation of QCD multi-jet = no sensitivity yet on i channel
* QCD multi-jets for the /i channel
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VBF qq H(— )

qqH — qqte
— g {vv tvv
— qq {vv hv

— [ T T T I LI LI | T T T I T LI I i
Experimental challenges: %14 C ATLAS E
¢ In-time pileup, out-of-time pileup, underlying event. s VBF H(120}—tt—h -
- test simulations & use vertexing for the jet Em: Ws=14Tev, 3015 ]
B . . = - .
- calorimeter timing et .
. L - . F LI LN L R B B B N B B BN B
- early data underlying event measurement 8L . %, b ' ~_I F= signal (135GeV/c?) 1
. Identificat_:ion of hafh'onic T 6 _ 3 CMS m Ebwa/rc\);/:gef;uets
* Good E™* resolution (since there are neutrinos...) ab E gy Fit to Signal ]
: ] i R\ — Fitto Ziy* (= 21) ]
* Knowledge of the Z — 1t background shape in the , i & £ | — Fitto ".>’ar‘W+j;L 1
high mass region: use data Z — pp to emulate 1t! . = e ]
n g N ]
%0 80 100 120 140 160 180 2 2f -
m, (GeV) ; 30 fb1]
. X "61 O f TT I TTTT I LU | LU I TTTT I TTTT I TTTT | LB I TT E 1:— —:
Higgs mass reconstructed usTng the angle v of ATLAS 3 N ]
between the two T and the collinear § sk \s = 14 TeV, 30 b’ E O e 00 150200 250
approximation: L = ~—_|l-channel 3 M,, [GeV/ic?]
4 ElH S7TE 0 e lh-channel 3
M o = My [Sqri(X;X,) Fy @ | — combined 3
with X;=P(l)/IP(1;) 1~ 3 E ..
T B 3 s i ~50 combining Il and
""" ) L = ,F 3 .
4t -
N P s ey i |h channels in the low
. 3 _ — - . o
B b “~ = 3 mass region with 30 fb-!
1E
0 ; L I L | I L i | Ll II LAl II Ll I I7I Ll | Ll Ll I 1 IF

105 110 115 120 125 130 135 140
my, (GeV)
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H — WW(*)

Interesting for 2M <M z<2M ; where all other decay

modes are suppressed.

Signature is ey (or lgq) + E;",

Three channels:

« -H-WW—evuv(H+ljel)

=

» -HoWWoevuy

« -H-oWWolvgyg

ATLAS

_ VBF (H+2jet)

«  (only for Mg=300 GeV)
-

Measure of spin and CP properties possible

Jor heavy H - WW — lvqq

l'_bﬁl
0.1 o

0.01

0.001 = -

00001

il L

111111111

BRH)

100 130 160 200

300 1000

My [GeV]

00 T00

Comments:

- Il w\2 _ (FH
- N'D 1Mnass peak 9 1se transverse mass. My = \/(ET+ET) (pT + T

- High backgrounds: WW, Wi, tthar, Z 221, bb,cc,QCD multijet

p‘miss)Z

March 5 2009
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CMS: ee, uu, eu final states
have been analyzed
ATLAS: ee, uu analysis in

preparation
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gg —>H — WWr
— @v v

» Large H - WW BR for m, ~ 160 GeV/c?

H— WW — {v{v

M. Dittmar and H. Dreiner
arXiv:hep-ph/9608317v1l

qqH — qq W W*
— Qg €v v

140

e Neutrinos — no mass peak,
* Large backgrounds: WW, Wt, tt

120 -
« Two main discriminants: 100F | |
80 |
(i) Lepton angular correlation ok “ +

40%—“
g wt 1 ol
17!""""'(!-/"".""533"/l j:

-

Yy

(i) Jet veto: no jet activity
in central detector region

T
CMS full

20 40 60 8

Difficulties:
(i) need precise knowledge of the backgrounds
Strategy: use control region(s) in data,
extrapolation in signal region
(i) jet veto efficiencies need to be understood for
signal and background events
— reliable Monte Carlo generators, data driven-
background normalizations

March 5 2009

T I TrIrT
simulation,

[ H-> WW- 2|, m,;=165GeV

All selection cuts

I I TT7T
L=10fb™

NLO cross sections

0 100 120 140 160 180

—a— Signal+Background

Selection criteria:
* Lepton P cuts and tag jet
requirements (An, P;)
* Require large mass of tag jet
system
» Jet veto (important)
* Lepton angular and mass cuts

My = J(BY+ B - (5 + )

dy

E0.1:III\|\I\I|IIII‘I\Illl\I\l\llllll\l‘l\ll‘I\I\l\lll: 1; IIII|I\\\|IIII|IIII|IIII_
Soo9t m—PYTHA VBFH § 2 e PYTHA, VBFH
T F fu nnn AIDGEN, Z+Jels 3 ATLAS nun Alpgen, Z+jets
%U.DBE— ‘EJ.‘ s i MONLO, thar %1[}-1 mm MGNLO, toar -
E0o7E she gl salONOWW 5 E o 11 MONLO, W

(S 1T s}

20.06F z

ATLAS }

Ketevi A. Assamagan
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Tagjet invariant mass (GeV)
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H— WW — {v{v

fud

-

Signal/Background

b

oo oo
i =

NLO cross sechons
H—s WW— i

o S Col eetcow H— WWW— bk

i @ adlea i MLO cross sechions 7

Luminosity needed for a 50 discovery [f)

&7

1 1
170 180 ]'ElIZI
my. [GeVic]

2

3

8
._.”;G:,‘ L

3

2

45
40
35
30
25
20
15
10

Events /( 10)

(&)

—— H42| H— W& — o

:
E 1: ATL‘AS —=— H4d| H—= Ws— o
L
:

" J.L-:It-ﬂ:-ll:-" —— Comiinad

OO
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Significance > 50 @ 10 fb-1
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ttH — ttbb

Complex final states: H— bb,t— bjj, t— b&

t— blv,t— ba

Main backgrounds: t—bjj, t— bj
- combinatorial background from signal (4b in final state)
- ttjj, ttbb, ttZ,...

» Updated CMS study (2006): ALPGEN matrix element calculations for backgrounds
— larger backgrounds (ttjj dominant), experimental + theoretical uncertainties, e.g. ttbb,
exp. norm. difficul. Maybe some hope in the highly boosted regime ...

M (bb) after final cuts, 60 bt T A A A
E 2 ATLAS 3
25 SRR RN R AN R RS -E 18k =
IO : —ttH 115 ] o 3
2 3 N E m 1.6 cut-Dagesd =
S 20f : B oo 1 E 14 pairing Relitood =
ot - = 3 = 42 m—— ponatrained mass 1 =
8 L . ttZ ] - -
@ 15F a2 E 1 -
s I 5 0.8 E
# 10[ - CMS 0.8 3
. - 0.4 \_'*"ﬁ-——_.______‘;
* 3 0.2 =
C CLpE e = =M 1  =bhaay by by bee ol | T T ATl PR =
o / oF : % 005 01 015 0.2 025 03 035 04 045 05
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 ABE
Higgs mass [GeV/c?] Higgs mass [GeV/c?]
) Signal significance as function of
Signal events only .... backgrounds added

_ background uncertainty
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18

LHC discovery

ATLAS
L=101fb"

16

expected significance

_— Cop’)\bined
- 27 — 4l
]

—_
(@)

Luminosity for 5c discovery, fb

potential

’\ CMS

/
/

/

v/ i
a —e— H—yy cuts .
4 —=— H—vyy opt
2 1 —— H—>ZZ—4l —
o b : —=— HS>WW-—212y .
100 200 300 400 500 o 6\‘;‘)0 100 %00 300 400 500 600
i . m, (Ge M, GeV/c
With 2 fb-1, > 50 discovery H
In 143 < m,(GeV) <179
« Full mass range can already be covered after a few years at low luminosity
« Similar performance in ATLAS
« Several channels available over a large range of masses
Vector boson fusion channels play an important role at low mass !
Important changes w.r.t. previous studies:
*H— vy sensitivity of ATLAS and CMS comparable
« ttH — tt bb disappeared in both ATLAS and CMS studies
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1

expected p-value of

Combined Ex

1¢
1L e e gageen ATLAS
10 =l
102 £ T
107 ¢ et
10% £
10°
\ 4 -1
10° ¢ L L=21fb
7 - —Co(r‘r}lbined
107 £ -e-770 4l
8 e
10 E p—
1 079 L expected —.=. WWO0j — evuv
95°% CL exclusion = - WW2] — ev v
10*10 [ T R N R B .
100 120 140 160 180 200 220
my (GeV)

Combined Exclusion CL

1

expected p-value of u

1 F

N

(_:Iusion Limit

~a
.
. [
T

i ATLAS

L L=2fb"

R —_ Co{r'r}lbined
77— Al

e TT
—= WWO] — ev uv

. e WW2] — ev v
expected 95% CL exclusion ) v

100

410.93

10.90

500 600
m, (GeV)

200 300 400

0.98
0.97

0.95

my,> 115 GeV at 95% CL
with 2 fbt

410.85

0.80

0.75
0.70

0.62

055 W_Luminosity required for

120

130 135 140

m, [GeV]
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[——=ii wshErmatic error ' .
q4 L —=-— u:l: s;.-;ur:ar;:u-:’n;s H =22 -47 H-—— ZZ - ds -:i
[ Significancs de-rating due to the L=1 fb' L=1 fo’ =
| eok-slsewhers” effect = nob incheded X
| systematic erraors
al ] included ]
[ e *S i
2+ .-"' III|| |
n | |
: / '- |
[ iy \ ]
[ i L
o . . 1- L Ll 1 1 L L L. L —
100 170 5400 140 1820 =200 220 240 2650

X -
22 : : . ar \
a = NI cross sections - I Q = Cut Bazed Aralysis
1. 8F  Hos WW— ik = g
5 E £
016 SR\
Si1a € 5|
L = Tr
_5_11.2 \ ’; 4
w1 E = C -
0.8 = = af -
0.6 4 @
= al J
0.4 3 I .
02 —: ‘I:— - ] -
| | m I -
‘?4'.'} 150 160 19 0 mg =0 60 S0

[L=]

omnd

m,, [GeVic

Higgs mass, Ge\ie”

z
m, {(GeW/c™)
VI IFTENmiinary

- Mulivariale Analysis

&l - .

L L 1
120 140 160 180 200
Higgs mass, Ge\fic

&

With 1 fb-1, exclude SM-like Higgs with m,>185 GeV in the 4l channel

With 1 fbt, 50 discovery around m,;=160 GeV in H=WW—llvv channel
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Significance
0

-IIII|IIII|IIII|IIII|IIII!IIII|IIII|IIII|

Input to Charmonix Workshop

Combined H—=VWW + H—22 lumi for 95% CL
ChS Praliminany

...................
—e— HZZ+HYAWY (B Te V)

—— HZZ+HWAW (10 Ta'W)
—— HZZ+HYWAW (14 TaW)

=&
]

{  Luminosity needed
for 95% CL exclusion

e |
N, T — ] at10Tev
NS5 (m,~160 GeV): 0.2 fol

1 1 1 ] 1
A2 140 160 180 200

m,, (Gewv/ic’)

(=]
=

Luminosity for 95% CL excusion (fb)

Combination of 0j and 2j, H to WW to Il

A m, =130 GeV o
1ib m, = 150 GeV a
my =160 GeV v

my =170 GeV ~*

[=1]

Fast Simulation
and simplified
analysis

=-J

o

> 50 possible for
m,~160 GeV at 10 TeV
and ~1fb! good data
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Extended Higgs Sector
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A/H —

At high tanp the associated production with a b
gquark is enhanced respect to gluon gluon fusion

uwu

*Decay prohibited in SM

*Enhanced in MSSM

*Clear signature!

*Direct mass measurement (no E;™5)!

b OO0 e, o TOOO0 >,
.
[ 1 | H
: S R P 111 SR
o » backgrounds
A &<
T PPV EL A
-\.-\.l 1 h ‘.u
SAUATLA S
q M [ AT 3.0 : ty, /,L‘J
0t
2
I:] " d.:l P u . ~H
Wy e
- B oo i ol
AR M 3 Z n i W v
g o v
g W :
crEE s }f“;}- H q .":.2 ”D 9 "TT - .
t T ’ o
b~ .a T
WW and ZZ backgrounds are expected small.

March 5 2009

Naormalized to unity

Background rejection:

- Additional jet required => kill Drell-Yan

- muon isolation

- b tagging (based on longitudinal impact
parameter and secondary vertex)

- reject large E,* (against ttbhar)

- jet vetos

64 % bTAGGING EFFICIENCY

i ATLAS ' ]
il
10 = R -=--- light jets from bba
E e - —— bejets fram b 3
C a0 o light jets from tt .
i . & [-jets from it i
10% 3
10° =
k. e e | =
-20 -10 30 40

30 impact parameter + secondary vertex weight, IP3D3WV1

Ketevi A. Assamagan
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Entries / (4 GeV)

b asgof T T [l top pairs —— ; -

° I 7bb 1 -

(E S — [ AT CMS, 30" Exce”ent dlmuon

¥ | signal :  mass resolution

5 CMS; 306" 2 - .

e ; wawe 1 €ssential. Measure
O s : weve’ 5 Wwidth and tan(beta)
1anp = 40 - i M, =200 GeV/c ]

MR R S ) — i ]
Fl L | | 1 :
120 140 160 180 200 220 et s g

M,, (GeVic?) ™ TR @00 a0 anﬁ?(eev cg EEU: RARERRRRRIRRREN 7 ﬁ.AS ]
8 e 5 discovery contour /J 1
3 100 Dhowa ATEAST] 370y goengi gy §

e 20 - Z+ jets Lg r Ny /"_,
=10 GeV ag « = £73 Z4b jets 1L 0h" &7 & PR

i © 10 liminary — WW 4 ¢ I ; £

e @ preliminary I
2 m, =300 GeV, T . ]
T 1 5_m, =150 GeV - Cambined Analysis ]
30 fbl 02 & m, ~200 GeV/ ] il - Wihout Systematics ]
1 it L = - -
o *-' "_‘:L I m, =300 GeV : e Wit Experimental ystematcs
Lll.h_l"-_ 4 10_— —
10 L = : Theoretical Uncertaity 1
U-IIII‘I\\\‘I\I\lll|||||\I‘I\I\|IIII|IIII-
1 80 100 150 200 250 300 350 400 450

200 250 300 350 m, (GeY)

My, (GeV)
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)

H—tt(— |

*Trigger: isolated t4¢) with pr>20 (25)GeV Il two isolated e Il or
one ¢ & one u

* b-tagging on at least one jet to suppress light jets

* Cuts on missing E, , b momentum , lepton momentum, number
of jets ( <3) to reject Z and if backgrounds

* Collinear approximation

BACKGROUNDS:
*Drell-Yan
L —ee
L >TT
o[l
W jets

Z. estimated from data!

Cross Section (fb / 15 GeV)

* Studies ongoing on hadronic 7decay mode
* Mass reconstruction as for SM VBF H— 77t

M scenario

— Exp. Systematics only
-------- +10% a(tt) Uncertainty

Theoretical Uncertainty

EI T T T T T T T | T T T T T T T | T T T T | T T T IE ﬂ BG T
40- - | Wi« 4 5 | ATLAS \E=14TeV,30 fb‘
- 10 ] - 50
35 OZ—-un - bbh/HA—=Ttt—=21+4v 7
302_ [[1Z—ee = C
- ttbar g 40 5  Discovery
E B W+jets ] C
25: - -
C ] 300
20— m,=130 GeV -
15— tanp=20 201~
= ATLAS S
10: : 107
5 —_— - B
= . U‘...|....|..
0 150 200
0 50 100 150 200 250 300

m,, [GeV]
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Charged Higgs

tt — bHYPW — bt(had)vbly

it — bHTBW — bt(lep)vhbqq

DECAY MODES:
H* - v

H* — tb

tt — bHYBW — bt(had)vbgqg

= High tanp well covered already
with 10 fb-"

= Intermediate region hard to
reach (only exclusion)

m(H*) > m(top) g

g

gg/gh — 1| H — bgg|b|t(had)v
——
og/gh — 11b|H™ — 1[B]1h — bV (BB b — blv|blhggh
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Higgs mass measurements

 The mass value itself is important for precision tests of the
Standard Model, but moderate precision seems to be adequate; (as
compared to the anticipated m and m,, uncertainties)

« In addition: the Higgs mass value is important for the extraction of
ratios of couplings)

* Higgs boson mass measurement dominated ZZ—4l and yy
resonances

— Well identifiable with good resolution

T | T T T T I T T T T I T T T T | T T
M H->z75->41
]

= Hllggi FI,,,:JMD GeV [|:10]| |
I Higgs M,~130 GeV (x10} -
CMS [ Higgs M,=120 GeV (x10) —
= Higgs M, =115 GeV (x10)
O ew Drell Yan
O jets py,, > 50 GeV 1
L v +ets (1 prompt 1 + 1 fake) |
3 y+jets (2 prompt 1)
0 yy box
O yy borm

Y
(o]

z2z

-
S

Events/GeV
Events/(5 GeV)
©® N
I|I|II[|II[|III]III|III|IIIIIIIIIII
|
1

oo lowrals

—— .1...:__,, "'—H?n 2_1.;—_“ '.--.-- I

Zbb ATLAS L =10 fb1?

IIIIIIIIIIlIIIIIIIlIIIlIIIlIIIlIII

L T—f_-_h i :ul": J.
160 170

. ! _I— 1 J—I oo (g | 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
180 Y00 150 200 250 300 350

400

M},? (GeV) M(4l) (GeV)

v/lepton energy scale - assume 1%o (ultimately 0.2%o)
— Lepton energy scale from Z—ll (close the light Higgs)
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Higgs mass measurements

2 F — ;
- B CMS, 30 fb i
— i i
\:x:
) 1 —
-] g 3
10" 3 =
E —e— H-—vy E
: —o— H-—»ZZ 54| :
1 0'2 | | |
100 200 300 400 500 600
M, . GeV/c

Precision below 1% can be achieved over a large mass range for 30 fb-1;
syst. limit can be reached for higher integrated luminosities — 100 fb-1
Note: no theoretical errors, e.g. mass shift for large I';; (interference
resonant/non-resonant production) taken into account
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Higgs mass measurements

In case of exotic Higgs boson couplings (e.g. suppressed H — WW / ZZ couplings)

the situation is more difficult

(even the yy decay mode would be affected, since the WW loop contribution is dominant)

Remaining channels at low mass:

gqgH — ggwt— qg €vv hadv

'S B B A L L L L L B B N B |2| -
“o sl , = Signal (135GeV/c") ]
> EW/QCD 2t+jets 1
v f— _ .
Q T tthar W+jets ]
g R | Fit to Signal .
~F  H-— Fitto Ziy* (= 21) ]
‘g C | ——— Fitto tthar W+jets ]
@ 3 | —— Sum of fits ]
w | R ]
22X A .
1 .
0-‘1 3 2 3 T N 0000 - - " . . e

0 50 100 150 200 2250
Mn [GeVicT]

Requires good understanding of
the detector (v, E;™ss), resolution limited

March 5 2009

H— 1t

H — bb (difficult S:B situation, difficult as a discovery channel;
mass value is most likely needed to extract a signal,
if background and mass known, it might be useful and
add to coupling measurements)

ttH, H— bb
RN REAR BEER S PR AR B PRI RallRld Py

§5: 5 ATLAS]

S I ttH

r ! (Jttbb (QCD)

e 4t [ Ittbb (EW)

o { et

St

(7] 3[_— et —

2 =

9 s

(&) 2{_ |
1 .
N P8 S DY B 15 Y8 15 D5 B4 80 51 8725'VS 5550 00 51 151 10 V0 5 B4 878 -ixlx»[-
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Higgs Width measurements

— =
L= B L =30 fiz!
SRk
= =
E [
= 10E
TN =
= B
T 1E
= .F ] — I, from theory
m 10 = T m  Coreolution B
o = d — e SaELEEEIEN
_ 108 i ,.'E — = Brak-wWigner |
E — LUppar il at 95% 0.
. | . | |

rn._.[Ge‘l.l"]

Total width, I',, cannot be measured below ~ 200 GeV - detector resolution;
An upper limit of a few GeV could be set.

Above ~200 GeV intrinsic width could be measured with a precision of ~35%
with 30 fb-! (one experiment)
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Spin/CP measurements

. . . : T.Plehn,D.Ramwater and D.Zeppenfeld Phys Rev Lett 88,051801,2002
General parametrization of the coupllng T.Figy and D.Zeppenfeld Physics Letters B 591 (2004) 297-303

of a scalar to vector bosons: V Hankele,G Klamke.D.Zeppenfeld and T.Fizy Phys.Rev.D74:095001,2006
C.Ruwiedel M.Schumacher and N.Wermes Eur Phys.J.C51:385-414,2007
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+ az gy, g2l q1p420 . 6.02 :*_,_J:tq:::; al U
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0.01- __...++ e I::‘|=|EN++ +++
e o | ._I'"io- - L | | r-v-

%0 ﬂ51 ”1,5“. 22.5 3I

. - - - - mbl!
» Contributions and admixtures can be determined in o06 _
VBF using the A¢ distribution between the two tag jets & . cPo = 120 GeV
® 0050 + ++++++
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Eur. Phys. J. C51:385-414  AQ;
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Spin/CP measurements

o ATLAS study using the ggH — qgWW and qgH — qq Tt channels:
Anomalous CP-even C.Ruwiedel, M.Schumacher and N.Wermes, Eur. Phys. J. C51 (2007) 385

and CP-odd couplings _ _
in VBE » Apply typical VBF selection cuts:  central leptons

two tag jets: My, Py
After (fast) detector simulation ATLAS, qqH — qgWw, L =10 fb'
W [ | —®™— SM pseudo-data H — WW— ihv
"E 50_— reference distribution CPE —
[«}] R e reference distribution CPO
q>, .
w 40— A
o t e
2 30f
E N ) + |
P R S
10T - —
CATLAS oy, O
% 05 1 15 2 25 3
Expectations: Aq)jj

CPE and CPO anomalous couplings:
- with 10 fb! can be excluded at 56 in H—=WW— llvy for mg=160 GeV .
- with 30 fb! can be excluded at 2 gin H—tt for my=120 GeV.
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Summary

Exclusion
— With 2 fb? (one experiment), exclude SM-like Higgs with m >115 GeV, if it does not exist

nggs Searches

ATLAS and CMS are well-prepared to discover Higgs bosons. The SM mass range and
the MSSM parameter space are well covered

— With 1-2 fb1, discovery possible in H=WW-—llvv depending on m,,. >5c discovery
possible in 143 < m,(GeV) < 179

— With 10 fb'1, normally 1 year of low luminosity operation, discovery possible for m, €
[120, 500] GeV

Higgs Mass Measurement - needs more than 10 fb-!

— Higgs boson mass can be measured with high precision < 1% over a large mass range
(130 - ~450 GeV) using yy and ZZ— 4{ resonances

Spin and CP

— Angular correlations inH — ZZ(*) - 4 ¢ and Ad; in VBF events are sensitive to spin
and CP (achievable precision is statistics limited, requwes high luminosity)
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Summary (cont.)

Couplings to bosons and fermions - need more than 10 fb?

— Ratios of major couplings can be measured with reasonable precision;

— Absolute coupling measurements need further theory assumptions (Methods
established, exp. updates are needed, in particular for VBF channels at high luminosity)

Higgs self coupling

— No measurement possible at the LHC; Very difficult at the sLHC, there might be
sensitivity in HH — WW WW for m,, ~ 160 GeV. Situation needs to be re-assessed with
more realistic simulations, timescale unknown
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MSSM Higgs

a0

I I 1
, , , My [GeV
* One doublet of Higgs pseudo-scalar fields is replaced with two: : E “[ !
Jap =
- One couples to up-fermions and has vev=y, a00 1-
. an T =} —
- One couples to down fermions and has vev=y, A = 30 -

200 b e E

» 2X4-3=5 physical scalar fields/particles: /1, I, A, I~

LA[)

*Properties at tree level:
- fully defined by 2 free parameters: m , ianfi=v, /v, 100 ="
- CP-odd A:

never couples to Z or W; .

decays to bb, 77 (and additionally #f for small tanf). 50 L= ! L L -
- CP-even h and H: v v .hf_:'l[‘:‘::u;:'lr W "

SM-like near their mass limits vs m1,;

at large ranfl enhanced coupling with down fermions,

i
T

suppressed couplings to Wand Z.

e
U A

- H™ “strongly” couples to th and v E cMSSM
- All Higgs bosons are narrow (I'<10GeV) i
Includes:
150 - WMAP
na -b— sy
B

We choose the benchmark scenario i77,"“* corresponding
to maximal theoretically allowed region for m;,

100 00

O, Buchmiiller et al., arXiv:0707.3447
T

mp, = 110 (+8) (-10) = 3 (theo) GeV/c?
....watch the low mass region !
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Higgs search at the LHC in CP-violating scenarios

- Tree level CP of Higgs Potential in MSSM may be violated sizably at higher orders by loop
effects involving CP-violating interactions of Higgs to stop and sbottom

- CP eigenstates h, A, H mix to mass eigenstates H,, H,, H,

- Effect maximized in a defined benchmark scenario (CPX)
(M. Carena et al., Phys.Lett. B 495 155 (2000))
arg(A) = arg(A,) = arg(Mgino) = 90°

My, = 169.3 GeV/c?

- No lower mass limit for H;
from LEP !
(decoupling from the Z)

details depend on m,,, and on
theory model |

Theoretically 4
. CPX Inaccessible ]

my, (GGV/L )

A

m
[GeV]
B 13

105 I 2

Lio - N

My, = 174.3 GeVic?

1k Theoreticall
C CPX Imccesmbley

...........................

0 20 40 60 80 100 120 140
my, (GeV/c)




Invisible Higgs decays ?

Possible searches: ttH — {vb qgb + P ™S
ZH — + pmiss
qqg H — qq + meiss

- J.F. Gunion, Phys. Rev. Lett. 72 (1994)
- D. Choudhury and D.P. Roy, Phys. Lett. B322 (1994) )
- O. Eboli and D. Zeppenfeld, Phys. Lett. B495 (2000) WW, ZZ fusion

All three channels have been studied:
key signature: excess of events above SM backgrounds with large P;™ss (> 100 GeV/c)

Sensitivity: ¢ =  Teamasll i
Y. £ =BrE —dnu)—E Problems / ongoing work:

_| Comparison of the discovery potential for different channels |

L S [ T T A « ttH and ZH channels have low rates
o= ]| 95% CL o .
S T « More difficult trigger situation for gqH
B « backgrounds need to be precisely known
1 (partially normalization using ref. channels
possible)
e non SM scenarios are being

ot =gl '[éov'ﬁ studied at present
* first example: SUSY scenario

ATLAS preliminary




Invisible Higgs decays ?

Higgs—Lightest Susy Particle

Two production modes analyzed:

* Associated production ZH.
- Background from ZZ—{lvv.
- Too mueh background to analyze WH.

- VBF.
- Backgrounds from QCD-dijets, W+jets and
Z+jets, when leptons are outside the detector
acceptance or Z —» vv.

Caution: there could be nonSM backgrounds...

Missing energy is crucial

. . OBsn
&2 = BR(H — imv.) 24

_‘“\?Eﬁﬂ B T T T I T T T I T T T I ETSJR-I
::'_' B AVEF Shape Analysis n
w 200 - ZhiH Boosted Decision Tres Analysis —
- ATLAS .
150 < —
100~ —
- l:ll} '::}‘ —
- % o 4
L A ]
s0 ¥ a .
: 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 :

lPDE:I 120 140 160 180 200 220 240 26

Associated production:
H— y°%’ recoiling

against Z —ll
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Higgs decays via SUSY particles

If SUSY exists: search for
HIA — %% — W% Wy

50
45
40
poN
835
“30
25
CMS, 100 fb™
20 maoximal stop mixing
15
) A, H=—> x50 —> 4 lept
0 =:§ TT > |+1—jet+X, 30 fo’
5 E —
100 200 300 400 550"‘3‘“";;57)’ - ;OO 800 900
ma (GeV)
CMS: special choice in MSSM (no scan)
M, = 60 GeV/c?
M, = 110 GeV/c?
uw = -500 GeV/c?

gb>tH*, H* — y, 50 %, ,* — 3¢ +EM'ss

= 5 T T T T T T T T
i 4
§ o ATLAS, 300 fb
- i}
20| % :
r.
Tt gb — tH, ]
; : H - i;2 /(32 34— 34N -
5t !
4 —-n'im",h =
o LEP 2000
2t

1

L 1 i | L | L 1 1 1 | | L 1 L 1 L
50 100 150 200 250 300 350 400 450 500
m, (GeV)

ATLAS: special choice in MSSM (no scan)

M, = 60 GeV/c?
M, = 210 GeV/c?
w = 135 GeV/c?

m(s- £ 5) = 110 GeV/c?
m(s-tg) = 210 GeV/c?

» Exclusions depend on MSSM parameters (slepton masses, m)

* More systematic studies are needed

(initiated by A. Djouadi et al., also started in ATLAS)
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Discovery potential for SUSY Higgs bosons

o

ATLAS
JFLdt=300 b
Maximal mixing

h (SM -like)

LEP.2000

4//

4 Higgs observable
% ﬂ!ggs observable

Iggs observable
1 Higgs

observable

A, H, H+ cross-sections ~ tan?p

- best sensitivity from A/H — tt, H+ — tv
(not easy the first year ....)

- A/H = uu experimentally easier
(esp. at the beginning)

Here only SM-like h
observable if SUSY
particles neglected.

* Validated by recent ATLAS and CMS full simulation studies *

Coverage in the large m, wedge region can be improved (slightly) by:
- Higher luminosity: sLHC
- Additional SUSY decay modes (is however model dependent)
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Higgs — ZZ* — 4]

Calorimetric isolation ) Track isolation
. = o - - " T O 2k
Reducible backgrounds B . H130GEV) S ZZ s A - —— W130GEY) - 22— &
o — i wemsemm Zhb
have activity around . -
g g
leptons from b-decay Ly W
AR= AP IAGZ v
1t W' g
I"'I'[: 1 In_I:Y I|':I_|. L I._'| RI 1 | L1 I|_I1I 1 I|__I_1I 1 I|_I|'.I I|D |J| 1 ”'_':, L1 I{I_IJI 1 |u.|4| 1 Il'_l!t\' 1 I{l!al [ : [ |L|1| 1 I|_I.|I |L!b| I|!al 1 |:| 1

Wlaximmam L L'w_-.'p!rt:-r 4 H:--J.N Mlaximm = |'\-|."|l"r For 4 B=0.20

Normalized calorimetric and track isolation (AR=0.2) for the signal
(my = 130) and the Zbb and tt backgrounds in the 4 channel.

f b 3_,; H&"p"'I"'I"'I"'I"'I"' P H&Afﬂ —_ T
Lepton from b-quark 10" —Sgral a1 aAg 5100 — Signal
: . g = — Zbis z 7t ATLAS
t der,j_}r d{}.ﬂﬂf pﬂlﬂ; Eﬂ}'?;— —1 %10-! -t
owards primary vertex = e
- R § Y "
(= 108 L T T
= LN i T W
R
ot e 's

M L P PRt PR P I i H
0 o 2 4 i g 10 12 14 16 18 20
d significance dU significance

Transverse impact parameter significance i signal and reducible background
events.
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MSSM scan

Benchmark scenarios as defined by M.Carena et al. (h mainly affected)

ATLAS preliminary, 30 fbt 5¢ discovery

MHMAX scenario

tand

T

v
LR
n|b

MHMAX scenario (Mgysy = 1 TeVic?)
maximal theoretically allowed region for m,

PN il

Nomixing scenario  (Mgygy = 2 TeV/c?)
(1TeV almost excl. by LEP)
small m,, -> difficult for LHC

" w e owm e

-----------------
AR N ex uded by LEP (prel)
A ] [

A N I I S P P AP PP PPy
We N0 M 4 SH M M 4w 9w 0w
M, (GeV)

Gluophobic scenario (Mg,gy = 350 GeV/c?)
coupling to gluons suppressed

(cancellation of top + stop loops)

small rate forgg 2> H, H> yyand Z>4 ¢

Gluophobic scenario

Small a scenario (Mgysy = 800 GeV/c?)

coupling to b (and t) suppressed
(cancellation of sbottom, gluino loops) for
large tan p and M, 100 to 500 GeV/c?




luminosity ratios

10 vs 14 TeV?

10 L LY ! coor e
| ratios of parton luminosities ] At10TeV, lower cross-section
at 10 TeV LHC and 14 TeV LHC | for high mass objects due to
0.8 | James Stirling - lower parton luminosities...
: ] Below about 200 GeV, the
0.6 1 suppression is <50% (process
- dependent)
i » e.g. tt ~ factor 2 lower
0.4 I i cross-section (still 50x
- Tevatron)
i Above ~2-3 TeV the effect is
0.2 F
I more marked
| pdfs: MSTW2007NLO .
00 = o———= 1“11:33 — Vast majority of studies done on
M, (GeV) Is=14 TeV capabilities
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