[ecture 2: searches

Lecture 2:

 reminder of motivations behind accelerator and experiment
* existing experimental limits on sparticles

 MSSM sparticle searches at the LHC

« MSSM Higgs searches at the LHC
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Why SUSY is a good idea

One of the most appealing extensions of the Standard Model:

TeV-scale supersymmetry

[= a symmetry between fermions and bosons,
duplicates the SM particle spectrum, but not the couplings]

Solves several problems at once:

* hierarchy problem

 opening towards a theory of gravity

e unification of gauge couplings

 dark matter candidate (=lightest susy particle or LSP)

* allows to explain why the Higgs mechanism works
(radiative EWSB)
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New sparticles

Need to introduce new particles :

leptons (1)

quarks ()
gauge bosons (b)

Higgs bosons (b)

(f = fermion, b = boson)
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How heavy’

How heavy are the sparticles?

independent arguments for 1 TeV scale:

- Gauge coupling unification
- Hierarchy solution

- Dark matter (?)

- EWSB relation
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A new accelerator : LHC

Ecm =14 TeV
40M collisions/s
ALICE

Superconducting
magnets (8 T !!)

. 27TKm —* N

CMS
Compact Muon Solenoid
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M . B V nstitute for
% The Benchmark Reaction: SM Higgs

Use SM Higgs as a benchmark for new accelerator/detector design

Promising SM Higgs decay modes:

* low mass: H — vy

* intermediate mass :
H — WW-— 2 leptons + neutrinos

* highmass : H — ZZ — 4 leptons
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ETH Institute for
Y Particle Physics

* LEP (e+e-) not enough energy for new physics
(limited due to synchrotron radiation)

e upgrade: either larger R or larger m (since - AE « 1(5) )

R\ m

* 50: 1) keep LEP tunnel and go to protons (large m) or
2) go to a linear collider (large R)

* decided to do 1) first

* energy of LHC determined by bending power magnets:
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Design goals of the LHC

Hadron colliders are broad-band exploratory machines
May need to study W, -W, scattering at a cm energy of ~ 1 TeV

E,, ~ 500 GeV 7’
Ecuaic ~ 1 TeV
E. oo, ~ 6 TeV

LRI

proton

= pp collisionsat7+7TeV =—p |14 TeV collider

Event Rate = L.6.BR —p | L~10% cm??s’!

e.g. H(1 TeV) » ZZ - 2e+2u or 4e or 4u
For L ~1034, Evts/yr = 1034 10-37.103.107 ~ 10 /yr !l

Supersymmetry facing experiment -- Feb 09 Filip Moortgat (ETH Zuric?l)



-

Simple calculation:

require that the magnetic field compensates
the centrifugal effect:

2
V

F=m— < F=¢qvB
R

E[TeV]=0.84 B[T]
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Particle Detectors

Heavy materials
eg. Iron or Copper +

active media Each layer identifies and measures

(or remeasures) the energy of particles
unmeasured by the previous layer

Tracking Elecomognedc Hadron Mion
rhamber calcrimerer  calorfraeter  charber

Muons (1)

ety g
et
—
muons

Charged tracks -
ef,usht _TzF
tracker N

Innermos Laver,,, ———3» , Ouiermes. Leyer
No single detector can determine
identity and measure
energies/momenta of all particles

High Z materials

eg. lead tungstate
Zone in which only  ¢rystals

v and 1 remain

| detectors

Lightweight
materials
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& (CMS) Design Criteria  [()pebets

Very good muon identification and momentum

measurement
Trigger efficiently and measure sign of TeV muons dp/p < 10%

High energy resolution electromagnetic calorimetry
~0.5% @ E;~ 50 GeV

Powerful inner tracking systems
Momentum resolution a factor 10 better than at LEP

Hermetic calorimetry

Good missing E; resolution Transparency from
the early 90’s

(Affordable detector)
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The CMS components (D i

\

SUPERCONDUCTING ECAL Scintillating PBWO, CALORIMETERS
COIL ~_ o B Crystals

HCAL Plastic scintillator
copper
sandwich

—y

TRACKER

Silicon Microstrips

Pixels //

o
=]
o
a
a

wires

Drift Tube Resistive Plate
Chambers (DT) Chambers (RPC)
strips
Total weight : 12,500 t
Overall diameter : 15 m MUON ENDCAPS
Overall length : 21.6 m Cathode Strip Chambers (CSC)
Magnetic field : 4 Tesla Resistive Plate Chambers (RPC)
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Experimental Challenge

LHC Detectors (especially CMS & ATLAS) are radically different
from the ones from the previous generations

High Interaction Rate

pp interaction rate up to 1 billion interactions/s
Data can be recorded for only ~102 out of 40 million crossings/sec
Level-1 trigger decision takes ~2-3 us

= electronics need to store data locally (pipelining)
Large Particle Multiplicity

~ <20> superposed events in each crossing

~ 1000 tracks stream into the detector every 25 ns

need highly granular detectors with good time resolution for low occupancy
= large number of channels (~ 100 M ch)

High Radiation Levels

= radiation hard (tolerant) detectors and electronics
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Cross sections @ the LHC

N LHC  Vs=14TeV L=10%*cm™s™ rate ev/year
bam eI IR 1°
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Level-1 trigger table

( ETH Institute for
_ Particle Physics

CMS Level-1 Trigger table (2x10°°)

Trigger Threshold Rate (kHz) Cumulative Rate
(GeV or GeV/ce) (kHz)

Isolated e/y 29 3.3 3.3
Di-e/y 17 1.3 4.3
[solated muon 14 2.7 7.0
Di-muon 3 0.9 7.9
Single tau-jet 86 2.2 10.1
Di-tau-jet 59 1.0 10.9
1-jet, 3-jet, 4-jet 177, 86, 70 3.0 12.5
Jet*E mis 88*46 2.3 14.3
Electron*jet 21%45 0.8 15.1
Min-bias 0.9 16.0
TOTAL 16.0
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Chargino Production
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Standard Model
backgrounds
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Channel M > (GeV) AM

Y, 43.7 EW measts LEP

e — ey’ 99 10 GeV LEP

0 — uy, 95 10 GeV LEP

T 1Y, 85 10 GeV LEP

t —ex, 95 20 GeV LEP

t > bV 96 20 GeV LEP

b — by’ 94 20 GeV LEP
§ —> J+E ;’ 233 msugra Tevatron
q —>Jj+E ;7 318 msugra Tevatron

i 103.5 Large m, LEP

oy 92.4 Small AM LEP

Tevatron: 2005 numbers. LEP: 2004 numbers
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ETH Institute for

Particle Physics

In MSSM - In MSUGRA

With LEP Combined results
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ETH Institute for
q Particle Physics

Supersymmetry searches at the LHC

* Inclusive signatures:
discovery, fast but not unambiguous

» Exclusive final states & long term measurements:
towards understanding the underlying model
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Generic SUSY signatures

General characteristics of R-parity conserving SUSY::

- sparticles pair produced and LSP stable
—> large amount of missing transverse energy

* coloured sparticles are copiously produced and
cascade down to the LSP with emission of
many hard jets and sometimes leptons —

> Generic SUSY signatures are
E;™ss + multi-jets (and multi-leptons)
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NLO cross sections at LHC
" NLO calculation is important:
Onio ~(1.1-1.9) 0,4
" Remaining scale dependence
~15% (uncertainty)
" Atl TeV, summed o> 1 pb
" ]fbat~2.5TeV
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Slepton pair production at NLO

" Drell-Yan process
mediated by Z* or W*

" With QCD corrections at LHC
Onpo ~(1.25-1.35) o/,

" (Cross section 1s small
<] fb at ~500 GeV
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Chargino/neutralino production

Chargino/neutralino direct
production

= With QCD corrections at NLO
Onio ~(1.1-1.4) 6,4
" Interesting: XoX:
with x5 = I % =% v
=> trilepton final state
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Inclusive SUSY EI CTH stiute for

mSUGRA reach in various final states for 100 fb™’

1500

A =0, tanp=35, u=0

o J ets + ETmiss

* 1,2,3 lepton + Emiss

e opposite sign (OS) or
same sign (SS) di-leptons

e often several topologies
simultaneously visible

No symmetry breaking
© 1500 2000

m, (GeV)
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A typical SUSY selection {)EE=4

Event selection :

* large missing E; (MET): O(> 200 GeV) (— LSP)
MET challenging to control at startup
« at least 3 hard jets (— cascade decays)
3 may not always be optimal
* N leptons (according to investigated topology)
growing N: reduces QCD background
« angular or event shape variables for background rejection
top background probably the most challenging

Main backgrounds: tt+jets, W+jets, Z+jets, QCD (multijet)
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Jets + MET () Bl

Nieptons=0 : largest signal cross section, but beware of QCD!
Event Selection: Efficiency for e.g. SPS1a: 13%
* MET > 200 GeV
* = 3 jets (In] < 1.7/3/3) with E; > 180/110/30 GeV
* indirect lepton veto | 10°; =
* cleanup and QCD rejection s § ! L= 1fbr Smowi
(see next slide) %mL .
Main backgrounds: T

« QCD multijets: MET due to mis-
measurements or jet resolution il

* Z+jets: Z—vv irreducible o] | e Al g
« tt+jets: hadronic or lost lepton(s) 1 | <100 pb-1

« W+jets: hadronic or lost lepton w0 500 "'%‘*‘255"'4‘*"1'656'1'36'2°'°°'55'55'24'°°,;j°(;;‘;;)

Eagly data; cannot frust simylgion — determine backgrounds from fiat




Jet + MET reach CTH sttute for

mSUGRA reach in E"T“Si jets final state

: . 1500 - -

Signature: ETmlss + jets g - A =0, tanp=35, n>0
: 1300
£ 1200
co~1pbatl TeV o
— physics for startup 4000

900
800
700
600

 with 300 fb-1, reach squarks so

» significant reach after 1 yr

and gluinos up to ~2.5 TeV ~ *? -,
300 h (114) mass limit ‘-._?
200 J Rl o S %, 8(500)
* (need good understanding of 100 .
0 : i .No .symme?ry I.yroa.km.g
detector and backgrounds!) 0 1000 1500 2000
m, (GeV)
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QCD rejection:
* MET in QCD is due to mismeasured jets
« Suppression via topological cuts:

R, ,=\AD: +(m—d,,)° >05
with A¢1,2:|¢11'}2_¢(MET)|

l.e. MET is along or opposite jet

Cleaning against beam halo, cosmics, &

calo noise:
* good primary vertex

. . py-EMF’
- event electromagnetic fraction: fzt‘ ’ - 0.1

> P

- event charged fraction: 2 pr
teks __-0.175
ot -
p7
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QCD estimation D) e

« previous studies (Physics TDR) estimated backgrounds using Monte Carlo

* now, data-driven methods being explored

» often “ABCD” method used: Idea:

IF variable 1
and variable 2
are uncorrelated:

c=p.B

A variable 1

variable 2

Avoid signal contamination in A,B,D

« variables for hadronic search: MET, Rsum, A¢(jj), Ap(hemisphere), ...

* variables for leptonic search: lepton isolation, impact parameter, MET, ...
 correlations to be studied
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Irre duc lb 1 c: Z —>1)) () ETH institute for

Particle Physics

Data-driven estimation from Z+jets
“standard candle”: use Z— uu v
- replace leptons by neutrinos

(and correct for acceptance using MC) "a l';{ —

- total uncertainty ~20% for 1fb-" o | 1-Zvv
statistics limited: e 10 —|7 prediction -
BR(Z— uu) = 1/6 BR(Z— vv) § - -

g
: : : o 1
New: data-driven estimation _Irll'
from W, y+jets ;:
assumption: bosonic events at high Pt 10° i@
look similar — use W,y+jets ; CMS freliminary 4
- gain in statistics (— 100 pb-' analyses) 0 200 400 600 800
o(W+2j) = 3 6(Z+2j) = 0.8 o(y+2)) | ET-llkf (GeV)
- complementary to the above | i g;’:ﬂl:“kgr‘;“‘d estimate (100pb ) |
(other backgrounds/other triggers) From y+jets | 20 £3 (stat) £5 (5y5)
- beware of signal contamination From W+jets | 35 4 10 (stat) £8 (sys) 43 (theory)
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New: di-jet + MET (D et

Robust extension of full-hadronic search

Event selection: g squark =" -SP
« 2 jets with P> 50 GeV, leptonveto " q
i PT,J1+PT,j2 > 500 Gev e,
« angular/acceptance cuts for cleaning g = S _
* new variable (Randall/Tucker-Smith): Squarks lighter : q
than gluinos LSP
o= Er _ E; i - 0.55 "a 108 F —— _
M, \/2E1E2(1—COSG) § 10° — SUSYLM1
c — Z-vv
NOte % 10° | — W—vl,Z—lltop
» calorimetric MET not (directly) used 10°; > 1
« dominant backgrounds: 10°) fi- CMS preliminary
QCD and Z—vv; estimate from data L. \'"vg,% 1

SPS1a discovery within 100 pb* 90 05 1 15 2
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Lepton + jet + MET () et

Event selection: Cut.optimiz.ation
via genetic 1
» = 1 isolated muon with algorithm on 10fb-
P> 30 GeV
° ET,J1 & ET,J2 > 440 Gev, 1200_— tanB: 10, Ao=0,u -0 4CMS
ET,j3 > 50 GeV B u+jets+E T™®
* MET > 130 GeV 100g with systematics
« single/di-muon trigger wo:_
. angL_JIar cuts for MET s | L= 60 b
cleaning 8 ol L =30 fb"
é_" B L=10fb"
a0l
B L= 1fb"
Early SUSY discovery oo
in leptonic channels possible! L m, S
ol L L L L Ll T
0 200 400 600 800 1000 1200 1400 1600 1800 2000

m, (GeV)
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Same-sign dileptons

Signal: Background:

- ask for 2 SS leptons + hard jets + E s
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m,, (GeV/ic2)

Same—sign leptons + jet + MET [ )Rz

Event selection:

* = 2 isolated same-sign muons with P> 10 GeV
* = 3 jets with E; > 175/130/55 GeV

« MET > 200 GeV

* single/di-muon trigger

1000~ AL LR I I I DL B B
900 | Discovery Contours CMs
800
700

Note:

« almost no SM background

'lllllllllllllIll[ll[llllllllllll

600

500 o(W+W+): 17 fb

400 * muon trigger expected to
300 be most robust at startup

200 « complementary to hadronic
100 channel

- llll 1 1 ll
00 500 1000 1500 2000 2500 3000 3500

2
To{GeV{c ) o Filip Moortgat (ETH Zur:lac%)
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SUSY discovery potential

To summarize: many complementary channels for 1 fb-1:

1000 —
E"-f‘ LSP tanﬁ — 10, AO - 0, u > 0 CMS
%001~ with systematics
s00=_ m, =120 GeV 1fb’
700 —
= ——— jet+MET
600 | —— — p+jet+MET|
5 = — . SS2u
=~ 500 — ---- o0s2l
o~N L
: B ==e==- 27
€ 400 N - Higgs
= . , -rremaaw ZO
300 : SLTTrTea T BN v {OP
Fm, =114Gev =~ - R T T
200 :_ - \\ \\
j00 £ = 103 GeV \
- NO EWSB
o_llllllllllIIIIIlIIIlIIIlIIIllI|IIIIIII|
0 200 400 600 800 1000 1200 1400 1600 1800 2000

m, (GeV)
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E,™==360 GeV
E/*'=330 GeV
E*2=140 GeV
E/*2= 60 GeV

Need large calorimeter coverage and
no cracks to avoid “fake” missing-E;

[ | | I I
CMS
005l event pile-up background in bunch |
crossing at 1034 cm2 s°1
0.045 [~ -
0.04 - -
.. 0035 i z
w No VFCAL: d
~ = miss - — N
~ 0.03 o (EMS%)= 1.0./3E, § [ Missing ETin MHT30 skim_|
%J" 0.025 S 2 - - L0 = _ .
[ £ § E MET includes cells with E50 (no CH)
S 002 T~ - = @ T B No comection
i [B8 Badruns were removec
0.015— With VFCAL: -“"a’__ — 10° &S [T7] Moicy events were removed
0.01 - p (ET“}: 0.69-‘/£Et i [ Badcellsitowers were removed
& 3 Runl
0.005 [~ Tz 10 V. Shary CALORD4
| | | | | 2 no cleaning
0 500 100 1500 200 2500 3000 ,
10 after

2E, (GeV) / cleaning

MET cleaning is important! 0 50 00 150 200

Missing ET, GeV
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Msysy (GeV)

Variable that gives
information on the
“SUSY scale”:

4 g
Sum __ o miss ‘
E;"=E" + Z Pr; §
i=1 .
&
1200 _I LI I LILLL I LILELL | LI §
N o ] )
1000 g . *
N s S ] %
800 |- * = D
- oj ¢ N A
600 — s, S L -
400 7 x4 3
B pt N _
200 Warning: =F
- model dependent plot! 4
0 500 1000 _ 1500 _ 2000

ETsum (GeV)
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Exclusive final states

e so far: 1nclusive measurements

fast discovery, but does not
unambiguously single out SUSY

* need to reconstruct sparticle decay chains and masses involved
need to be prepared for all possible final states

* goal is to measure cross sections, BR’s (= couplings)

and even spin of the sparticles
LHC can not only discover SUSY, but
also MEASURE its properties (if nature 1s kind)
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Coloured sparticle decays E

u Beglgn 1 m(g)>m(q) MSUGRA, tong = 10, &= 0, & > 0
g =499 =>ax R B LR

B Region 2, e.q.

N w—

aL _>§q9§ _>bb3b _>b/1/ gaoo
4

600

B Region 3 m(q)>m(2) -
§—23.8>q99y

a
0 200 400 BOD GOD 1000 1200 1400 1600 1800 2000
m, (GeV)
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Significant fraction of

MSUGRA, tanf = 10, A, = 0, it > 0

0 200 400 600 800 1000 1200 1400 1600 1800 2000
X SR : : ey :
P 0 1400 3/ /S 11400
q— Y LN § _1226GeV
T | S i 2y
'°'|~ '/ TN “7@ e
1200 g /& 78 11200
7 S Y
/ @\"‘
/
0 Ti IF 1000 // ! 1000
A, =11 s
= (] , //'
e / m,, = 120 GeV
~ooO NN S/ oo Th == 800
E A
0 h 0 _0 - Br{ (5—h"() > 0.5
600 : 600
X2 =N X o)
i o8
400 {400
5 o _,--{!-If:'———_;,«‘7—~;~~—'—rr-Tl‘aﬂj{g}z*’i,gbo.s
— T my, = 114 GeV ]
A Z e VN ., =103GeV M © 200
= I “,luvu :
. tron _ NO EWSB
1 A L L 1 al 1 PR o
0 0 400 600 800 1000 1200 1400 1600 1800 2000
+ —
v, =Ty

m, (GeV)
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Final state: 2 high p, 1solated leptons
* 2 high p, jets
* missing E,
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Kinematic endpoints

Kinematic endpoint technique:
construct lepton/quark upper/lower endpoints
and relate them to the masses 1n the decay chain

Eg: 45 19

I—)"éie*‘“ = 0

4 unknown masses: M~ M M~ M
4 endpoints: M (I1)™, M (llq)max M (l 2g)™ M (llg)™
=» all masses can be determined

Usually non-linear relations = all masses, not just differences
Extra endpoints, or start from gluino = constraints
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Final states with dileptons (1)

M(l): very sharp end point,

Events / 2 GeV

Supersymmetry facing experiment -- Feb 09

70 £

60|
505-
30 ©
20
105-

o A

triangular shape (due to spinless slepton)

max ___

0 20 40 60 80 100 120 140 160 180 200
M(e"e)+M(u*) (GeV)

(1—

2
7

2
M“
M~
!
40 _I LI I LI l LI l [ | [_
: ete™ ,u+,u_ — c?i;ﬁ
30 .
- B i
8 [ Al i
« 20 [ il H N
g2 [ )
§ C LJ‘F - | i
°F M | | .
[ n :
0 _IHH‘ | 1'H'I ’1] il l‘r'l n |
LA e D
0 50 100 150 200
M, (GeV)
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Opposite-sign dileptons )R =4

* Also use shape information!

. . s HAX { A1
- Fit shape + endpoint: 7" =gy |1- m{ m%l
2 R
| . X5 — C°0°X3
« Data-driven background estimate:
tt and diboson background from 0 B(u)= 182426 |
eu data (BR(ee)=1/2 BR(eu)) CMS preliminary B(ee)= 111+ 21
60 SPS1a, 1 fb-" MIl_max = 78.00 + 0.49

S (uu) = 231+ 25
S (ee) = 161+ 21
Z(up)= 20.2+6.4
Z(ee)= 12.2+5.0

» Unbinned fit to data (7 parameters);so
F(m) = NyjgS(m) 4+ NygB(m) + NzZ(m) 40

Signal Model Bkgarom Zpeak

' Amy," = +1.07(stat.) £ 0.36(syst.)GeV

Amyy® = £0.75(stat.) £ 0.18(syst. )GeV

0 20 40 60 80 100 120 140 160 180
. : m (Il) [GeV]
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* M(1q):

M- 2
max ,z’w 7 R=I - i
M =M, (-~ )(1— Iy . by ._.o
0 9 Q=g X= o
lz
* M(2q): S e
M ) M’ . 1= u ~R=I
M[n:‘;x - M?i (1_ “ )(l M~ ) q O.q X = 1o
2500
=» Can distinguish M(11q)™* from M(12q)™** -
2000 |
_;g N
* M(lg): % 1500 |- _
° 3
max M,;"» M~ @ 1000 [- 3
Mllq :Ma (1_ )(1 IVE ) &
P 500 [ -
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Gluino reconstruction () it tiutetor

Choose dilepton pairs close to the edge: then ,
assuming %; can be at

— —_— . NO
J (1 -+ jMNO /jWN )p” rest in the frame of A2
A2 A o -
~ canreconstruct M, and M, - M,
o
% 70 C _:. 10 % 45 Z_ Entden 788
tries 1747 - F 4 | 82
S [ [ susy — o S sk 4 Py
— 60 : f?:if 653 ."?;: - . : -:';:::::
w L - tt Pt 0.1232E.11 0 35 C Pa O;Moﬂ
g X P2 0.1265E413 g o Fs 2.1083E.01
- S | ) : n
- Ps 4287 L
40 - Pr 4283 25 £
: P e [ susy
30 20 £ i
. 15 F
20 - s
! 10 |
101 sE o4
0 C n 0 C L - = , 9 1R iCTy
0 1000 0 100 150 200 250 300
M(3 b) (GeV) M(x3 b b) - M(:2 b) (GeV)
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Events/ 2 GeV

Final state with taus

. ~0 .
 often 4, decays to taus instead of electrons/muons

» can we use hadronic tau final states?

350 |||IIII|II|||||||||||ll|||||||||||||||l_ 70 JIIIIIIIIIIIIIIIIIIIII i AN
. - E  1ms
300 . 7 60 — P2 2371 #
v endpoint smeared put = .
250 = 0 + - 4 4
= 2 10 E_ T 7T —TT7T _;
200 - o F .
. @ 30 1[ =
- - — -
150 — 2 = 3
- W20 | H =
100 = - ]
] 10 _—+ -
50 = 0 B+ T
0 ! 3 : _10 :IIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIJ-!IIIIII:
0 25 50 75 100 125 150 175 200 0 25 50 75 100 125 150 175 200
M., (GaV) M. s (GeV)

[Biglietti et al, ATLAS]
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Decay chain to h” or ZY
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Final states with h® or ZY

LHC Point 5
500IIIIIIIIIII

Higgs peak can be reconstructed
from 2 b-jets

400

300

200

Events/4 GeV/10 fo!

—> could be a h’ discovery channel !
(even for light H° and A?)

100

o

<3IIIIIIIIIIIIIIIIIIIIIIII

100

Z° reconstructed from di-lepton decay

M,, (GeV)
Decay chain is shorter than for di- 3 h?

leptons =2 o7 A0 HO
e.g. start from gluino
M(q;h?),M(q,h°),.M(qq),.M(qqh’) v

20

to determine 4 masses

10

A

50 100 150 200 250 300 350 400
bb invariant mass (GeV)

%
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GMSB signatures

In GMSB, the light gravitino
1s the LSP

TOF measurement in the CMS muon DT’s

—> Who is NLSP? 2 25
ity Bl s:sus
2 :_ :.i:iu'.. . ) D muons
* Neutralino is NLSP U,
* Stau is NLSP ' |
:Z-:l_>z-+6 0‘5._...|...|...|...|...|.
= E™ss + vt or long-lived P (E=¥ie)
particles - dE/dx and TOF
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SUSY spin measurement

Make use of spin correlations in decay of squark:

~ 0
-4 -
M(l*q) = 47 "
~ 4+ .z o 4m’|
A A - + —_— " |
b L W F I"qand g Iy
L, o i
Xt R and /'q 4o
\, amm 2T
» i . Y "' .l
qy, X2 Iq g;*?' 1 e . ngspin
= I ----- —_— L “¢cqrrglations
: - 0 .'..‘ wkh =" 'l'n 1 Lo a1 1‘..' 1
1 9L 0 02 04 06 08 1
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SUSY spin measurements (2)

washes out for antisquarks, but
in pp colliders = more squarks produced than antisquarks

—> Visible asymmetry: 444
(500 fb-1) wt
ol a +
N K r e T
st —§ N do Y no spin
At = e where s = FTE correlations

300 400 500
m; [ GeV

100 200
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Higgs searches

Lecture 2b:

 reminder of MSSM Higgs phenomenology

* existing experimental limits on Higgs bosons
* Higgs searches at the LHC

* (ongoing Tevatron searches ...)
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Where are the masses?

Problem with the SM: all particles are massless. Introduction of
mass terms ruins the gauge invariance. Oops.

Solution proposed by Brout-Englert-Higgs:

* assume the existence of a scalar field that pervades the universe

e particles interacting with this field acquire mass — the stronger
the interaction, the larger the mass

* the particle associated with the Higgs field 1s the Higgs boson
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Argument 2 for extra “scalar”

Other — independent — argument for a new (effectively)

scalar particle:
o (W"W- — W"W-) diverges with energy!

We need something to cancel the divergence: scalar particle H
- - ) Wm
H |
I
W- - AN
s.‘l’?MEV 1 5

2 tﬂ
AWW— — wrw) M g -
': ) 22 [S M v M Mg}
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Upper bound on scalar mass

In order not to violate unitarity, in the previous formula:

:LE_H E 870 C-}Et“lrf

This argument lead to the minimum physics requirement
for a post-LEP collider:

The next accelerator must be able to produce particles
up to a mass of ~1 TeV
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1964: Higgs, Englert and Brout propose to add

a complex scalar doublet field to the Lagrangian

L= (0"¢")(0up)— 1 [¢[F =]

EWSB if u? negative!

2 2
M2 <0 W >0 —» My = %g'v (V2 'HT)

vV Vv 1

my = 5\/92 + g"%v

ey = ]

and one extra boson with

2

2
|mH =—U
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My, [GeVic?]

Higgs mass limits from theory

The triviality (upper) bound and
vacuum stability (lower) bound as
function of the cut-off scale A “triviality” :

Higgs self-coupling remains finite

o*)- 40))

T1-2(0,) /167 log(0? 10,

600

500

400 “vacuum stability” :

300 Higgs potential has a stable minumum

200

V@ NOT

100
N
0 v(p
3 5 7 9 11 13 15 17 19

logyg A [GeV]
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Experimental Higgs mass limits

Experiment
Indirect constraints from precision Direct limit from LEP2:
data:
6 Ay 2008 l='15-|>G9V :-.:-': j EI [ | | | | | | | | | I T1 | [ | | LI | 11
\‘_‘; C ]
_ JF ]
0L LEP ]
5 . — 0.02758+0.00035 ; i ]
: % % - 0.02749+0.00012 i 1
* % . 5 jﬂ E |
4 + === incl. low Q° data - 3 3
_ 3F ]
10 & —— (Dhserved -
o= - - E - : =
g ° j: Eei ;
10 E|
2] - E E
| ! 1153 -
1- - 3 T
EXC'Uded _“_.'..‘ Preliminary .Il'j |||||||||||||-|||||||| el b b
0 — ! - 100 102 104 106 108 110 112 114 116 118 120
30 100 300 MH(GFW
m,, [GeV] J
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Higgs in MSSM

In MSSM: 2 Higgs doublets needed

" to cancel the gauge anomaly (due to higgsinos)

" to give mass to both up and down type fermions

2 Higgs fields = 8 degrees of freedom g, - [H i \- H = (H; ll

- i 0
3 are used to make W* and Z° massive H“ H.)
" 70
MSSM contains 5 physical Higgs states tan p = \H, /
)
" 2 charged scalars H*
Mixture of Hy and H ¥, fixed by tanf3 MSSM Higgs bosons:
" 1 neutral CP-odd A° ) T .
h°, HY, A°, H*

Mixture of Im(H,") and Im(H_?), fixed by tanf3
= 2 neutral CP-even h’ and H’
Mixture of Re(H,") and Re(H ), with mixing angle o
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REGIEAGCEAYALE

ETH Institute for
Particle Physics

Radiative EWSB

All parameters RG evolve, however. In de-
tail, this is a complicated system of differen-
tial equations. But schematically, at 1-loop:

g _1 3
dt 1611r2g
@~ 1o vV
% - 1611r2 =M = y?4]
dZZQ N 16171’2 [92}\-12 —y2A2 y2,,“2]

where t = In(Qq/Q), and positive numerical
coefficients have been neglected.

Gauge interactions raise m2, Yukawa interac-
tions lower m?2.

Supersymmetry facing experiment -- Feb 09

Recall

L > y4AQ0; + yiA,Q;D; + yf; AL E;

Top Yukawa coupling enters RGE for H, but

not for H;. The heavy top quark drives m%u

negative.

Example RG trajectories:

4

10° 10 10° 10" 10

Q (GeV)

Squarks/sleptons (green), gauginos (blue), Higgses (red)
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Higgs mass at tree level

From scalar potential, tree level masses are:

2 2 2

m,, = %(mf, +M;)i%\/(m3 + M2) —4m> M cos” 2B

Higgs masses depend on only 2 parameters: m, and tanf
" tanf->1: m, =0, m =M ?+m,>?
" tanf—>c:m,, m,%=min,max(M,,m,)
Mass hierarchy at tree level:
= 0 <m_ <M, |cos2p| 1.2 <tan 8 < 65
" m, £m, <m/°
"= m%=M,
" mgztz My
Expect light h® =» observable at LEP2
But radiative corrections are large, especially on m,

from b/t yukawa couplings:

Supersymmetry facing experiment -- Feb 09 Filip Moortgat (ETH Zur@c:fi)



Top loop corrections: 1-loop leading log approximation
N m-m-
A(m}) = 3, ln( . \—

4 %y mf ]
" Introduces a dependence on top and stop masses
" More accurate calculation:also on stop mixing X, =A-ucotf

In MSSM, m,’ has upper bound —

" Increases with tanf3

120 —

" Increases from min X,/Mgqyv=0
To max (X/Mggy)*=0

m,, <130 GeV

[GeV]

100 —

my

(for Mgugy = 1 TeV, m=175 GeV) "

L1 TR T -
0 100 200 300 400 500

=>» Lower than preferred SM range

M, [GeV]
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MSSM Higgs sector

« MSSM contains 2 Higgs doublets, therefore 5 physical
Higgs states: h?, H°, A%, H*

L—» ~ degenerate in mass for high m,
looks like Hgy, (but my, <130 GeV)

* masses & couplings depend at tree level only on 2
parameters, say m, & tanf3: (1< tanf <60)

2 2 2
’nH, - ”z‘,‘ﬁ + ”I;V.
Al

2 _l(z 2 = [r,.2 2 \2 _ 2 2 2
Mo o =3 o + My Fo[(My, +m,)" =4m o m, cos™ 20

» radiative corrections can be important (e.g. for h? !!)
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Myices (GeY)

MSSM Higgs masses, summary

300 | | | | | | |
Maximal stop mixing
H, tan =2 i
250 — mSUSY=1 GeV B
200 — N
H-=, tan B= 20
150 — H * tan B=2 - ’/
________ Hﬁ—'~"’§,§5?ﬁ_wq__ h, tan 3= 20
100 A -
' h, tan =2
b)
o | | I | | I I | |

75
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100

125 150
m, (GeV)

175 200 225 250
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LEP Experimental limits (]) imitttetor

SM Higgs (LEP)
" My>114.4 GeV @95% CL

MSSM neutral Higgs bosons (LEP)
" M, Ma>92.9, 93.3 GeV @95% CL
" M >89.6 GeV @95% CL for BR(My — 1v) =1
" Mpx >78.6 GeV @95% CL for any BR

Electroweak fits to all high Q% measurements give:

" Mp=84"3,5 GeV
" Mp<154 GeV @ 95% CL
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ETH Institute for

Precision EW measurements @)ES=t

M, [GeV]

| 1 I 1 I 1 1 ] I I I 1 I 1 I | I 1 I ] 1 1 ] L.
80.70 [ experimental errors 90% CL: _
i LEP2/Tevatron (today) i
i Tevatron/LHC i
80.60 1~ —_  crGigaz
80.50 -

80.30
SM

MSSM

both models
80.20
Heinemeyer, Hollik, Stockinger, Weber, Weiglzin '07 ]

| S — I 11 1 1 | N I — l | I T — 111 1 ]

160 165 170 175 180 185

m, [GeV]
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M=170.9 GeV
M,,=80.398 GeV
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t t fusion
q W.Z W.Z
_ )
5 H

W, Z bremsstrahlung

WW, ZZ fusion ¢

Supersymmetry facing experiment -- Feb 09

10

10

10

3

NLO Cross sections

M. Spira et al.

T T T [ T T T I T T T I T T T I T T

T

'_ gg fusion olgp—>H+X) [pbl ;
Vs =14 TeV
- gg—H M, =178 GeV ]
_ CTEQ6M 3
N :
L i ~. 499 —>HW s
§ w\:‘\\ VB fusion §
ST 28,qq—HIt
E qqeﬁZ e .f,
L L | L L | L | L L L | L L .
200 400 600 800
M, [GeV]
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SM Higgs decay modes

BR (H)

1071

102

103

A. Djouadi. J. Kalinowski, M. Spira
T

N 1 m Higgs couples to m K
‘ \ ‘ - b quarks
T\E\ | ﬁ 1 W until WW and ZZ modes
: / | | open up (2/1 ratio)
I /v,vfzﬂ Y | W decay into yy through loops
| JE] ﬁ“l ./l \ \ | \\ | | | | [
o5 102 M, (GeV/c?) 103 : 1Z) 1Z)
vy I A .# . E
S WwW
zz v "
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ETH Institute f
Examples ) s

Low M, < 140 GeV/c? Medium 130<M ;<500 GeV/c?  High My > ~500 GeV/c?

u+

i jet
4 o y
P P P HQ > Z p

8000 [ ‘ot 2
o 25 H—-2ZZ* e ee e my = 130 GeVic - =

- I cms my= 2 2
b H— vy e - i oot 2 | H»>Z2Z — #jj
g 7000 ~ 20:— 22 +1i+ZbB 9 5
5 a s | — Signal
K} 2 8l S 4 — Bkgd
3 6000 Higgs signal T r o |
. £ S,
= £ 10~ <3
£ 5000 & Sl
g o g

5 c
W 4000 . o r

v’......Hl....l....l....l. (N} k

100 110 120 130 140 150 160 170 180 190 200 — iy

m,, (GeV/c%? 200 600 1000 1400 1800

Mjjj (Gev)

H (150 GeV) — 2070" — 4p
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ETH Institute for

Particle Physics

H->vy, My =100 GeV

—

. o vl
S AT \ 7

IS TR
_________ .. 'fr;‘\ —
————————— I L".‘.i-'ﬂ o7 By vy o S ’

N I\ L HHREDRE AN
L7 23 “] ‘:«:fé:;::::_ﬁ;::: | \ h
AS AN AR T mowmeoerond 1 P2 S O l
e ? o g i | l

| ) I D ————————|IT T[]
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ETH Institute for
\ Particle Physics

(0.B ~50.103 pb @ my, ~ 150 GeV)

¢.B can be modified by heavy undiscovered
fundamental fermions or bosons

Backgrounds are large (2pb/GeV), H natural width is small (~MeV)

= excellent mass resolution required
0. /m = 0.5 [og,/E, @ 0,/E, @ cot(6/2)A8]
= energy resolution and precise vertex localisation

Typical Cuts
2 isolated photons — p; > 25, 40 GeV with |n| < 2.5
No track or em cluster with p; > 2.5 GeV in a cone size AR = 0.3 around ys

Signal: ~ 1000’s of events
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High level trigger table

( ETH Institute for
Particle Physics

CMS HLT Summary: 2x10°° cms’!

Trigger Threshold Rate (Hz) Cuml. rate (Hz)
(GeV or GeV/c)
Inclusive electron 29 33 33
Di-electron 17 1 34
Inclusive photon 80 -} 38
Di-photon 40, 25 5 43
Inclusive muon 19 25 68
Di-muon 7 4 72
Inclusive tau-jet 86 3 75
Di-tau-jet 59 1 76
Sl el 180 * 123 5 81
1-jet OR 3-jet OR 4-jet 657,247,113 9 89
Electron * jet 19 * 45 2 90
Inclusive b-jet 237 5 95
Calibration etc 10 105
TOTAL 105
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h — yy: backgrounds

Main Backgrounds
Irreducible: qq annihilation and gg ‘box’

(] ——mmannn g Y O (}/},}
~ 60
(] —»——anannn v g N o (H - W)
Reducible: y-jet and jet-jet
g
= ~ 108
o(H —yy)

A need large y-jet separation (essentially y-n° separation) to reject jets
faking photons
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ETH Institute for
Y Particle Physics

Background rejection: Signal:
.-:?10 - BOOO
{3 K
3 : ++++ -
..E': +—'—-—-+ £ 7000
= e =
o 1F -
© n Intrinsic = 4
© I / i > G000
! =
—— =
[ i
10 F — %:anm
: ++ 5
[ e 7-jet s
4
- @ |solated y-jet o
10- ----I----I----I----In--l--nI----I-u|-I----||---I---|I---- 5 & Y I i p— .’ ***** j
100 110 120 130 140 130 110 120 130 140
m.. (GeV) al M, (GeV)

= (y-jet + jet-jet) < 40% 7YY
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Precision on c*BR # Ratios of couplings

Error on ox BR (%)

BR’s and couplings

ETH Institute for

Particle Physics

Cannot measure total Higgs cross section: no absolute meas. of partial dec. widths

w
o

N
o
[

10

Open symbols :A¥
Closed symbols : A¥

v

T T T T

O @& H-Yyy

O B ttH(H - bb)
¥ H-oWW- 1lvly

A A Ho2zZ0) 5 4

ATLAS
300 fb-"

1£=10%
/£ =5%

102

Dominated by luminosity

uncertainty

M,, (GeV/c?)

4HW

2(H,X) /
g*(HX) / g “(H,W)

A

e
)

=
T T

0.6
0.4

0.2 . -

—g(H,2)/ g'(HW
......... oX(H,1) / g°(HW)
......... g’(H.b) / g°(HW)

—g“(H,t) / g°(H,W)

—— -~ without syst. uncertainty

| ATLAS
| j L dt=300 fb "

N -
S ""\\

IIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|II[I|III

110 120 130 140 150 160 170 180 190

m, [GeV]

Precision 10-40%
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With “mild” theoretical
assumptions— couplings

0.6

0.5

0.4

0.3

0.2

0.1

- gi(H.2Z)
—gHHW)

wrhout Syst. uncertanty

2 Experiments

L dt=2"300 fb '

WBF: 2*100 fb !

110 120 130 140 150 160 170 180 190

my [GeV]
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Spin and CP of Higgs

ETH Institute for
Y Particle Physics

F(¢)= |+ cosp + B cos20
G@©) = Lsin?0 +T( +cos?0 )

T L+T
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 [_ParameterR | =.F
1f [ Parameter R} Rl # SM-Higgs
- SM-Higgs "“ [~ L
05.__ oc 0.5_—
Tk - .m pe i spin1,cP+1
L — n
o Spin1,CP+ 1 ofF
0_— —
C -0.5—
-0.5|— n
n Background B % Spin 0, CP -1
= Spin 0, CP -1 -
B | | | | L N S N PP B PP BRI B B |
200 250 300 350 400 200 250 300 ; N
m,, m,, [GeV]
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LHC reach for SM Higgs

ETH Institute for
Particle Physics

()

S
o

Statistical Significance
N
o

-
o

| Different channels |

qqH, H=WW=lv jj

qgH, H=ZZ-llvy,
H-WWHWW —llv v, NLO
H—=ZZ*ZZ — I'I'1*I", NLO
qqH, H=yy, 7't

H—yy inclusive, NLO
ttH,WH H —=bb

Total significance

cMS, 30 fb ™

* O ® « o n

X

;. N 5gat30fh'
’ 'y \_‘

§ v
C | | | | | | L1
100 200 300 400 500 8020
my(GeVic )

Supersymmetry facing experiment -- Feb 09

Signal significance

| Total sensitivity |

o [Ldt=101b"
= [Ldt=30fb"

ATLAS + CMS
{no K-factors)

30 fbl= 2-3 years

10

10°
my, (GeV)
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MSSM Higgs Couplings

Higgs couplings to fermions:

o, COSC T sino
— ® T t ® g o7 m,
£ h'tt sin B h™bb coS B
H sina cosa
* 8o <M * yoy XMy
£ sin 3 cos f

cotfp e g .- xm,tanf

e proportional to mass — 3" generation favoured

e tan 3 enhances couplings of HY/A® to down-type fermions
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Conventional MSSM A/H channels E

... so main production mechanism for AY and H?:

b _
® A°, H'bb BRI ’ b
gg® A" Hb g > A 5 hHA
b ° b

and use decay mode:

A H ® 1t A H°® pu (4°,H° ® bb)

A
Q
b |

———
A H—> 11 —> two jete + X7
m, = 500 GeV/c*

H/A— [l+/l_

X,
e
o | . .
g | | S with b-tagging
~8r tang = 30 ] z m4 = 130 GeV/e?, tand = 30
o } with b tagging ] Q .
o ] =~ mA+H signal
‘g & [ ] é # DY background
E [ ] S ® tt background °
=
4 . [
2 | B
- 1 “
- - 5
2F - =
[ | w
[ =T SSmo = = [
o

800 1000
M. (GeV/c?)

1200 120 120 140 150 160 170

my, (GeVie?)
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A/H branching ratios

ETH Institute for
Y Particle Physics

g ratio

Branchin

low tan f3

-
T

3,

4 X0 B0 TOC 810 SO0 1000

H® mass (GeV)
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high tan 3

-

g ratio

s
Ly
TT

Branchin

No stop mixing

[ tang = 40, A = 0, = —200 GeV NS

TT /’/—_—

bb

[

H° X
}\&
S8
pMd

L I L L
300 400 (S0 &4 100 =0 S 1300

H® mass {GeV)

(HDECAY)
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\ Particle Physics

Most promising channel:

b
° b ° h,H,A
H. b ALY
A/H — 9 > g
i )

b

where the taus can decay leptonically or hadronically:

V4 "V |

1. lepton + lepton

2. lepton + hadron : M, <350 GeV

3. hadron + hadron : M, > 350 GeV 3
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Tau-jet selection (D St

leading track

e remember T branching ratios: :
-t —>[v;v.:35%
-t—=m*+nna's: 50%
-t—=3n*+nna’s: 15%

signal cone

» prefer hadronic decays (for mass
rec.) but QCD background 1s huge

CMS has developed
L dedicated T trigger for this!!

look for narrow jet (L1) with leading
charged track (=) (L3)

signal vertex
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L1 jet/T algorithm (P et

NN EEEE EEEE M ]
Input from E/HCAL.: = -
Programmable 8-bit N 1 [T
nonlinear scale L] _ N __
converted to 10-bit I =TT | [ []
linear scale for I =
sums to obtain jet E_ B
I B
% | HCAL
PbWO4 .
Crystal Tttt ECAL t-veto bit formed by
< &n,A¢ = 0.348 requiring a single contiguous
AnAp=1.04 group of less than four active

towers in each 4x4 region

Jetornt ET

* 12x12 trigger tower E_ sums in 4x4 region steps with central region > others,
» central region above a programmable threshold

T algorithm
* redefine jet as 1-jet if none of the nine 4x4 region t-veto bits are on

Output

« top 4 1-jets and top 4 jets in central rapidity, and top four jets in forward rapidity
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A/H — 77 : background rejection

Main backgrounds: Main rejection techniques:
QCD jets +“—> t-jet ID, E ™S cut

(2 fake T ‘s)
W + jets +—r t-jet ID, tT-tagging (IP, vertex)

(1 real + 1 fake t)
tt 4—} central jet veto
(2real T ‘s+ 2 hard b’s) JELY
Z,v* =11 +“—r b-tagging

(2 real T ‘s)
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gA/H — TT : Mass reconstruction

Assume neutrinos are emitted in the direction of the tau (M, << E;"):

Ev,X;+Ev,X,=E, ™SS

Ev,y+Ev,y,=E, ™

V4 llv |

(M) ~ (E™'S)/sin(A¢) !

back-to-back is the worst case
for the mass reconstruction
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A/H — Tt : mass resolution

A/H — tt — jj has Gaussian

8

. ®  f _, _, | Entries 875
shape with o(tt) = 15% g 90 1s_t£2£,m_:t Vi s
. orre y
(for m, =500 GeV, low lumi) 3 & :i"” Mean £30,6-
=z 20 | Sigmo 77.80
: bbA, A= 27— 2]
—_» precision onmy: o ,=500 Gev, tdng=20
50 |
15% a0 b /60 Gev
o(m,) =—— N My < 175°
v N \ E,>P, MET 40 CeY
' : u |—| 0
with n the number of events 10 eane

. 1 I 1 R FU ML= w
ono 400 800 800 1000 1200

E.g. at SPS 1b (m,= 500 GeV, tan § = 30) : M, GeV
~ 100 events for 30 fb-!: o(m,) = 1.5% (assuming no background)
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Mass resolution for Tt channels:

0‘3_""l""|""|'"'I""I""l""l""_
vr CMS full simulation
E%o.zs} e' +u +E™ .
y v (4]

R Aq)JJ =175 '

%2Fa lepton + 7 jet + E7* ]
-]

. :N\V\M/M :

b0.15_- * * N

[ & 1

0.1f 2 T jets + E™

L b-jet, E>20 GeV :

0'05-— i FERTE RN RN RRRRE IR ] RARN A RRER

100 200 \300 400 500 &C0 700 800 900

Miggs (GEV

for lower Higgs masses, the mass
resolution improves with factor 2 by

tagging associated b-jet
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AtanB/tanf3(%)

m, known — tan 3
measurement from rates:

30
A, =2450 GeVic? Hgysy—tt—=Wjlji
25| 1 =300 GeV/c? — Hg,gy—tr—epljfjj
M, = 200 GeV/c® AL =5
20- m =1TeV/c? ABR/BR = 3%

— = SUSY
I Total uncertainty

15—

10—

CMS
30 fb’

\})
&
01llllIIlllllll[lllllllllllll‘lIlllllllllllll

© 10 200 300 400 500 f600 700 800 900
m,(GeV/c")

single b-tagging works best
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tan 0 measurement

At large tan(B), o x Br ~ tan?(), f(M,) at fixed u, M,, A,, Mg sy
NS =tan2(ﬁ)eff f(MA) L €sel

tan(ﬁ) = tan(B)mes +-A +- Asyst +- AMCgen

stat

Ayyst = 0.5 sqrt(AL? + Aoy, 2 +ABry, 2 + AG(AM,)? + Ag 2 + AB?)
Aoy, = 20 % due to NLO scale dependence

ABry, = 3 % uncertainties of SM input parameters

AL =5 % luminosity uncertainty

Ac(AM,) = 10-12 % due to mass measurement at 5o discovery limit
AB = ANg / Ng = 10 % at 5o discovery limit (preliminary)

Ag o2 = Aty o2 + Agy 2 + A /2
Agy, o = 2.0 % (preliminary)
A€, 1ag = 2.5 % (preliminary)
Ag =2.9 % (preliminary)
Supersymmetry facing experiment -- Feb 09 Filip Moortgat (ETH Zur?c(lll)
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D Window #0]
Help
lext Event

ted (JetPlusTrack))

ated (JetPlusGamma;

A->21->2) event

Et = 95.5084 GeV

at low luminosity -«

Raw ETx(y)miss =3 ETx(y)tower

20 GeV
20 GeV

Et

Phi

11.9653 GeV

51,

16




A/H — pu branching ratio only

~ 3 .10 but easy triggering and
excellent w momentum resolution

—» feasable at high tan 3
and lowm, ...

° b
g b g
h,H,A b h,H,A
g b g
b b

Exploit bbuu signature (effective
against DY background)

— need excellent b-tagging

Supersymmetry facing experiment -- Feb 09

ETH Institute for
Y Particle Physics

Chi2 / ndf =29.99 /55
p0  =51.23+£7.932
my = 130 GeV, tanp =30 | P =130.4204931
’ p2  =2.831+0.5181
p3  =10.45+0.1013

Dimuon system invariant massl_

VS+B — Y 36 p4__ =-0.04193+0.0007844

o A+H signal
@ DY background
o tt background

140 170
GeV

120 130

Transverse energy of the simulated b quark4_

200
300
700 ® tt background

so0fE:

500 EI @ A+H signal
ol b - quarks
300
200f% L
F Nt .
0 50 80 100 120 140
GeV
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A/H — up : mass resolution [P

Discovery contour curves

Reconstructed dimuon system masJ

90

80

70

60

50 Constant =74.57

Mean =150.1 20
Sigma =3.321 15

o _LIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIII

-
o
-
4]
(=]

120 130 140 150 160 170 130 200 250 300 350 400
GeV m, [GeV]

uu mass resolution of 1% :

* most precise determination of my; (and tan f3)
e fit to wu signal shape might allow I';; measurement
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Charged Higgs bosons (D et

Production:
- In tt events with t -> bH* if m, < Mg
- through gg -> tbH* if my, > My,

For my, > m,, : can use extra top in the event!
(the associated b is usually at large rapidities)

Decay channels:

-my, <m, : BR(H* 2 tv)~100%
-y, ~m

wop ad large tanf3 (>10):
H* ->tb dominates
BR(H* -> tv) sizeable ~10%

Advantage with H* -> tv, T -> hadrons+n:
Helicity correlations can be exploited

to suppress irreducible backgrounds

from tt, Wt and W+jets with W->tv

Supersymmetry facing experiment -- Feb 09

Branching ratio

Mam=1 Tev, A=0, pz=+200 GeV, M,=200 Gev, M;=800 GeV
: T Ll I T T T T T T I T T T I T T T I T

bt

1 l 1 L 1 l 1
300 1000
m, (GeV)

1 ! 1 1 L I 1 1
200 400 600
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ETH Institute for
\ Particle Physics

e reconstruct hadronic t
e reconstruct hadronic top (t—bjj)

Strategy:

Main backgrounds: tt, Wtb, W + jets
W and H* have different spin — exploit T polarization effects !!

(D.P. Roy)
v + T v + T
«— W—» H
7C+ -+ v v + nt
-« T —m» -« T —
* '«

—» harder pions from H* ...
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\

Spin correlations (D et

Harder pions from H" -> t+v than from W' -> t*v
(through t -> t"v and the longidutinal components of p and a,)

©22.5
Suppression of backgrounds = 20 pp —> tHT + X, HT > T
with genuine t’s from W->tv izs mMa = 400 CeV
with a cut in p™/E! S
52.5 /
o 10 .
Efficiency with p™/Eti¢t > (.8: < I o, al, T -> v
Signal (my;, =400 GeV) ~45% 4P
tt background ~2% - Signal
(fast simulation) o A /ﬂﬂlf2

Supersymmetry facing experiment -- Feb 09 Filip Moortgat (ETH Zur?c@i)



AH* — tv : mass reconstruction

T decays hadronically — only 1 neutrino

—3 2% mass precision possible
by fitting Jacobian peak

> 22.5

> ()
f 35 my =200 GeV § 0 W and top mass rec.
N —_ [ . B
N my = 217GeV Sirst b-tagging m,= 500 GeV,
T C _ Q [
£25: tanB_4O -Eg‘15.— tanBZQ.S
D b ~ 83 signal events X 125k tt background only
0 : - i
A / 2 ol < 3.4 events
c b 2 f for Ad(t-jet, E;™%)> 60°
G .. F o 75f

10 | &

. - 5[ ~ 7 signal events

" \
%50 100 150 200 250 300 o

(L) (GV) T
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Quasi two-body decay between the T jet and 3% P D00 cev et
Emiss in fully hadronic events > 2 25 o
almost background-free situation in m.(t-jet,E miss 7 20 , .

g T( J t ) . Aq)(—c_JeTIEfmISS)

CMS, Ad(t-jet E,miss) > 20°

W
0

,_|_|_I_‘-—--—,..¢--'_'_

o~ 30 [ 0] p= 1 = ”
[S) (o] 20 40 60 80 100 120 140 160 180
~ + + Ap (T jet,E,7**) (deg)
% pop > 1tH + X, H > TV
O 25
o m,, = 200 CeV/c?
toang = 30 = " FTT ' ! N
?\20 o %4.5 @ gb —5iH", t—> b, K —» 1 3
£ E 4 Emgb—>tH" —>Hb E
- = - = 3
S 10 25 E ;3
C Background 3 E tagmas 7 E
.O 10 E E
. . 25 F 3
32 Signal 2 .~ / ]
/L = F i - e
g s isE E
— E f 3
TN W 4 =
0l——; — asf, d Y , L=300%

b
>

100 150 200 | 250 300 300 100 500
1""71(7 lCl,::m‘%) (CCV> / my, (GeV)

Precision of my;, measurement from m+(t-jet,E miss)
with likelihood fits: Am,;,/my, ~1—-1.5%
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Discovery reach El partce rysics

a0 =
* E 1 ¢ discovery of the heavy MSSM
w HIEE v T 2 Higgses limited to upper triangle
535 THEE > 5 ' < inm, —tan 3 plot
+_,:50 z —E
o5 HEE _ * note: the /#° can always be found
20 g PMS’ o fb.—1, —E . .
maximal stop mixings e problem is that production
% =T 7 mechanism (e.g. bbA° H°) needs
10 =  tan 3 enhancement
5 .
e Frcusedpy EP T T\

100 200 300 400 300 600 700 800

m. (CeV)
Need new 1deas to cover low tanf} - high m, region ...
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