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Outline '

* The Charged Higgs Boson (H")

* H" channels investigated for CMS and/or ATLAS
(in detail: publications from 2006/07)

— H" from top quark decays
— H" from gg- and gb-fusion

- “exotic’” channels

* Discovery reach
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The Charged Higgs Boson '

Two Higgs Doublet Model (THDM): 5 Higgs Bosons A°, h’, H’, H*.
- Simple Extension to SM
- required Higgs Sector of MSSM
- possible 1n other SUSY models (fermiophobic models, ...)

or: H" from triplets; several doublets/triplets; Little Higgs; ...

Charged Higgs searches currently focus on generic THDM (producing

cross section limits) and MSSM scenarios
(unless stated otherwise, the following plots/numbers refer to the m -max MSSM scenario)

- MSSM Higgs sector: at tree-level 2 free parameters, e.g.:
m.. and tan [3 (Ratio of the Higgs doublet vacuum expectation values)

* The Charged Higgs Boson (H") is a heavy” charged colorless scalar
— Production Modes (LHC): t—-Hb  gg—tbH" gb—tH"
— Decay Modes: H—tb H'—1tv H™—cs

Ye.g. m -max MSSM, all tan B: m_, > 80 GeV [1]
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Overview: m, <m_

* Production: top quark decays, via
ttbar—bW bH"

* BR(t — bH") depends on
m, " and tan 3
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e BR(H*—1V)=1

— Main channels of interest:
H' Decay W Decay
tv, T—had qq
tv, T—had lv
v, T—lep qq

Branching Ratio (H¥)

I[3]
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tt—HbWb, H'>1, v, Woiv (1) [§€

CMS NOTE 2006/056, Baarmand/Hashemi/Nikitenko

>./

Exploited difference signal/ttbar:
-m,, >m,:p.5, E™ larger
- Spin: H'—0, W—1

b— jet

Signature:
- lepton

- tau-jet Event Selection:
- 2 b-jets - a triggered lepton
-missing Er /- Main Backgrounds: -2 3 Jets with E>40 GeV

- ttbar with one t—blv - =1 of them b-tagged
- WH3 jets with W—lv - Q()+Q(t)=0
- a T-jet with E >40 GeV

and p™/E*> (.8
- Missing E. >70 GeV
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tt—HDWD, H'>T, v, Woiv 2) (€

CMS NOTE 2006/056, Baarmand/Hashemi/Nikitenko

Excluded by Le
m_ =140 GeV 10700 "

. Excluded by Tevatron

mH+_1 50 GeV 5060 I 5c_contour (Full simulation and reconstruction)
with systematic uncertainties

mH+=160 GeV 1830

5a contour (Full simulation and reconstruction)
, without systematic uncertainties

tt—Ivy bb 2.6x10°
tt—/vIVbb 4.0x10*

tt—Ivqqbb 2.5x10°
W3 jets, W—Iv 8.4x10°

CMS, 30 fb™

Main Systematics Sources:
. 0
- ttbar cross section 150 200 250 300 350 400 450 500 550

11 IIIIIIIIIIIIIIIIIIIIIIIIrIIII'III[IlIII'r_

m,, (GeV/c?)
Discovery Sensitivity:
- tan p>50: up to almost m,__

- luminosity measurement

- T-tagging (efficiency/rejection)
- b-tagging (efficiency/rejection)
- jet energy scale - all tan [3: for m, <130 GeV
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tt—H'DWb, H'—T, v, W—qq (1) "'
ATL-PHYS-2003-038, Biscarat/Dosil

v Exploited difference signal/ttbar:
;o HT B -y, > Myl Py E ™ larger
) gt - Spin: H'—0, W—1

T — jet

Signature:

- tau-jet Event Selection:
- missing E. | - tau+MET or jet+MET trigger

-2 b-jets - =T-jet, p.*> 25 GeV
- hadronic W/top - =2 b-jets, p,*' >35 GeV, p,»*>20 GeV
- 22 light jets, p,)'>30 GeV, p »*>20 GeV
- Missing E_> 45 GeV
- W/top Reco (20/40 GeV mass window)
- ttbar pattern (angle/p.. relations of tops)
Main Backgrounds: - Veto on isolated leptons

- ttbar je - p,.*/ p;°> 0.8 (H" side)

- QCD - H" Transverse Mass

b— jet
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H™ Transverse Mass E

(m,, =127 GeV, tan $=30)
i SM it

MSSM H” signal
m,,+=127.0 GeV
tanf=30

NS
%ﬁ.\“

75 B

[ o X =]
T T T T T T

After all selection
cuts (tan 3=30): ol

Events/10fb™ o L

50

X

incl. systematics
Standard \/[TH+>80 GGV MT (GEV) 50 1:)0 150 2c|)0 ' 25|0 ' 3(I)0 'ysgo ' 4(|)0 ' 4;0 500
P™>30 GeV M, (GeV)

m, = 85GeV . 5100 : Discovery Sensitivity (30fb™):

150 200 20 L.,

cuts

m, =127 GeV 4200 2000
m_ =140 GeV 2900 1700

H+

m, =160 GeV 410 240 N.B.: This is Fast Simulation!
ttbar 2300 350 ... an ATLAS study using a more
QCD 20 0 realistic simulation is on the way.

- all tan P3: up to almost m
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Overview: m, . >m_

* Production: gg/gb-fusion
go—tbH", gb—tH"

(—double-counting term, resolved
by MC Generator “Matchig”)

* BR(H" — tb) = 0.8-1
— Main channels of interest:

H' Decay W Decay
v, T—had qq

tb Iv & qq (2 Ws)

For each channel, only the most recent CMS or ATLAS study
1s presented in detail; reference to the study of the other
experiment is given in [brackets], differences to the presented
publication are briefly discussed and results are given
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sg/sh—tH*[b], H*—tb (1) 'l'

CMS NOTE 2006/109, Lowette/D'Hondt/Vanlaer
[SN-ATLAS-2004-042, Assamagan/Gollub]

Exploited difference signal/ttbar+X:
- m,,, invariant mass

- up to 4 b-jets

b— jet
b— jet Event Selection, for 3 (4) b-tag-analysis:
Signature: 1 - amuon, p,*>20 GeV
- 3-4 b-jets - at least 5 (6) jets, p,*>25 GeV

- lepton - at least 3 (4) b-tags
-2 W, 2top - kinematic fit imposing mass constraints
for both Ws and both top quarks
- LH to suppress combinatorial background
b— jet ? jet -3 b-tags: LH to suppress ttbar+X using
Main Backgrounds: a) pT: so.ftést jet from W, b+) x> of F6lle fit,
_ ttbar+b, ttbar-+bbar o ¢) discriminator: b from H", d) EJ/E
- ttbar+jet(s) ‘ 4 b: b-discriminator.: b from H', spectator-b
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oo/ob—tH"|b], H' —tb (2)

CMS NOTE 2006/109, Lowette/D'Hondt/Vanlaer
[SN- ATLAS 2004 042 Assamagan/Gollub]

ca. 1005+ Bames 4 e 100
g 9 1§ 90

; | %0

MSSM 70
Discovery °° | e

Contour >0
3 b- tags— 40

mewemen 3% systematic uncertainty = 30

CMS
4 b-tags

w19 systematic uncertainty | 20 mwww 1% systematic uncertainty

mmmmm 0% systematic uncertainty | 3 10

= 0% systematic uncertainty M

- : A
6o v b b by by g 1y | Ll Ll ' Ll ]
250 300 350 400 450 500 0= 250 300 350 400 450 500 (GeV)
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Conclusion: Even assuming very low g
60F

systematic background uncertainties: :
No sensitivity in the MSSM space. 0

imi ' 0 P —
(Similar conclusions for ATLAS from M: I Y

---------- 5% background uncertainty

a fast simulation-based study) o

%

A
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gg/gb—tH'[b], H'-T Vv, W—qq (1)

ATL-PHYS-PUB-2007-006, Mohn/Flechl/Alwall
[CMS NOTE 2006/100, Kinnunen, see slide 19]
T — jet
Exploited difference signal/ttbar:
- m,,, Invariant mass

Signature:
- hard tau-jet
- large missing E_

- => hard 1-jet, high missing E_

- hadronic W, top Event Selection: . .
- 1-2 bjets (mass range: low/medium/high)

- one hard t-jet (p,*>65/80/100 GeV)
- E™s>120/135/165 GeV
_ - -=>3 more jets (=1 b-tagged)
Main Backgrz()) l:niisf JE€t - Veto on isolated leptons |
- W/top-Reco (25 GeV-mass window)

- ttbar - p,/ p, 2> 6.0/5.5/5.0
- WHjets get : T 14 mis
_QCD - azimuthal angle (p.*, p,™*)¥
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gg/gb—tH'[b], H'->T Vv, W—(qq (2)

ATL-PHYS-PUB-2007-006, Mohn/Flechl/Alwall
[CMS NOTE 2006/100, Kinnunen]| . sr——rrrrrrrrrrrm

ﬁg + +

o 499 — tbH , H — v,
; CMS, 30 fb™
g
uy

Event Generator MATCHIG CMS: Fullsim
allows for the 1% time a matched ~ Backgrounds O oo oo amuion
) , St w/ systematic
production gg/gb and thus a Trigger Simulation, *
consistent treatment of the no MATCHIG, 20 - 3
transition region m = m, some difference in * CMS | oo cevic, u, - 200 covier 3
cuts - see slide 19 ™ 30 flort 7TV e TV

Excluded by LEP

After all selection o w (Egev/cf)oo
cuts (tan B=35): 50
° 40
Events/30fb"" Discovery Channel for o
o

Signal Bkg a heavy H+ at the LHC 20  —

m_=175GeV 37 54 ég{ 30/100 fb™ :
my,= 300 GeV] 11 1.1 w/o systematics :
i e || Backgrounds:
High S/B ratio makes the channel less || Fast Simulation 7

sensitive to systematics than H*—tb TR L T R T R
y my. [GeV] MH+ (GeV)

Full simulation with
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More H™ channels...

S0 |

| ATLAS, 100 fo*

+ tay 0 20 |
=% o
CMS-NOTE-2003-004, SN-ATLAS-2005-050 - /

c20 [H
=] :

sensitive at the uncovered region tan f~4-20 &
(of course heavily dependend on the SUSY

scenar1o, and a previous understanding of 7 /
the SUSY background and parameters) U, " S

5 m_=210GeV,m =800GeV,m =1TeV
H*—>Wh', H"—>WH" s W
ATL-PHYS-99-025, ATL-PHYS-PUB-2005-017 e o, m<@eV>

- significant cross section only for very ) o |

small tan 3.
- current studies show that even with known

m_ and high luminosity, no discovery

reach 1s given

RARAARLL

{0,

1

™ cMs, 100 b

NI T gy

gb — tH',

e ot ol |
H — X2 %1254 — 31+Nj

TR
7
|
-

Branching ratio

* H" sensitivity in ttbar and
single top cross section measurements
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Discovery Reach

CMS and ATLAS Discovery Contours: MSSM, m -max scenario

0 1+ CMS ATLAS
: CMS, 30 fb 30 fb! 300 fb’!

| pp — tbHE, H — v, with | without |

| m =175 GeVic® systematics systematics
: Fullsim Fastsim

m'aX scenario

Mo, = 1 TeVic®
M, = 200 GeVic®

1 = 200 GeVic’
= 800 GeV/c?

gluino

Stop mix: X, = 2 Mg,cy

> TV

ATLAS
SLdt = 300 fo™

Maximal mixing

LEP 2000

N
S BTN BT ST S AT SR

100 200 800 400 500 55)0 150 100 150 200 250 300 350 400 450 500
M, . GeV/c

m, (GeV)

t — Wb — jjb
t—Wb—Ivb

note: for heavy H*—1tv, for consistency, the plot contains results from an

N.B.: The currently ATLFAST study [10] and not the recent fullsim study presented here
approved discovery
contours cannot be
compared.

ATLAS update expected (in worst case at high luminosity)
for end of this year. m,, >m_: sensitive only for high tan [3

The current studies suggest:
m,, <~m_: will be covered at the LHC
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Conclusions and Outlook '

* Implications of current studies:

- H*—71V 1s the prime LHC H" discovery channel in the MSSM space
(and could be the first BSM-signal and SUSY-glimpse we see)

- H*—tb does not have any MSSM discovery sensitivity

- light m_: the LHC experiments are sensitive to an

MSSM H" up to m,,, values close to m,

- heavy H": high luminosity runs are needed. The medium tan 3
region 1s not covered (might be accessible after a SUSY discovery)

* The future:
- refine studies, understand systematics, identify control samples /

sidebands, improve tools (b/t-tagging, ...)

- first studies on H*—1TVv with T—/MVV are arriving

- all presented channels+some more: currently investigated with
Full Simulation for ATLAS, too => results end of this year

- data!!!
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Backup Shides

The m -max scenario of the MSSM:;
M, =200 GeV u=200 GeV X, . =2TeV
M =1 TeV Mo 800 GeV

SUSY
m,,, and tan [ are free parameters

L1y

!

Branching Ratio (H™)
[ IIIIII|
Branching Ratio (H¥)

M

N . W'nh
Ay + rd "‘_._\
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300 500 700 1000 200 300 500 700 1000
my+ (GeV) my+ (GeV)
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Differences between '
ATLAS and CMS Studies (1)

oso/sb—tH"[b], H'—tb
In SN-ATLAS-2004-042, as compared to CMS NOTE 2006/109:

based on Fast Simulation

no pile-up
mass range m,, = 200-800 GeV investigated

only investigates gg—tbH"
looks at muon and electron decays of one of the Ws

Likelihood to decrease combinatorial background, but no kinematic fit to
the particle four-momenta
uses reconstructed angles, momenta and invariant mass

different variables for background suppression:
m cos(b,,b,) cos(b, +b) cos(b,b,) cos(t"",H")

b0b2
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Differences between '
ATLAS and CMS Studies (2)

gg/gb—tH'[b], H'—>T, Vv, W—qq
In CMS NOTE 2006/100, as compared to ATL-PHYS-PUB-2007-006:

Full Simulation used for backgrounds

only gg—tH"b simulated (scaled to gg/gb—tH"[b] cross section)
Simulation includes pile-up for low luminosity runs

Poisson significance estimator used

same optimisation for whole mass range (m,, = 170-600 GeV)

cut on p (leading track) / E (t-jet) > 0.8 (exploit t helicity correlations)

Veto on additional central jets [instead of cut on p. (additional jet)/p. (t-jet)]

no cut on the pseudorapidity of the t-jet
trigger simulation applied

differences in t-jet/b-jet/lepton reconstruction and tagging
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