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LHC, ATLAS and CMS

e The LHC is running! C\' ,__ ——
WATLAS e
o= e
A EXPERIMENT M, = 53 GeV
e At 7 TeV, with increasing luminosity

Date: 2010-04-01 00:31:22 CEST

Experiments taking data

W-uv candidate in
7 TeV collisions

High - Energy Collisions at 7 TeV
LHC @ CERN
30.03.2010
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LHC, ATLAS and CMS

e Good, hermetic calorimetry

M1SSs

e [L7"°° measurement, jet reconstruction up to |n| < 4.9

e Powerful Particle Identification

e - 97% Muon efficiency, cleanest identification
~ 80% Electron efficiency with jet rejection of 10°
~ 80% Photon efficiency with jet rejection of 103
~ 60% b-tagging efficiency with light jet rejection of 102
~ 50% hadronic T efficiency with jet rejection of 102

e Excellent Electron, Photon and Muon energy / Pt resolution
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MSSM Higgs sector

e Two Higgs doublets, five physical states e Masses
250 —

| maximal mixin
e three neutral: h, A and H [ = —200 GeV :

Mgysy = 1 TeV

[AV]
o
o

e two charged: H*

e Two parameters at tree level

Higgs Mass (GeV)
o
(@)

e Mass of the CP-odd boson: ma

e Ratio of the v.e.v.s: tan

e | arge loop corrections e Couplings (for large tan B)
e mh < mz becomes mn = 130 GeV e W /Z suppressed, absent for A

¢ Fixed in benchmark scenarios ¢ Enhanced with respect to SM for 3rd
(Mh-max used in most of the results) generation and down type fermions

Carena, Heinemeyer, Wagner, Weiglein
Eur. Phys. J. C26 (2003) pp. 601-7 e his SM-like for large ma
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Neutral Higgs bosons: production and decays

e Production (¢ = h, H, A)
Gluon fusion b-quark associated productlon dommant at Iarge tan B

ﬁ BT M

e Decay modes (typical values for the interesting regions of the parameter space)

e bb with BR ~ 90% Overwhelmed by QCD backgrounds
e T+T with BR ~10% Possibilities in leptonic and hadronic final states
e p+p- with BR ~ 0.03% Clean signature, excellent mass resolution, low yield
e SUSY particles if allowed Depends strongly on additional parameters
e Mass degeneracy
e Of at least two of them in most of parameter space

e Handled by summing cross sections for searches
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Neutral Higgs searches: h/H/A — u™ ™

e Motivation

¢ Clean signal with excellent mass resolution (3% against 20% for TT)

ATLAS / CMS

e Potential to distinguish between h, H and A and provide measurement of tan B (from width)

e Sensitivity for both gluon fusion (ATLAS) and b-associated production (ATLAS / CMS)

e Drawback: small BR (enhanced for high tan B)

é 900F :
° Backg rounds 0 800} Mean 199.6+4e-03 -

- Sigma 6.3 £4.8e-03 1
700F E

. . 600f =

e Dominant: Drell-Yan Z ( + jets) ool bbA —> i -
- m, = 200 GeV -

400k tan(B) =30 |

o tt — bbuTu v 300}

200F
L
e WW /ZZ very small -

b 1 T N B
900 150 200 250 300 350 400
m,.,- (GeV)
+_ - &, F
e ,e U

e Can be estimated from data using ,u+,u_, e

Arbitrary Units

‘ T T T T ‘ T T T T ‘ T T T T
. HeTo (130 GeV) -
—— Gaussian fit e

w=119.4GeV ~
0 =24.6 GeV

L1 1 ‘ 1 1 1 1 1 1 1 ‘ 1 1 1 1 ‘ 3
100 150 200 250 300
m,, [GeV]
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Neutral Higgs searches: h/H/A — u™ ™

e Event selection I B 'Afl_;q's'_i ATLAS / CMS

—e— DDA, m, = 200 GeV
Z+light jets
Z+ b jets

e Trigger on single-mu or di-muons
(> 90% efficiency)

e High-Pt isolated muon(s) (20 GeV)

e Background reduction

o Cuts on E7*5% jet activity and angle between LA e E
muons to reject tt and WW

100 50T 500
E™* (GeV) L = 30 fb'

LI I 1 T T I T IDIbeA IIIIII I
105 a) Z+l jets ATLAS

_ E ww
m,=150 GeV T

e B-tagging requirements

T T T I T T T T T T T T I_
O3 boa ATLAS ]
Z+l jets E

e ATLAS: two independent optimizations

Entries / (4 GeV)
Entries / (4 GeV)

e (0 b-jet, dominated by Z + jets ~150 GeV

| . . | | __'_':F. '-,:'-;,..:'.-_,_.." c -:::__"._. j mA=200 GeV )
e >1 b-jets, with important contribution from tt orlodd Al m, 300 GeV. :

E H _'_:: '--...._._:-" N ':-
e CMS: ’

. . . 150 200 250 300 350 150 200 250 300 350
e Two different strategies to increase

m,, (GeV) my, (GeV)
efficiency for high and low-Pt b-jets 0 b-tagged jet > 1 b-tagged jets
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Neutral Higgs searches: h/H/A — u™ ™

| ATLAS / CMS

e Discovery potential e Experimental (5-12%

e | ow to intermediate masses for tan f > 20 e Muon reconstruction efficiency,
momentum scale and resolution

e Sensitivity to tan B from myu peak width
¢ Jet energy scale and resolution

e Systematic uncertainties
e b-tagging efficiency and fake rate

* Theoretical (~ 17%) tan B measurement

Discovery contour for tan B = 30, 40, 50

LI LI B B B A K
.

- 50 discovery contour
N — scenario

- My g
L=10fb™" %

-1
CMS, 30 fb S, 30 fb

Mgysy = 1 TeV/c?

tanp for 5o discovery

i = 200 GeV/c?

Combined Analysis m¥x scenario

§ =1 TeVic
=200 GeV/c?
200 GeV/c’
uino = 800 GeVic® ]
x: X, = 2 Mgyey |

Without Systematics M, = 200 GeV/c?

With Experimental Systematics X, = \6 Mgysy

III|IIII|IIII|IIII|IIII_|_

Theoretical Uncertainty

IIII|IIII|IIII|IIII|IIII]-

O \\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\ IIIIIII|||||||||||||||||||| ) |
50 100 150 200 250 300 350 400 450 ] 1 5 5 vy
m, (GeV) 00 >0 %0 0 800 530 Gevich? 200 220 240,

M, (GeV/c")

(dashed line: no systematics)
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Neutral Higgs searches: (bb) h/H/A — 77

e Final states (tau decay products) e Tau identification
e |eptons, leptons (ATLAS / CMS) e Hadronic:
e Leptons, hadrons (CMS, ATLAS to appear) e 1 or 3 tracks, Pilﬁ“dmg = 10,20 GeV
e Hadrons, hadrons (CMS) e |[solation in tracker
e Backgrounds e 50% efficiency with jet rejection > 100
o 7 — 11, tt, W + jets e |eptonic:
e QCD multi-jets in hadronic case e High-Pt isolated lepton
o / — e+e_/,u+,u_+ jets for leptonic decay ®* M+t Using collinear approximation
e Systematic uncertainties e Background reduction
e tau fake rates e One or more b-tagged jets
e Jet energy scale / resolution and E&fnss e Jet activity (tt, W + jets), di-lepton mass (2)

miSS)

e b-tagging efficiency and purity e CMS: lepton impact parameter, mT(ﬁ, Er
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Neutral Higgs searches: (bb) h/H/A — 717 — 2{4v

e Motivation

e | eptons to trigger on

e | ower backgrounds

e / + jets and tt mainly

e Event selection

e ATLAS: Cut on di-lepton mass against

Z —ete [utuT
e CMS: Displaced lepton impact parameters

e Jet veto against tt

e One or more b-tagged jets
(analysis with no b-tagging for early data)

Cross Section (fb / 15 GeV)

= = DD N W W b
OO ©O o0 O o1 O 01 O

™
B H—-t
[
CJZ—upu
[]Z—ee
ttbar 3
B W+jets I

ATLAS (2¢) / CMS (ep)

m,=130 GeV -
tanp=20
ATLAS

Events/25 GeV/c? for 30 fb™

OOIIII TTT T[T T T T[T T T T[T T T T[T T T T[T T TT[TTTTI[TTIT

m,-max scenario ]
m, = 200 GeV/c? ]

m,. (GeV/c?)
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Neutral Higgs searches: (bb) h/H/A — 11 — 204v

e Discovery potential e Systematic uncertainties

e Best at low masses e 7 71T shape and normalization

from data (modified Z — pu*pu™)
e Decreases quickly with mass
e ttyields
e High tan B needed
¢ Jet energy scale and resolution

|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII-I—

e b-tagging efficiency

III|IIII|IIII|IIII|IIII'O!IIIIl
g

- ATLAS \s=14TeV, 305"
- bb hHIA—>tt—> 21 +4v 7

CMS, 30 fb"
H/A—tt—eu+X

u =200 GeV/C%, M_= 200 GeV/c*| - .
2 - L 5 o Discovery

A, =2TeV/c], M =1TeV/ic? ]
SUSY

Full simulation, with
systematic uncertainties

\ Full simulation

Fast simulation

m@* scenario

Exp. Systematics only
+10% o(tt) Uncertainty

T T

Theoretical Uncertainty
| | Ll Il

100 150 200 250 300 350 400 450 500 15|02602é0300350 460450
m (GeV/c?) m, / GeV
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Neutral Higgs searches: (bb) h/H/A — 77 — (e/u) had

Motivation CMS

[ Background

@l Signal+Bkg. for tan(p)=20,
m, =200 GeV/c?

[JSignal+Bkg. for tan(p)=30,
m,=500 GeV/c?

800 1000

Systematic uncertainties m, . [GeV/c?]

e Good BR and lepton for trigger

Backgrounds

Events for 20 b 20 [GeV/c?]

e tt, single top, Z + jets, W + jets, QCD

o HH‘\H\‘HH‘HH‘HH‘HH‘HH'H_\

e pb-tagging, jet energy scale, lepton ID

40: H/A—-tt—e+t-jet + X

m, = 200 GeV/c?

Discovery potential 30l tanf = 20
- al

2 2
X,=2TeVic’, MSUSV =1TeV/c

20 i 1t = 200 GeV/C?, M, = 200 GeVv/c’

e Low to intermediate masses at relatively low tan

Events/25 GeV/c? for 30 fb™

10: ' | Ziy*—ee

e (Challenging for high masses

i _jBackéfll o -
% 100 200 300 400 500 600 700 800
m,. (GeV/c?)
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Neutral Higgs searches: (bb) h/H/A — 77 — (e/u) had

Motivation CMS

.......... TR RN SR RS N S S

~ Discovery area

-

............ for 30f0” o T

e Good BR and lepton for trigger

Backgrounds o
mg,sy = 1000 GeV/c?
X' =2449 GeV/c?

=200 GeV/c?

e tt, single top, Z + jets, W + jets, QCD an = 200 GeV/c?

i’llIIilIIIiIIIIiIIIIiIIIIIIIIIIIIIIIIIII-

200 250 300 350 400 450 500 550 600

Systematic uncertainties m, [GeV/c’]

ﬁﬂlIIIIIIIIIIIIII;IIIIIIIIIIIIIIIIII—

L T S e T

é H/A —11— electron + 1 jet + X

- _ 2 _ 2
: A =2TeV/c’, MSUSY =1TeV/c

K =200 GeV/c? M, = 200 GeV/c?

e pb-tagging, jet energy scale, lepton ID

m,,, = 175 GeV/c?

Discovery potential
CMS, 30 fb™

Full simulation, with
syst. uncertainties

e |Low to intermediate masses at relatively low tan

e e \,} W% e e {:Ftib e S e F "o e e cT‘iT‘ﬂi}H:YE‘fm o)

Full simulation

e Challenging for high masses B ]

200 300 400 500 600 700 800

m, (GeV/c?)
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Neutral Higgs searches: (bb) h/H/A — 77 — had had

N

5 | | | (&MS Note 2006/1‘26) N C I\/l S

e Motivation: - CMS, 60fb™". L=2x 10%%cm2s"

—
N
T T

mf., scenario
M,=500 GeV/c”
tanp=30

Nev / 40 GeV/c?
=

e High BR (bb not feasible)

—signal |-
..QcD |1

e Sensitivity for high masses .y

e Main background: QCD multi-jets

0 200 400 600 I-éOO 1000 1200 1400

e Estimated from data using same sign
“.tau!S”

e Systematic uncertainties A oS, 30 t°
- j" ;: / pPp— bbq)’ o= thsA:

max scenario

_ 2
Msusv =1 TeV/c

e Jet energy scale / resolution - o M, = 200 GeV/c?

u =200 GeV/c®

m_ =800 GeV/c?
gluino

¢ — ‘Uc —e+jet Stop mix: X, =2 M
L I \\\\\\\\ ‘ | ‘ | ‘ | ‘ \\\\\\\\

e T fake rate from tracker misalignment 00 200 300 400 500 v é%ov/fzoo
A5
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Neutral Higgs searches: H/A — x5x5 — 4¢ + E7*ss

CMS PTDR
T | T T T | T T T

Scenal’iOSZ Significance

30 fb™
tanp =10

e MSSM / mSugra points favoring decays to leptons

m, , (GeV/c’)

Backgrounds: tt, ZZ, Zbb, SUSY

60 80 100

2
Event selection: m, (GeV/c)

* 4-leptons with opposite signs and flavors

mMiss

e Upper and lower bounds on E-

e Cuts on di-lepton mass and jet multiplicity

(including H+)

Systematic uncertainties

ATLAS

Preliminary
ATL-PHYS-PUB-2009-079

‘ IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
Strongly model dependent 950 400 450 500 550 600 650 700 750 800 850

m, GeV

e Small from experimental side

l
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Charged Higgs boson: production and decays

40GeV/c?
50GeV/c?

e Light charged Higgs (mH+ < mt) < | 60Gev/c,

e Produced mainly through top decay
e Decays mostly to Tv

e Heavy charged Higgs (m L >m )
H t

e Produced mainly by gb or gg

—

T T IIIIIII

g ratio

e Decays mostly to tb (or TV)

H* branchin
o

—h
<
N

e Backgrounds

e tt, W + jets, single top, QCD

I 1 1
400

! |300| L1

H* mass (GeV)
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Light charged Higgs boson searches (myg+ < my)

Final states:
e T — hadrons, W — qq (ATLAS) — High yields

e T—>4v,W — qq (ATLAS) — Isolated lepton from T

e T —hadrons, W = £ v (ATLAS / CMS) — Isolated lepton from W

tt estimation from uvbuvb
Backgrounds

L NN B A B
—*— Real tt— btv bjj

—e— Scaled tt— btv bjj

e tt, W + jets, QCD, single top

Common features

t

e Presence of tau, large E%l”ss, b and light jets

e ATLAS: H* transverse mass reconstruction

+
——

ATLAS e

i
T | | T e

50 100 150 200 250 300 350 400
Top Transverse Momentum [GeV]

Systematic uncertainties

e tt cross section, estimated from data (ATLAS)

fllllllll*lllllllllllm

e b/ T-tagging efficiencies and fake rates

OO

e Jet energy scale
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Light charged Higgs boson searches (myg+ < my)

N \\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
. CMS, 30 fb™ tbH", H* v

e T — hadrons, W — qq (ATLAS) g = 175 GeVIEt
L t —
. F[— 1 =-1000 GeV/c?

e Trigger on tau + Ef**° ( + jets) b 200 Govies
| —— 1t = 1000 Gevi/c?

* T-jet, 2 b-tagged jets, at least 2 more

e \/eto on isolated lepton, tt reduced with likelihood - -
discriminant - T seeraie

Mysy = 1 TeV/c?

(arXiv:0804.1228v1)

M, = 200 GeV/c®
Mo = 0.8 M,

e T —lv, W— qqg (ATLAS) - o Kramg ™ |7
Covon b b b by b P P g Py 107

. 100 110 120 130 140 150 160 170 1280

e Trigger on lepton + Eiss M,..GeV/c

50 discovery sensitivity

¢ |solated lepton, at least 4 jets, 2 b-tagged, IargeEjmiSS

e Hadronic W and top mass reconstruction

200 GeV

e T —hadrons, W —=Iv (ATLAS / CMS)

miss ATLAS)
T ETY

e Atleast 3 jets, 1 b and 1 T-tagged (or more ATLAS) I 10 b
Scenario B ATLAS 117" ]

e Trigger on lepton (+

T — hadrons, W — qq

Mh-max, |4

120 130 140 150 160 170

e |arge Fmiss isolated lepton
T mH+ [GeV]
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Heavy charged Higgs boson searches (mpg+ > my)

e Final states (gg — tbH " and gb — tH™) e _AS / CMS

gg — tbH, t - qqb

w
(=}

N
62}

H" - 1w, 17— hadrons +v,

e H" — 7v (W — qq, 7 — hadrons)

m,; = 170 GeV/c?

- signal

N
(=}

—_
[¢)]

Events / 30 GeV/c? for 30 fb

|

e Similar to light charged Higgs analysis

-
o

e CMS: Requires hard tau and jets

100 150 200 250 300 350
my(t jet, ET'*°) (GeV/c?)

m,. =200 GeV i
—@— Signal + Background :
e
B i o5 (acp)
R E)

m,. = 250 GeV

—@— Signal + Background
Bl ets

I i o5 (acp)

0 05 (EW)

e ATLAS: Likelihood discriminant based on tau, jets and
E,JTI}’LSS

e HT — tb (W — ggand the other W — (v)

Cross Section [fb / 50 GeV]
Cross Section [fb / 50 GeV]

100 200 300 400 500 600 700 800

e 50r6 jets, 3 or 4 b-tagged

m,. =400 GeV ]
—@— Signal + Background 7
- jets ]
I 7 b5 (QCD)
0 1 b6 (Ew)

m,. = 600 GeV ]
—@— Signal + Background _]
i jets ]
I i 5 (QcD)
0 15 b5 (EIW)

e Constraints on W and t mass

Cross Section [fb / 100 GeV]
Cross Section [fb / 100 GeV]

e Difficulties from combinatorics, likelihood used (ATLAS) ° e 7057200/300 400 500'600 700 800 S0 160
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Heavy charged Higgs boson searches (my+ > my)

e Final states (gg — tbH " and gb — tH ™)

e H" — 7v (W — qq, 7 — hadrons)
e Similar to light charged Higgs analysis
e CMS: Requires hard tau and jets
e ATLAS: Likelihood discriminant based on tau, jets and

-ZZZ§£LZé§S

e HT — tb (W — ggand the other W — (v)

e 50r6 jets, 3 or 4 b-tagged

e Constraints on W and t mass

e Difficulties from combinatorics, likelihood used (ATLAS)

: Scenario B ATLAS

ATLAS / CMS

50 discovery sensitivity

E
B 10 b
W

200 250 300 350 400 450 500 550 600
m, . [GeV]
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Charged Higgs boson expected discovery potential

CMS, L =30 fb-! (arXiv:0804.1228v1) mn-max, i = 200 GeV, Ay effects included
(black lines include Ay effects)

T T | T EEI T | T T T | T T T | I:'I gl | L
= J >

50 discovery sensitivity

- CDF Run i
. Excluded
- 95% CL

I
>
x>
2
‘>
II~>
S
S
S
5
~J
.
S
B
QY
* >
¢
g
g
Ry
ay
AR
AR
RN
R
Qe
R
/\\‘o

*
o

* Ry
e
At

i =-1000 GeV/c?

i = -200 GeV/c?

i =200 GeV/c?
— 1 = 1000 GeV/c?

mp'?* scenario

Mg g, = 1 TeV/E?

M, = 200 GeV/c?

mgluino =0.8 Msusy

X, =2 M |
1 | Ti“l 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 I%I ATLAS__
100 200 300 400 500 600 90 110 130 150 170 200 250 400 600

My GeV/c? m . [GeV]

R
B 10"

-1
Scenario B -1 fb

e Good sensitivity at low masses and/or high tan B, dominated by H™ — rv
e Difficult in intermediate tan

e Decays to SUSY particles might be an alternative
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Conclusions

e Good discovery potential for MSSM Higgs at LHC
e At least one Higgs boson will be found if present
e Large regions of parameter space can be covered, some need high statistics
e Neutral Higgs boson
e Sensitivity dominated by h/H /A — 777, coverage up to ma ~ 800 GeV
e h/H/A — ,u+,u_ helps at low masses and gives narrow peak
e Charged Higgs boson

e Good sensitivity at low masses and high tan B with HY = 1v
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MSSM scenarios studied

Neutral Higgs to SUSY particles, MSSM

Neutral Higgs to SUSY particles, mSUGRA (ATLAS)

mO m1/2 AO

Point tan

Msl, Mstau

(GeV/c2)

(GeV/c2)

(GeV/c2)

Set

CMS A

60

175

0

10

M1 (GeV)

(GeV)

Msg, Msq

(GeV)

CMS B

80

200

0

5

90

250

1000

CMS C

50

150

5

ATLAS A

165

20

150, 250

800, 1000

ATLAS B

165

ATLAS, charged Higgs

Scenario

OBS

mt (GeV)

At

A

H* to SUSY
suppressed

175

1000

B

Mh-Mmax

170

Xt(2000) +
u/tan B

Msusy : soft-SUSY breaking mass
U: Higgsino mixing parameter
m12, M1, M2: gaugino masses
M3: gluino mass

Mmo: scalar masses

AQ: trilinear coupling

mXt: off-diagonal entry in stop mass matrix
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