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| Particle Spectrum 2

Y Littlest Higgs model
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@90 T Gauge sector — [SU,00U,J?
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new couplings (+ scale f)
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_of top-quark loop (1) 3

m,= my(0) + dm,

— N Mo
base mass  19°P —>

corrections

+ N2 divergence

(boson loop) = - (fermion loop)

- need boson loop to cancel this divergence
- nheed supersymmetry

Not really true .........
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‘nce/lation of top-quark loop (2) 4

t A f
h @ :
2 h N f h
+ \; tt hh AR A= oAS - At x hh
( t = top quark, A, = Yukawa coupling) )

( X = heavy top, f = new scale 01 TeV)
New couplings in the Lagrangian

hh_
M| tth + ftx — Ttx |+ A fxx

t—‘—t \_‘_ t—\‘;ﬁ o

can be implemented with Goldstone bosons
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_7 of top-quark loop (3) 5

t and x will mix — standard top t, heavy top T

M, ~ MAg v+o(”2) My ~ A§+A§f+o(f)

NYESY 1 12

v = electroweak scale = 244 GeV
f = heavy scale 001 TeV
A1, A5 = Yukawa couplings O(1) )

M{GeV)

A, can be eliminated using SM top mass

— 2 new free parameters, f, A,

Mrp =~ 1.4f Al f>1TeV "

/21— A—l% (EW datal)
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but if Mtis too large — fine tuning




-Other loops 6

By, = —2 (4m; — 2M}, — 4M; — i)

PN

Minimum needed to cancel all loops

T heavy top nmmmmp new EW singlet
Wy, Z;;  heavy gauge bosons nmmmsp new SU(2)0U(1) symmetry
o heavy higgs bosons msssp many new Goldstone bosons

EW triplet (¢, ¢, @)
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| The Littest Higgs modef 7

SU(5) broken at scale f 01 TeV SO(5)

24 - 10 = 14 massless
Goldstone bosons

10 GB

4 GB used 4 GB used
to give mass to glve mass

’ l‘roz , Wi, Ay I‘roZWandh

v
>

SU(2)0U(1) U(1)

[SU(2)0U( 1)] broken at scale Standard model broken at scale
fO1 TeV v 0244 GeV
| E——— | [
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Litlest Higgs: particle content and couplings -

T

Wi, Zu

Ag ¢’ = cost’

¢, ¢, ¢**

c=cos) s=sinf

Al A

MT=\/mf+O(%§)

s =sin@’

2m2 2
v M3 = Al 1

New constants:

weakness of
the model

XXXII IMFP

scale fand Ay, 6, 6, V'

- No relations between these new constants
- A, couplings not fixed by the model
- EW data - f — fine tuning

2 TeV<f<4TeV
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| Strategies at LHC 9

|
' |
' |
| |
q q | |
l ! Zy, :
W | :
| _ |
|
b T d :
' |
| |
|
VBF mechanisml Wb fusion | qq annihilation
o O(v')? o O(\,)? | o O(cotg)2
v’ should be small A 01 but | Wide range in cotf
¢ - WW+ suppressed by b- : possible.
large SM bkg Zuar/g \I;VDF;Z | Z ;ei fSignal
— r |
—fearsignat—— L - - ——— - - |
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' Expectations for Z,, 10

~ f = scale for new physics
M(Z,) = my, (f/v) [cot 6 + 1/cot 6}{ = Fernii scale (244 GeV)

Avoid fine tuning 0 M < 2.2 TeV

3% / (assuming m, = 120 GeV)
2.5

A7 M expec‘red in1-2 TeV
region with wide range
of cot 6 parameter.

M (TeV)

05 Agree with EW data O f > 2 TeV

0 0.5 1 15 2 25 3
cot O
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| Gauge Boson Z,,

11
f (Tev)
K 12°/o
104 \
_ F N\ 9 H(cotd)? oE ST ee + T+ TT -
@ 108 q &
: ) o -.
;E 102 : q o j Zh
N 0%
© /
10l |- 0 E
F (ot 0= |
100Ellllllllll""""" 104IIII|IIIIE“":IIJ\I\|IIII|
1 2 3 4 5 05 1 1.5 2
M, (TeV) cot 6
Once a mass is given, the [() ~ (cot)?
only free parameter in T(Zh) ~ (cot 20)2
the model is, 6. G )
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I-Ch for Z, 12

_ M(Z,) = 2 TeV 3-10° pbt
qq — Z,,—e'e
W' not used due to ot 6= 1.0 { s Eégoo
invariant mass resolution

Selection cuts:

e 2 isolated electrons with

pr>20 GeV and |n| <25
e minimum invariant mass
equal to 800 GeV

| ||||m‘r|‘Lr\||||||||

N(e*e’) bkg subtracted

Background:

Drell-Yan (qgq - Z/y - e'e’)

M(ete) (GeV)
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\Biscovery region for 2, .

3-10° pb-t

e g(Z,) decreases as M increases
e g(Z,) O(cot 0)2
BR(Z,,—» e*e’) drops for cot® - 0O

e If Z, is found, cot 6 can be
extracted from o(Z,) and r(Z,)

—

™M [ 3.4 (cot 6)2 +0.071 (cot 206)?] %

®4—III|IIII| [ Illlll—l—
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- :

(0 [O(cot 6 cot 26) 2)

iy

cot © cot 20 3l
- o(cot 6)
m, = 120 GeV “E o(cot 6 = 0.5)
o 7
BR(h — bb) = 66 % s
BR(h —» vyy) = 0.2 %
m, = 200 GeV
BR(h WHW-) = 74 % ou"alz"alag!e'a.s T 1.2"'114"15"1!3;;'82
BR(h —> ZZ) = 26 %
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Z, —Zh with h— bb 15

Cuts Cuts
In| < 2.5 (jets and leptons) Inl < 2.5 (jets and leptons)
P+(2) > Prz) >
P(h) > P(h) >
b-tagging b-tagging
Background: Z + jets
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Mz =1TeV

. b-tagging

< py(b)> =220 GeV

XXXII IMFP

Mz =2 TeV

16

< pr(bb)>= 800 GeV
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I.a/ and background 17

MZH‘ 1TeV MZH_ 2 TeV
70:— i = i Signal F ! ! Signal
C ' ' Background B %{ ! ! Background
C 74 L=3-10° pb i ! ' L = 3-105 pbt
60 | cot 8 = 0.5 \ cot 8 = 0.5
vy 50 wn
+~ C +~
S F -
O - ]
> T 7 >
o md
30
20
10
I b5 P | B i | .
400 600 800 1000 1200 1400 1600 1000 1500 2000 2500 3000
M(Zy) (GeV) M(Zy) (GeV)

b"Tag: Ep = 500/0, Ru = 100 b‘TGQ: 8b - 400/0, Ru = 100
Inside mass window: Inside mass window:
S=195 } S S=15 } S

B=16 B B=8 B -°
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W/ Zy - W/Z hwith h — yy

Cuts

Inyl < 2.5
Py) > 25 GeV

P-(h) > 400 GeV
y-tagging, £(y) = 80%

XXXII IMFP

Events

18
MZH= MWH: 1TeV

40—

3 o L = 3-10° pb

a5l cot 6 =0.5

7

30 )

|

25t r

- 7

2}

15 Bkg

10/

st :

= D)

0200 600 000 1200 1400 1600

M (Z,/W )
S(Wy - Wh) = 65|
S(Zy - zh) =33[ 78
‘ - = 29
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B(h inclusive) = 7
B(yyinclusive) = 4 |

11 VB




cotf

15

0;

.w s lv bb
%V —iivy

L = 3-105 pbt
S/VB>5
N> 10

SYilLy

XXXII IMFP

IIII‘IIIIIIII\'III
1 12 14 16 18 2

22 24 26 28 3
m, (GeV)

D/‘sco very region for Z,, - Zh

19
—

h(120) - bb

L, >Zh > [ bb
W, - Wh > /v bb

h(120) - vy

ZH — Zh — jeTs W
W, - Wh - jetsyy
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. heavytop T 20

e Production mechanism = Wb fusion

f (Tev)
' 102||||1'5||\|2'0||||2'5|||
9 q : | | |
éml
W 100
o)
b T 10~1
10‘2; .
T—»> bW 50 % 10_3:..|......\.“|...|....
1.5 20 2.8 3.0 35 4.0
My (TeV)
BR< T+ (Z 25 % i
h 25 0 A, A, Yukawa couplings
___>
T t 5 % r :_1 oo
M 16m
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1T searches 21

Signature
3 leptons
+ 1 b-jet

s ETmiss

[—l—

Signature
3 b-jets

+ 1 lepton
+ ETmiss

S

BKG

XXXII IMFP

pp - tZ
pp - WZ

pp - tt
pp - Wbb
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I- Zt signal 22

M=1TeV

T - 1Z - 3 leptons + b-jet + £+

L = 3-10° pbt
A=A,

S=12

Cuts:

- 3 isolated leptons

(2 of them with M;; = M)
-1b -jet

- #+> 100 GeV

Events in 3001b-1

0 500 1000 1500 2000

Invariant Mass (GeV)
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I' — ht signal 23

M:07,1013 TV | T _ ht 3 b-jets + lepton + F;

o0 | M= 0.7
Cuts:
o - pr(3-jets) > 90 GeV
R - p(lepton) > 70 GeV
LTE 50 - Bkg -100 < Mh < 140 GeV

At least 1 b-tag

X-sections to achieve
30 observations

0 C . *’éﬁ‘.?‘ﬁ;ﬁ?ﬁﬁuﬁwm_“ ek,
0 200 400 600 800 1000 1200 1400 1600 1800 2000

M(T) (GeV)
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. New Higgs ¢+ 24

e Production: VBF mechanism 3-105 pb!
(vector boson fusion)

WHW* & @t WHWH

102 e T T T 3
MO=LITeV o mg) =2 Tey
10t .
g
O
>
L 90 L i
.
gt - WWT L L [o00) NN ]
Decays o | N z
¢++ -l-+ -l- + e+e+ 500I — IIOUOI — I1500I — IBG(}O‘ — I2500
- ) > eo Myy (GeV)
< - SM

Y

might be suppressed
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gt wews >

gtt - WHW+ o [T Ty 3-10° pb-t
M(@*+) = 1.5 TeV

Bkg:  WWqq, WZ o
WZqq, Wit ; Bkg

: , 5=32
Main cuts: z B = 20
- 2 forward jets 5 3
* P(lepton 1) > 100 GeV [
* P+(lepton 2) > 50 GeV Z Signal (v = 25 GeV)
« B> 50 GeV : el

L Parameter v' > 67 GeV
. MT > 600 GeV _|_‘ To achieve 50
M (@) (GeV)
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I s

gt - 1Tt - lepton + jet Couplings might be
suppressed in the little Higgs
150 mo.dell
Bkg:  WWjj, tt Z | M@)=03Tev
Main cuts: §
Forward jet tag g 100 M(¢~) = 0.7 TeV
P+ > 40 GeV £
P-(j,) > 20 GeV =
|An | < 3.8 £ -
M;; > 600 GeV 3

Central jet veto

T selection cuts

Same charge for t1-jet
M(t+1+) (GeV)

and lepton
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.~ Outlook 27

Work in progress

- h(200) - ZZ, W*W"

- A, and W, production and decay
- T Zt, Zh, bW

C@t o WEWH

Other models

SU(B) - SU(4), SU(6), SO(5

J — )

~

—
1 higgs doublet 2 higgs doublets

XXXII IMFP
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Little higgs models are an alternative to supersymmetry at 1 TeV scale

f=16GeV f =100 GeV f=10 TeV

QED
+ Fermi
theory of
weaks decays

SM
sU(2)0u(1)
gauge theory

‘ Subtle is the Lord, but not malicious’

This time the Lord has been too subftle...

XXXII IMFP Little Higgs Searches with ATLAS  ticante - March 3




