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Good times ahead!

[1 What we know:

L=/t + EﬁE’etiC + Ly + + + LEWSB

kinetic

[0 SU((3). x SU(2)L x U(1)y gauge interaction between fermions and gauge
bosons tested at 0.1% level.

[1 Some information on the interactions between the gauge bosons

[ Lexwsp has not been directly tested: origin of masses, flavor physics, ...
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[0 SU(2) x U(1) symmetry is broken:

Oscar Eboli

e Without EWSB — fermions are massless
e QCD still confines — p, n, ... with some changes

e M, > M, (QED corrections)

e rapid decay of p into n changing completely the world: no
atoms, etc

[1 The EWSB sector has been elusive, but not for long!
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[EWSB «1 TeV scale]

[] Wif W, — Wf W, violates unitarity without
EWSB :

T(s,t) = A (ML)4+B (ML>2+C

\)\% \\%

A = 0 without the Higgs.

M2 M2
[ Including the Higgs: ag = —16732 2 4+ 1\1/112
S_
H

M <s MZ

[ High energy limit: ag 5 — Mpy < 870 GeV

- 8v

M%—I>>S

[0 No Higgs limit: ag _327er2 —> /Sc < 1.2TeV
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Limitations of the SM

[1 Even after the Higgs discovery there are unanswered questions:

what is the origin of fermion masses?

do interactions unify at high energies?
what is the dark matter?

why is the cosmological constant so small?
what is the dark energy?

what is the origin of baryon asymmetry? ...

[] The SM also has some technical problems: (hierarchy problem)
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e Quantum corrections drive scalar masses to high scale
AM%O(A%V

e This requires new physics in the TeV scale

e There are many solutions, pointing in different directions

Supersymmetry

Higgs is composite

« technicolor

« H is a Goldstone boson (little Higgs)
Extra spatial dimensions

« Large ED
« Warped ED (Randall-Sundrum)
« Universal extra dimensions ...
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|. Electroweak Physics

[ Precison measurements: ]

[1 The parameters of the SM: {p} = {aem, as, Gr, Mz, m;...}

[] In general observables depend upon many parameters after RC

OO ((p}) = OF<e(a, Gr, Mgz) [1 + A;({p})] e.g.

M2 — ye’ 1
W V/2Gpsin bw (1 — Ar)

[1 Precision measurements —> non-trivial tests of the SM
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{ —LEP1 and SLD
80.5 -~ LEP2 and Tevatron (prel.)

68% CL

Mass of the W Boson (preliminary)
Experiment My [GeV]
ALEPH —o— 80.439+0.050

DELPHI o 80.404 +0.074

L3 — E 80.270 £ 0.055

OPAL “e— 80.416£0.053

! %2/ dof = 40/41

LEP + 80.388+0.035
102
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Mass of the W Boson (preliminary)
Experiment My, [GeV]

ALEPH e — 80.439 + 0.050
1
DELPHI v 80.404 + 0.074
1
-3 —— | | 80.270 + 0.055
1
OPAL —+@— 80.416 £ 0.053
1
: ¥*/dof = 40/ 41
1
LEP —0— 80.388 £ 0.035
1
]
T 1
80.5 :tE:;:::'?Ie_\?almn(pre\) 1
% 68% CL 10 3 :
O 804 1
Eg 1
80.3 1
1
150 1
m, [GeV| 1
1
3 !
W
S 1024 .
= A(ng
=
0.02758+0.00035
linearly added to
M, = 172.5¢2.3 Ge\ [gilE]
9 10 ‘

80.2 | 80I.4 | 80.6
M, [GeV]
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Measurement Fit  |O™™_QfM|/gmeas
0 1 2 3

m,[GeV] 91.187540.0021 91.1874
I,[GeV]  2.4952+0.0023  2.4959
ol [nbl  41.540+0.037  41.478

R 20.767+0.025  20.743

A 0.01714 +0.00095 0.01643

A(P) 0.1465+0.0032  0.1480

R, 0.21629 + 0.00066 0.21581

R, 0.1721+0.0030  0.1722

J The SM is doing AZP 0.0992 +0.0016  0.1037
h I 9 0.0707+0.0035  0.0742
rather we A, 0.923 +0.020 0.935
A, 0.670 +0.027 0.668

A(SLD) 0.1513+0.0021  0.1480

sin®0"(Q,) 0.2324+0.0012  0.2314
m, [GeV]  80.404+0.030  80.376
ry[GeV]  2.115+0.058 2.092

m, [GeV] 172523 17289

10
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[ Presently myop, = 172.5 + 2.3 GeV
[ Mw = 80.404 £+ 0.030 GeV

[1 How well should we know Mw and myqp?

Atheo | 0(Aapag) = 0.00016 | Amyop = 2GeV | Amyop = 1 GeV
AMyy /MeV 6 3.0 12 6.1
Assin? g P x 10° 4 5.6 6.1 3.1

[ Amy,, >~ 1 GeV is desirable

0 Mw and my,, Similar uncertainties to fits = AMw ~ 7 x 1073 AM;,p

[0 AMw ~ 10 MeV is desirable

11




LISHEP-2006

Oscar Eboli

Main SM processes

12

pp/pp cross sections

T T T T TT I| T I_l 1. TTT
PP PP |
Glol
Shi
cjet(EiT“ > Vs/20)
Ow
X GZ
S; et(E:_“ > 100GeV)

Oy

cj“(EiT“ > Vs/d)

= Otiggs Mu=150GeV)

(M,;=500GeV)

ZAA\VA\IW

: csHiglgs

.

4
10 5 (GeV)

Process o (nb) | Evts/year
(10 fb-')

Minimum Bias| 10° ~1015
Inclus. jets™ | 100 ~ 10°
bb 5 10° ~ 1012
W — ev 15 ~ 108
Z—e'e" 15 ~ 107
tt 0.8 ~ 107
Dibosons 0.2 ~ 105

* pr>200GeV
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[MW at the LHC]

[1 One way of measuring it is

my = \/2EGTET (1 — cos ¢ey)

sensitive to Mw through falling edge
[] Simple cuts

p4 > 25 GeV
ET > 25 GeV
pycto = 20 GeV

— large sample 30M evts/10 fb~*
0 10 ' = AMw~20
(stat+syst).

13

MeV

» r
o

™

dN/dm.,

P
o

e

= "

5 60 65 T Ts BO OBy 9 95
m,. (GeV)
[1 theory is In good shape:
NNLO QCD and O(«)
[J FSR can shft measured
masses by ~ 50 MeV




LISHEP-2006 Oscar Eboli

[ Top quark properties j

[t is produced by qq — tt (10%) and gg — tt (90%) with o(tt) ~ 830 pb
OFor L=10fb~! = 10" tt = LHC is a top factory!

OInthe SMt — WTb =— t — fvb (32 %) or t — qq’b (68 %) so

N

o tE— jjb jjb (44%) i
[ =l
t 4wt
o tt — jjb (e/u)vb (30%) Fi—- nETRTR TS -

q g

- 1
di 7w

H::“"“Ej-:*t

o tt — (e/u)vb (e/p)rb (5%)

T

14
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[1 We can study several properties of the top

® My,
e single top production

e W polarization

e Anomalous Wtb couplings
e FCNC

e top quantum numbers

15
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Top quark mass

[0 Channel tt — jjb (e/u)vb: 2 b-tags; 2 extra jets; isolated lepton; #i
[1 After cuts S/B ~ 78 and 87k events for 10 fb~*!

[1 Reconstruct W — jj and then t — bjj

[ Possible to measure M; with a precision ~ 1.3 GeV (systematic) for 10 fb—1

miop | mtop
n 1

120

100
8o

80

4o

20

% 50 100 150 200 250 300 250 400
Top mass (GeV)

16
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W polarization

[] Allows to test the V — A couplings of the top:

2 2
m 2M
M = P o703 ; FEM = w

2 2 2 2
mtop + 2NIW mtop + 2MW

~ 0297 ; Fpo=0

— O-

=) =

=

®L_;

—
!

T
[1 In the W rest frame 1

1 dN . sin29+F (1—0030)2+F (1 + cos 6)2
Ndcosd 7 2 L 4 R 4

of

.....
i,

L \“-‘\“f‘f‘”l”\‘;‘\|\I\|\I\l\l\l\\\‘\ll'l"l'lll‘l.l\
1 08 -06 04 02 0 02 04 06 08 {1
cost

[0 10fb~ !t = AF; ~ 1-2 x 10~ 2 (at the Tevatron 2fb~! — AF?&‘E) ~ 0.03 (0.09))

17




LISHEP-2006 Oscar Eboli

FCNC in top decays
[ FCNC couplings Vtc and Vtu are highly suppressed in the SM:

SM two-Higgs | SUSY
Br(t —qg) | 5x107" | ~107° | ~107°
Br(t —¢v) | 5x 1078 | ~1077 | ~107°
Br(t — qZ) | ~10713 ~107% | ~107%

[1 We can describe these terms by effective lagrangians (x,z#t+,Py.c)

3 104 «—}— Reconstruct t—Zq —(I*l)j

P 95% CL | ATLAS 56 | ATLAS 95% CL
in 2005 | (10 fbt) (10 fb-1)
t3Zq | ~01 | 510
t>yq | 0003 | 110-4 7 10-5
t>9q | 0.3 5 10-3

110-3 <+—— Huge QCD background

Improvement 102-10°3
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-2 pnlept
[sm Qeﬁ j

Osin? 052" = 1(1 — g&, /g4 ) defined at My éat*;;/
W Z1
[0 Define the forward direction by the ete~ --
boost direction “ —
Proton Beam Proton Beam

[ can be obtained from Apg = B(A — sin® 6"
A and B know in NLO QCD and QED.

010fb™!' = 15.x10°Z — eTe™
[ Large Z sample but there are NLO and PDF uncertainties

1100 fb~ ' — Asin?6P" ~ 0.00014 (LEP 0.00016)

19
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[Triple gauge-boson verticesj

[ SM gauge fixes TGV

(1 We have already observed
WTW - ~vand WTW~Z

[ Hypothesis: ¢ and P
conservation

[1 Deviations from SM in terms of 5 new parameters

WWV . %4 + -
Lo = —igwwv |91 WL,W ™ -—w_ W

20

30

20+

104

PRELIMINARY A

YFSWW/RacoonWw
7 y ....no 2WW vertex (Gentle)

I1T!02."2005

| LEF; | ' Fa L

....only 1, exchange (Gentle)

160 180 200
Vs (GeV)

w

_ A _
TV 4+ ey WIW, VR M—‘éW,jVW,, a%s
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[ smoking gun: & grows with /&

[1 We must introduce form factors
(14+Q%/A*)™™

[1 NLO available;
uncertainties PDFs

0 pp — Wr (Z): limits fitting py.

Signal + Background Expectation

--------- Ax= 0.200 Expectation

-------------- A= 0.010 Expectation
Background Expectation

- Simulated ATLAS Data

3
10

events

]
10°

]
10 |

oyl ey
s

10" E HLUHJ_

2 :
10 |
100 200 300 400 500 600 700 800 900 1000

P, [GeV]

21
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[1 Attainable 95% CL limits

anomalous coupling direct LEP limits indirect limits pair production limits at the LHC
Ak~ [—0.105, 0.069] [—0.044 , 0.059] [—0.034 , 0.034]
Ay [—0.059 , 0.026] [—0.061 , 0.10] [—0.0014 , 0.0014]
glz [—0.051, 0.034] | [—0.051, 0.0092] [—0.0038 , 0.0038]
AKy [—0.040, 0.046] | [—0.050, 0.0039] [—0.040 , 0.040]
Az [—0.059 , 0.026] [—0.061 , 0.10] [—0.0028 , 0.0028]

[1 The statistics will be enough to measure the form factors:

@008 Ao = 0.04046 + 0.005731
=, : Ape [GeV]= 1387 +183.5
0041 |
-
003 a:
R
0.02 |
0011 |
! -
= ? - _+ =
I | | L | ! |

: L | L 1
0 500 1000 1500 2000 2500 3000
M™(Wy)  [GeV]

22
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[] It also possible to use WBF  (rep-phioaos2e9)

[] 2 energetic forward jets — tagging

[] rapidity gap = reduces QCD contamination
(] Signal is enhanced at large py.

no form ' factor

A=2.5TeV n=1

do/dpw (fb/GeV)
46 /dpry (fb/GeV)

0 500 1000 1500 2000 -~ O 500 1000 1500 2000
Prw (GeV) prw (GeV)

23

Higgs Decay n
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[0 Limits for Akgz, similar to VV
production

~0.066 < Ak~ < 0.052
—0.038 < A, < 0.042
—0.086 < Ag? < 0.029 :
—0.083 < Aky < 0.034 -
—0.024 < Az < 0.030 '
—0.13 < g€ < 0.12

1/0 da/dhAgy;,
o 3
R =N n

0.3 |

0.25

[J Single V. WBF can be used to
completement the V'V information on
TGV

[ Ay;; good to separate the anomalous

TGV

24
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[Quartic gauge-boson vertices]

[J Anomalous couplings containing photons:

ezgz ezgz
Wy = — > F, ,F*WHtew_ = W) =— 1 F, ,FrYWTPW, + W "WT) .

[1 Best channel is V'V production via WBF

PtPp—da+d—j+jty+y and j+j+y+ (Z7ory" =) L7+,

[1 2 energetic forward jets with rapidity gap = tagging

[1 Signal is enhanced at large M., (¢+)

[] The background has to be estimated from data

25
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_II[IIIIIIII[IIII[IIII]IIIIIIIIII[III[IIIIIIII_
SH full line : SM, 1, (E=10.), p=\8 1

10 i |
dashed line : SM, g (E=0.1), pe="4 3

0o E1

(1;’0')dcfdmw(1fGeV)

EIIIIIIIIIIIllllI|IIII|IIIIIIIIIIIIIIlIIIII:I-IIII
250 500 750 1000 1250 1500 1750 2000 2250

mW(GeV)

] Typical limits: LEP \%| S O(1072 GeV™2); LHC \%] <$1-6 x 1075 GeV 2

26
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[J Quartic couplings without photons

0 O —gaﬁg’ﬂs{ (W+W§W W5 + WIWIW Wi )+ LWIZsW, 25 + - zazﬁzyz(;]

1 1
Cw

W

[] Best channel is V'V production via WBF
p+p—jjWW~ = jjeTuTrr and jjWEW™ — jjeTpFovy
(] Again: 2 energetic forward jets with rapidity gap, ey, jet veto, ¥ , and large
Myw
0 For e* 1T the largest background is ttj

[] Background extracted from data (counting experiment)

27
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[J LHC attainable bounds are stronger than the present indirect limits
(—0.27 < a4 < 0.036 ; —0.68 < a5 < 0.090)

0.1

1]
B 99% CL
my=120 GeV
0.05 - sX*-—50 %
0 |-
—0.05
[ 0.1 T
5 99% CL
=120 GeV
095 S =30 %
0
-0.05
_0 1 1 ) | n 1 N 1 N
L1 —005 0 005 -01 -005 O 0.05 0.1

28
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COnStraining PDF (pralavorio, EPSO05)

[1 Use the W — ev rapidity spectrum

to constrain xg(x) = x*

do/dy Br(W-=>ev)

29

o2

'R ES

0.

Zeus PDF

LHC 1 day

B PP _ Q2= MWZ

i_.;‘.w Pk * .__\.\\:.“\

[ "ATLAS data™,

- (CTEQBLL) Y\
A=-0.18760.040 .

o2

015 F

005

LHC parton kinematics

My, = (MITE TV expl=y)
=M

M= 10 TeV" >

a1

o Lo

X
i Q2=M,2
| A=-0.155€0.030
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ll. Electroweak symmetry breaking

[SM Higgs:j

(] In the SM there is just one Higgs doublet — just 1 Higgs boson after
EWSB

[]1 Direct searches at LEP — My > 114.4 GeV at 95% CL

i5)
A=
— D.0275840.00035 :
=== [) D27 4840.00012

=== incl. low QO data

[1 Precision measurements lead to
Mg < 186-219 GeV F 3

[11s it around the corner?

| Excluded N\, A
30 100 300

30
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HO

t T fusion

W.Z W.Z

1

W, Z bremsstrahlung

HO

WW, ZZ fusion 9

[Production

Mechanisms:}

| Lo | Lo B2 ) PR . 2L (L L P T L E22 P ) L L L)
o(pp —H+X) o7
F Vs =14 TeV
[ ‘:!* m, = 175 GeV 108
L CTEQ4M
5 "‘-_‘._‘\“\ -------------- 10%
E_ ., ::-_:__"..: \\‘ ........ _1 04
L 10°
— M. Spira et al. ‘h"“'-:...h._'_""*-..__-: ..... 102
NLO @cD T S
LI T T T T T T T T T T T T T T T T T T T T I T O Il Pt
0 200 400 600 800 1000
M, (GeV)

[1 Processes known at least at NLO

31

events for 10° pb™
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[] The possible decay channels are

1 A. Djouadi, J. Kalinowski, M. Spira
i e T T ==t

101

BR (H)

10-2

1073 L1 |

32
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[1 What happens when we add all the channels for the SM Higgs?

-1 H— vy
[Ldt=30fb ttH (H 5 bb)

{no K-factors) s H - 2zZ" = 41
ATLAS H - ww'"” = vy
10 * qqH — qq WW'"'
A qqH — qq 17

Signal significance

Total significance

10

- | |
: 100 120 140 160 180 200
my, (GeV/c?)

33
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[ Light Higgs production via WBF j

[1 We can tag the final state jets in qq — Hqq — Hjj
0 Let's focuson H — 777~ — eTutjh

[0 The main backgrounds are EW and QCD production of r7jj. tt 4+ n jets can
be efficiently eliminated.

[] acceptance prt and »; rapidity gap; 77 reconstruction and jet veto.

= Higgs signal m,= 160 Ge¥ /c’

Forward jets

.’H}fgw.c Decay TI -4 ) ] 2 4

34
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[1 Even after full simulation the Higgs signal is nice

[1 77 channel

nev/5 GeY for L=30 b

CMS

My="35 GeV,

i":'“:l 1.3 Ge‘t-éf

QCOHEW 2424

g A0 10g 120 130 18g 180 200
M., Gev
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[1 Even after full simulation the Higgs signal is nice

0 77 channel 0 WW channel

o= b
L}

o 1 Hizes sizral 177 Do

ATLAS

. CMS
QCDHEW Z+2J

H [

ko I 1 aczksroard
C.4
1 ‘&% bacagrau-c

1bllll

H—‘“rfr—‘*lﬂet 03 M, = 160 GeV
M,=" 35 GeV,

nev/5 GeY for L=30 b

| | 0.2
ou=11.3 Geri

1

i a
B a0 100 120 140 184 180 200 3 a =0 100 150 20e] nEq)
M., GeV

- (GeV)

35
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[1 How well can we measure the Higgs properties?

Experimental precision on the SM Higgs mass

QL}/ ATLAS +CMS
£ P 300 fo'/experiment
= 5
= 1
=]
| m
10 -,
OH, WH, ttH (H —> )
OWH, ttH (H —> bb)
AH — ZZ¥ — 4
M All channels combined
10 |
10°

10
Higgs mass (GeV)

3

AT /T

10

10

1 Experimental precision on the SM Higgs width

- ATLASHCMS
300 fb™' /experiment
@H — 7z — 4
°
5
®
"'-.\ e @
S,
—2 ! |
200 400 600 800

Higgs mass (GeV)

[1 For Mg < 200 GeV — Higgs is rather narrow

36
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[0 My < 200 GeV = combine different channels ep-pniososz23)

_4_0 ras

Ac, /o, (%)
5

25

15

10

110 120 130 140 150 160 170 180
M, (GeV)

37
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ST, oI, oL
or, I or,
B0 — 40 —
e T AT =gy MO SysSt I 3T = Za T’ T =Yg N0 Sy st
E_ME__. 50 510 35 S S
. 30
- 40 .
3 s o 2
Bl — 2 N
(] T L
_""--.._______._________-— T oy
l_'i'l': -
i : Ve Teemee.
= 10 t
O 5
g_ 0 | U o | |
E B _1_-."1_“ 1 =
50 Z W / 35 [ T2 Tw=Zsm I/ T=Ys Syst
l_l:l-,________
i Tame s 30
]'_EI o o - — - 25 \v
30 E\k 20 =
Tt S
20 """-—_____________________-_-_'- 15 T
Iy 10 _'—'_""---‘____________‘____
10 5
0 | | 0 |
38
110 120 130 140 110 120 130 140

M., (GeV)
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SUSY Higgses at the LHC

[1 SUSY requires more than one Higgs doublet

[J Physical spectrum: 2 neutral CP-even states (h, H), 1 neutral CP-odd (A)
and the charged H*

[1 The physical Higgs are mixtures of the initial doublets = couplings to
sMg sin o

other particles depend on mixing angles, e.g. Gyhqq = —i4 055
[1 At tree level there are only two independent parameters M, and tan 3
1
My = M3 + My ; My, = - (MR +MZ + (M} +M3)? — 4MZM} cos® 28)V/?)

Note that M,;, < My. Radiative correction help to evade this limit

39
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500 T — T T 500 T — T
Ma [GeV] Ma [GeV]
Xe=0 X = Vo6M;
300 - 300 -
tand = 3 — tan § = 3 ——
tan 3 =30 «eeuse A | | tanfd=30-----
200 |- 4 200 -
150 150

wol .- L w b 7

50 1 L 1 1 50 . 1 L 1 1
a0 100 150 200 300 a00 50 100 150 200 300 al
M4 [GeV] My [GeV]
T T T T T T T T
1E 1E =

0.1}

001 g 4 001f

tan 4 = 30 ——

0.001 1 | L 0.001 L :
50 00 150 200 300 00 &0 100 150 200 300 5
My [GeV] My

[] One state similar to a light SM Higgs

40

WDEDE
o o

UNIy,
p,
ond®
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[No-lose theorem ]

(1 for a neutral CP—even higgs at the LHC in WBF and H/h — 77
(maximum/no mixing)

tanf

30 P 7

A\

20 b LHC@Ofb™):
:\VV—)H—)‘E’E -
n K] § N0
i WA 1 i AR ]

“r %::::::"( 1 0k \@}// ’
i ! r ] i iV, i
: NS % : '

5 B et vy, 7] 5 . LEP2:e’¢ —=Zh
b LEEQ\ \|\_)Zh. .. -- T - H H .\.\ R R R R R S R ;
80 100 120 140 160 80 100 120 140 160

M, [GeV] M, [GeV]
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[ Branching ratios for heavy SUSY spectrum (tan 3 = 3) and 30

100 ———r

Branching Ratio (h,H)

o e
L\W*HJ N e
LT et [y Rt

S

tan =3

T
-

1

1
i
Lol

[] Signals and cross section vary a lot

42

(GeV)

140

1680 180
my (GeV)

Branching Ratio (h,H)

100 ¢

1071

T T I : I I I _
bb " Bb | E
tan =30 1
58 |
-1 et L —=
. _.ff’ —‘-——‘-_.,__E
w w,-r ZZ |
L :’I A4 ] FEFaink
160 180 200
mpy I:GEV)
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[] Like the branching ratios the importance of the different channels gets
modified — the analysis has to be redone

N 7 ) -1
50 MM T T T T NN ] ATLAS - 300 fb
| _EJ?M.E A 3 | . maximal mixing
45 | E S AT S N
I E o~ ; 7\?- ;\' & 4JQ 7 \ \\_ I | I[l H{l _‘i]H:I'
% alf < = |2 S o % 2 :
c 35 GTEF : T & T Q> =
S HeH7 : &7 k@ 4
B B> E EE < T =
0 B EESGT 7
g3 E |3 s
25 TI'.:+ _? \2\ 1 =
20 | E LA CMS, 100 fb~
T “E _ - maximal stop mixing -
15 | HE = IR : LEP excluded
g ¢ : RN
10 ¢ = ; - 1 a5
nE HA —> 717 —>1+7 jet+X, 30 fb -
5 E 5 -
SN S Excluged by LEP | _
100 200 300 400 500 600 700 800 50 100 150 200 250 300 350 400 450 500
m, (GeV) m, (GeV)
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[Higgs IS decay chain ]

[1 Depending on the SUSY point, Higgs might be produced copiously in decay

chains.

[ For instance, 2 — hy} versus {2 — (/¥y}

T T T T | T T T T ] I | T T | T T T ]
800 - ___ signal | U
- SMbackg | =
i ___ SUSYbackg | =
600 — — =
= | |
[41]
(0] L -
© L |
_‘tﬂ
400 -
= L |
w
200 — —]
7 -~ i
0 O VAL TP VT W TRV S TSP T T O T e ot
0 100 200 300 400

m,, (GeV)
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Invisible Higgs

[1 Many models exhibit Higgs bosons that decay into invisible final states:
o SUSY: h — xIx!
e Majoron models: h — J.J

e Extra dimensions: Rh? — h — GIGY

[] For an intermediate mass Higgs couplings to SM particles are small
(m3/v* $107°) = invisible modes can be ~ 100%

[1 WBF is a robust way to look for Higgs bosons, even invisible!

qq — qqVV — qqH (V=W or Z)
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[] Signal: two jets at large rap

[ Significant backgrounds: EW and QCD jjZ(— vv); EW and QCD jjW (— v[£]); QCD jj; QCD jjj

idities and large g

[J Require a rapidity gap; large M;; and lots of B

[J This a counting experiment!

[J Variable used to estimate backgrounds: A g;;
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[J LHC reach in the invisible Br xo/osm

My (GeV) 110 120 130 150 200 300 400
10 bt 12.6% | 13.0% | 13.3% | 14.1% | 16.3% | 22.3% | 30.8%
100 fo~—+ 4.8% 4.9% 5.1% 5.3% 6.2% 8.5% 11.7%

[ ¢;; carries information on the CP properties of the Higgs

[ WBF can also reveal the CP nature of the Higgs ep-phioi0sz25)

daofdAde i | H—11) [th]
0.006 =120 GeV

. CPodd™,, .
0.004
— -—__\_\_\__ }.:.
VI -
) : :
gz . CPeven
........... - zﬂ
0 : !
0 50 100 150
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Higgs quantum numbers

H — ZZ — ¢¢¢¢: distributions to determine spin and CP

[] For light Higgs boson
a good discriminator
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Ill. Supersymmetric models
[] SUSY has been extensively studied as a candidate for physics BSM:

e the most general extension of the
Poincaré group; =3

ol ‘-""\-\..‘_1 J,'rﬂ" :z Al “ I'I."'I
e SUSY can lead to coupling unification; « ~ M ol O MSSM
) &H ;-,‘ \.\
e Weak scale SUSY can solve the hierarchy i >S4 0 . .
] # o e,
problem; “ /S wl N
e itis perturbative; ., yd " >
e dynamical EWSB N .
d 1/a Lo
e Many free parameters! . . :
. 0 5 10 15 U] 5 10 15
e SUSY has many signals — good work fog Q o8 Q

out

[1 Goal: gather as much information as possible (masses, spin, etc) to
reconstruct the low energy SUSY breaking parameters

[1 General features: complicated cascade decays with many intermediate
states; i if R = (—1)38TL+2s js conserved

[1 If R-parity is not conserved the signals depend on the LSP decays
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[Inclusive SUSY search ]

i
0 LHC = jets and missing Fi SR
37
0o(1 TeV) ~ O(10 pb) 3
8 o10E
[ define Mgysy = min(mg, my) & |
10:—
4 I
Meff = Zp"]r -+ ET X MSUSY 09 500 1000 1500 2000 2500
j=1 Mesr (GeV)

[] Rather simple to rule out/discover gluinos and squarks up to ~ 2.5 TeV
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CMS "L dt =1, 10, 100, 300 b’

1400 A=0ranB=35pn>0

. gfiﬂ)p}
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] | ¥ | r n I
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1000 | . .
TH --,_‘_kf%j “.‘_{r%J

S" 20K h .
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N S|
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[Exclusive SUSY search ]

[1 Reconstruction is quite involved due to:

e long decay chains = huge combinatorics
e unknown boost of the subprocess CMS

e Undetectable LSP — not possible to reconstruct invariant masses event
by event = study distributions
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800

[+)]
[=]
o

400

Events/1 GeV/100 fb™"

0 & — a¥s — al31f — ql; 17 %8
[1 my has an edge

200

O 2020 e0 80 100
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2 2 2 2
(m% —m? )(ms —m?)
( 2)edge L X2 R R X1
1y T 2 800
1y ’ o
2 500 M L
g | ft
. . .y |Hﬁﬂ
[1 The edge is quite sharp 3 a0l *W} |
E ||*++++ |
200 "
i
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[J Long decay chain = more edges (constraints) available (m

2 \edge 2 \edge 2 \thres
( ql)min J (mql)max J (mqll)
J
}
o b Wi
:a 600 TR
= o
S | | H
& ao0 I h
0
)
B +
Lﬁ 200_ f {#
i +++ 'i'
D B A I | I I | mth‘ “H;“; "Hm‘ "
0 200 400 600
m., (GeV)
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[1 The masses can be obtained with a

precision

LHC

Amxo 4.8
1
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Unravelling the spin

[1 UED: KK tower with same spin as in the SM

[1 UED lead to similar signals = we must probe the spin!

850 850
' 1 excited KK [evel Example decay
SpPectrum
(example masses)
li
600 - Q - 800
- 1 h
c d b?tl
23 Z,
=
550 +{ 550
- ;r: L #3 i 1'.
H
. .
| — + 500
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[] Basic idea: for a decay chain, the structure of interactions and spins lead to
correlations between particles — this can be seen in invariant masses!

0 qr — qXy — qlétlfq; o qlétlf)zg (ph/0507170;ph/0405052)

0.3 T T T T T T T L T T
0.3 _I L T T l T T T T |' T T T T T T T T L T T T : ] [
i 1 02 =
02 - o 5 R
E i 1 C || [
5 [ P _' 0.1 [ [ g =
T ra | I | ] - |~ - ]
A E B =g s L7 = ] = e g
- L. g T [ - = = p—— — 1
B :—|. | =] e, e o |
Eo— L o EX = !
=01 — — -0.1 o - i
e i
C ] | i
-02 | | — —0.2 1 . po- g
4 I~ L_| -
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f i
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[1 We can apply the same technique for the gluino  awes o trienn)

g — bby, — bby9 — qlétiﬁ — l_)blg:lf)z(l)

(GBI )- (bl )} um

At

doldm,

do/dm,

57

SUSHeHI+T)
ozl LEDE ™) | | |
- 1
I el
LA Y T |
[ LR 4+ |
Lt = i 1o 2 2 B 8
i .-
a2 SPSIn
L=t00f" Mass Specirum
Fras I 1 I 1 1 1
100 120 140 J60 IS0 200 120 240 260 280 300 B0 M0
m“i[GeV]
1

a5

a
g 28 40 & 80 108 1IN J40 160 I8¢ 200 228 240 260 280 308 320 340

m,+[GeV]

as

a4

(]

82 |-

&l

-0 |-

B2

-23

-Rd -

TE &

SPS1a
Mass Spectrum




LISHEP-2006 Oscar Eboli

V. Extra dimensions

[] Assume that the space has 3 + n dimensions

[] The signal is model dependent:
e one has to define the particles that propagate in ED;

e geometry of the ED: warped or flat (LED)

[] Particles that propagate in the bulk have a Kaluza-Klein (KK) tower in four
dimensions: just their “Fourier” modes.

[ In LED just gravity in the bulk = there is a KK tower of gravitons with a
small gap = leads to processes with #i

[ In UED all particle propagate in the bulk = KK number is conserved
—> KK states must be produced in pairs

[1 orbifolding breas KK number conservation, leaving just KK parity
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[] Let’'s consider Randall-Sundrum model (warped with only gravity on the
bulk) =— new massive spin—2 particles

[J There should be a series of resonances in pp — G, — ¢/~

do/dM (pb/GeV)

2000 3000 4000 5000
My (GeV)
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(1 With mild cuts it is easy to extract the signal

< 20
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[1 Can we probe the graviton spin?

[0 Just use the angular distribution: 1 + cos? 8* for spinl, 1 — cos*0* (gg — G)
and 1 — 3 cos? 0* + 4 cos? 0* (q7 — Q)
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[1 Can we probe the graviton spin?

[0 Just use the angular distribution: 1 + cos? 8* for spinl, 1 — cos*0* (gg — G)
and 1 — 3 cos? 0* + 4 cos? 0* (q7 — Q)

Events/0.2
>

05
cos(0%)
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V. Final remarks

[J] LHC can probe a large number of BSM scenarios
[] We don’t know what is out there, but certainly is going to be exciting

[] At least, we will discover a new force, the one responsible for EWSB
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