BSM
theories & signals

ISTAPP 201 | - Gokhan Unel / U.C.Irvine

Last Lecture of week |, prelude to week 2
=> what should you get out of it!
+ A review of the BSM theories on the “Market”

+ Typical signatures of most prominent models
- Expected results for /s =14TeV, ATLAS, (CMS is very similar)

+ No homework, sit back and relax but don’t snore!



BSM mOde|5: Exotics |
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» A brief summary of popular models:

* Grand Unified Theories:

- SM gauge group is embedded into a larger one like SO(10), to unify EW and
QCD.

- additional fermions and bosons predicted.
e Little Higgs models:
- spontaneously broken global symmetry to impose a cut-off ~10 TeV.

- additional bosons and quarks introduced to cure the hierarchy problem.

e Extra Dimensions:

- Low Planck scale in d dimensional theory solves the hierarchy problem
between EW and Gravitational couplings.

- Excitations of SM bosons and fermions are predicted.

* And Many More like Fourth Generation, Hidden Valley, Unparticles....

» Most of these models do not exclude supersymmetry.
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SM ingredients

» Fermions as matter particles
*Quarks & Leptons

» Gauge group structure
* gauge bosons as force carriers

. SM is like your old car:
) EW Symmetry Breakl ng you like it but you also
* mass Via Higgs bosons know it has problems...

» SM can not be the final theory:
e Hierarchy problem: dH ~ My
* EW and Strong forces not unified
* Arbitrary fermion masses & mixings
* Arbitrary number of families
* Unknown source of baryogenesis

»3+| space-time
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SM to BSM

Super Symmetry

Fourth
Family

GUTs

Gauge G

Little
Higgs

2HDMs

» Fermions as matter particles
* Quarks & Leptons

new composite
new quarks )w leptons ) lepto-quarks )  constituents ) ~ "1

» Gauge group structure
* gauge bosons as force carriers

LY

» EW Symmetry Breaking
* mass via Higgs bosons Dynamical
ngmetry
new scalars | new EWSB ) reaking
Technicolor

»3+| space-time

new
dimensions RS Model ADD
Models
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SM to BSM

Super Symmetry

couren " TEMIONS as matter particles

Family Wks & Leptons
new quarks | new leptons ) N )composite
W. . - models
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Gauge G
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New constituents excited vs:

¢predicted by: composite (preonic) models

#produced as: single (vv*/v*e) via Z,W,” >w~< >w~<

¥decay via: boson + lepton:vy,vZ, eW

q
*Fast MC based study >‘<

*scan neutrino mass: [500,..,2500]
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*consider 2 coupling possibilities: 3 9
. . . . / : -1
*with and w/o vy decay (same disc. limit) < | - with 300fb™ data
> g . 8 ——
g [ e e Culs = 9 TeV @ 300GeV
@) i A=Mass P,/ >50 GeV i
FQ]O ? nelec <25 7 j o > 3 2.5 Tev @ 2 Tev
1{3 - Backgrounds i
swt wZ 61
Q ........ WWW i
*5 Total 5 7
LJ
4 |
3|
. - eW (W—]jj e/p v) AND
2 ez (Z—jj Mp) considered
]0-0 500 1000 1500 2000 2500 3000 3500 0 0‘25 | 0‘5 | 0‘75 | } | 1‘25 | 1‘5 | 1‘75 | é " 225

Mass (eur), GeV Mass, TeV
other excited fermions (e*,q*) also studied, but not reported here.
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NeW qual”kSZ q=-73 singlets

¢predicted by: E¢ GUT o D
¢produced as: pairs from gluon (quark) fusion >_<Lf}
¥decay via: boson + light jet o

*Fast MC based study D D — 4 ] Z ] — 462]

*scan new quark mass

#D quarks/20GeV/year

*pair production is mixing independent ~F — D quarkdiscovery redch
3 ---- Signal @ 800GeV E i
- — SM background [ | | | | y
2.5 — SM + Signal @ 800GeV —— — — b —
2; 10 2*
150 @ 100 fb-!
C ] 900 GeV reach
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10 if:ﬁ"ﬁ,,,ﬁﬁ:ﬁ::ﬁﬁﬁiﬁﬁ:ﬁ::ﬁﬁﬁﬁﬁ::ﬁ:ifﬁ:ﬁ::ﬁ:ﬁﬁ:ﬁ:ﬁ:iﬁﬁﬁﬁ:ﬁ::ﬁ:ﬁﬁ:ﬁ:ﬁiﬁﬁﬁ:ﬁ:ﬁ:ﬁﬁ::ﬁ:ﬁf:ﬁﬁ:ﬁ:ﬁ:ﬁﬁ:ﬁ:jﬁ:
0 ey e Ty B :ﬁ"“,,ﬁ‘fﬁf‘ﬁfﬁ‘fﬁﬁﬁ‘ﬁffiﬁfﬁ;fﬁ‘ﬁﬁfﬁ‘fﬁﬁﬁ‘ffiﬁff‘ffﬁ‘ﬁfﬁﬁ‘ﬁﬁﬁﬁ‘ffiﬁﬁfﬁ‘ﬁﬁﬁﬁiﬁfﬁ‘ffﬁ‘ffiﬁfﬁ‘ﬁﬁﬁﬁﬁ‘ﬁff‘ﬁfﬁ%ﬁfﬁi,ff‘fﬁf‘ff%ff‘ﬁfﬁﬁiff
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M, ;.. (GeV) M, (GeV)
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about q=-; singlets

» E¢ model introduces new particles:
SUc(S) X SUw(Q) X Uy(l) C E6

*one iso-singlet quark per family :

“ Jug,dg,Dr,Dpg ‘L yCRySRySL,OR E ,1r, DR, By, BR
d; S br

Assumptions:
|. In-family mixing bigger than between family mixing

2. D quark is the lightest, like SM: most accessible in LHC
3. Ee gauge bosons heavy & don’t interact w/ SM bosons

D — Zd D — Wu
BR  33% 66% if there is no Higgs

25% 50% if Higgs is light
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ed-D mixing leads to dDh vertex at tree level

Higgs search & q=

—Y3 quarks

~

o this can be exploited for a double discovery: light H & D

e pair production mode considered for ATLAS using FastMC
e mp =250 -1000 GeV range scanned
mp=250 (500) GeV

Dy Do BR expected final state
D—hj| D—hj | 0.029 (0.053) 27 47
D—hj| D—Zj | 0.092 (0.120) 27 279y 21
D—hj| D—Wj| 0.190 (0.235)

ézsoo:— +  €Xamp le: éssoof— +
S o JLumi=I10fb}) s F 7
g ooo:— - mp = 250 G@‘/ §30005— ST
g - tmpg = 120 GeVf %2500:— +' .+
s1s00F & w 8 r
i A 2000~ e
1000 4 }h 1500~ | N
L e o e
[ a 10005 - -
500 & "y o — o
Cf 500! N "
. T YOI T Y N s A T T T by
0 100 200 300 400 500 600 700 800 9001000 ® 50 100 150 200 250 300 356400

MpD Gev

My; - ; (GeV)

e 50 Higgs discovery in
DD—Whjj channel can
be made using 100 fb-! if
mp <700 GeV

e [f mp<630 GeV, this

channel becomes as

efficient as h—yy.
(i.e. 8¢ in 100 fb!)
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NeW quarks q=2/3 singlets

¥predicted by: Little Higgs
#produced as: single from W exchange
¥decay via: boson + (t or b) jet

*Fast MC based study
*function of T quark mass and t-T mixing
*all 3 decay channels studied.

Zt — Lllvgy

Events/40 GeV/300 fb "

N

500

1000

ATLAS

Events/40 GeV/300fb

1500 2000

Invariant Mass (GeV)

400

qb — q'T

Wb — Zij

SOOE
250§
200§
150§
100§

50F

350

ATLAS

500 1000 1500 2000

Invariant Mass (GeV)

— ¢ Wb (ht, Zt)

T is observable with 300 fb!:
*up to ~2.5 TeV via Wb,

‘up to ~1.4 TeV via Zt.
at maximum T mixing
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New quarks doules %

¢predicted by: DMM

#produced as: pairs from gluon (quark) fusion

¢decay via: W + jet (no FCNC) PP — UqUyg OT d4d4
*Fast MC based study
*scan new quark mass
*results for 100 fb~! shown

_I_ = 20000
(]
Uy — W™h 5 |
:
&) 2 15000 —
8 20000 J: total background § B 1 Signal + background
~ LR ot 3 mg pp >t
% \ w EE — W + jets eIt = ## pp > dyd,
> 15000 — B
a8 #E pp—>u,u, B
B 5000 [—
10000 — *610 signal from 320 GeV u, | R
130 Signal From 640 GeV Us 0 SRR o
5000 200 400 600 800
m 4jb(GeV)
0 e RN .broad Signal 01- 320 Gev d4
200 400 600 *Exact knowledge of BG shape needed
mjjb(GeV)

new studies for other CKM mixings done, but not yet made public.
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divertimento

2

Invariant Mass for d,

signal+BG

signal
—— VWjj (V=2Z,W)
WWhbb
WWhbbj

#q, candidates / 25GeV / 1fb™
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@ CPV source (for BAU)

= 3x3 CKM is 10!° too short to match WMAP data
= new quarks of (300) 600 GeV would give (10'%) 10'> more CPVieen —ns

e Alfternative EW symmet

= 4™ generation fermion condensate can play the Higgs role

= 5D AdS, K.K. excitations of gauge bosons interacting w/ 4th
generation fermions => Yukawa couplings & mass hierarchy

e Fermion mass hierarchy

= observed masses of fermions in the first 3 families arise from
perturbations to a flavour-blind 4x4 mass matrix.

® Dark Matter candidates

= hadrons from stable t', V', additional fermions of spin-charge

unification models

300 400 500 600 700 800

ry breaking

12

L T v L] M L M
CDF Run 2 (2.8 fb")
.
Preliminary
Sl ) = -
o
; m(t')=450 GeV
107k l 4
+ observed
4 OD L tl .
top I—
W+jets
10-1 L QCD
M | M 1 1 M 1
0 100 200 300 400 50(
M oo (GeV)
OO0 06 X OPUCEM [User:erkcan, Host:pb-d-128-141-140-78.cern.ch] Compiled GUI
— OPUCEM Inputs —OPUCEM Outputs
4th gen. parameters OPUCEM Analysis Started on Tue May 11 11:36:23 2010
ud [GeV] 490 A Dirac type -» 5 = 0.248096 T==0.179915RR= 4.6829 (when: ud4=490.00 GeV, d4=!
] Dirac type -» § = 0.248096 T==0.187666RR= 4.2967 (when: u4=490.00 GeV, d4=!
d4 [GeV] 550 Al Dirac type -> § = 0.248096 T==0.212470RR= 3.4152 (when: ud4=490.00 GeV, d4=!
= Dirac type -> § = 0.248096 T==0.249676RR= 3.1049 (when: ud=490.00 GeV, d4=t
v4 [GeV] 550 2 Dirac type -> § = 0.248096 T==0.299285RR= 4.5800 (when: ud4=490.00 GeV, d4=
—_— Dirac type -> § = 0.248096 T==0.328739RR= 6.4772 (when: ud=490.00 GeV, d4=t
e4 [GeV] 550 2 Majonara type -> § = 0.249052 T==0.328731RR= 6.4540 (when: ud=430.00 GeV, d4=
h iGev ! Majonara type -> § = 0.253121 T==0.327521RR= 6.2765 (when: u4=490.00 GeV, d4=!
[GeV] 150 55 Majonara type -> § = 0.260610 T==0.308056RR= 4.9936 (when: u4=490.00 GeV, d4=f
N4 [GeV] —— Majonara type -> § = 0.264054 T==0.283908RR= 4.0761 (when: ud=450.00 GeV, d4=
850 3 Majonara type -> S = 0.267209 T==0.248452RR= 3.7886 (when: ud=490.00 GeV, d4=t
|sin_34| W: Majonara type -> 5 = 0.270106 T==0.201198RR= 5.2614 (when: u4=490.00 GeV, d4=f
- | Directory out/Tue May 11 11:41:49 2010 i3 created.
Printing... |
T-S plot has been saved as PNG.
nstan
Constants al T-5 plot has been saved as FDF.
mZ [GeV] 91.1875 < T-S plot has been saved as ROOT.
al T-5 plot has been saved as EPS.
Logging content is printed.
A Done.
115 5
mtref [GeV] 1731 2 < | i

projects.hepforge.org/opucem/
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New Leptons

¢predicted by: Fourth family, E¢ GUT, technicolor..
¢produced as: pairs from gluon (quark) fusion
¥decay via: boson + lepton

*Fast MC based study
*function of L, Z' mass

@ 200
Q @ — High Luminosity
2 owo [ C 7 = 1 Lo JIMINOSILY
t i onstant 371.0 O . (L J -
M 490.1 - a
Si;:c:a 2829 f:) ' - L—=>ul
o - Seof M(Z)=0.7 TeV
.(T‘) 50 —_—
" 40
400 |~ cc) » L
o
30 - ," ‘n 0 o
/ @ 100 fb!
- A 8 E 800 GeV reach
background '[ \ 3 -
;’ \ s I _ « ~| Higher Z' mass
<] _ « U )
4 e \ increases the L mass
| | L. | | | R
L - J (v 200 400 600 800 1000 1200 1400 reach: Z =2TeV,
L=1TeV accessible

M .':,L-'.7c.x:: (Gev/c?) Ml. (Gev/cz)
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Lepto-quarks

¢predicted by: GUTs & composite models

,. produce.d as: pairs + single Fr?m 9-9 (q) fusion e

‘;dQCdy via: e(typel) OT V(type2) + Ilgh'l' Je'l' GW‘WJ gzgg T m
R _ple_ g . - - 10

*Fast MC based study for Scalar & Vector LQs Yo , ZZB)‘

. : 8. 9QQ)f-»-" ]
Coupling K, A=e (for V) 0" i
= ' ! ! e TR R R
- - ] A-— 2 . 1 "\:-' Y :;_ - -
*| Q-mass scanned &5 pHEreH ~ 0 Y
g ~ 1
q «—L——
4 :
E [pp —>LO+L0 —>qe’ ge” Cuis 10 3
g Lpp L0+ —> ge’ e P %00 Gev C e VIO Type 1
& A Me=750 Gev T - r Lo Tone |
 10°F Py > 130 GeV i —— ot Typed
g n <2.5 ] : LU Type 2
E HT =1000 Gey Tﬂ E LC T:;F:f.' 2
-4 C
S 10
@
0l @ 100 fb!
: : "";"}:;‘:';'%%‘.ﬁ-.n-.-«.l._-_ e 1.2 TeV reach for S LQs
g A Sealar L0k
S GROO0OCK 1.5 TeV reach for V LQs
10 F
------ Z+)ets C
M s ]
8 e ey, —Total bg
T U R R AT s 1 | | | L L P
300 400 500 600 T00 800 900 7000 7100 1200 400 600 800 1000 1200 1400 1600 1800

Mass (ej), GeV Leptoguark mass, GeV
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SM to BSM

Super Symmetry

Fourth
Family
composite
models

GUTs » Gauge group structure

\ * gauge bosons as force carriers
Gauge G -

— bosohs
Little
Higgs

ADD

RS Model -



New bOSOhS W'/ Wh
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#predicted by: SO(10), Es.. GUTS, Little Higgs, EDs
¢produced as: s channel from g-q" annihilation
¥decay via: top-b qq’ — W' — tb — fvbb

*Fast MC based study
*W-W4 coupling via cotB
*Wh mass 1 & 2 TeV considered

Discovery plane for 300fb~! data

W, —tb
R Ms/\B>5
..F.l 800 W, th $>10
= : signal
s ™ B st compare to Wy —ev
o B00— [ reducible backg
g from | SN-ATLAS-2004-038
i
a 400t
wl
200 : :
E Discovery reach is
: 6.5 TeV depending on
?ﬂﬂ GO0 200 1000 1200 1400 1:‘1ﬁﬂ {G;?f“:l? -|-he W-WH miXing-
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New bosons: Z’

¢predicted by: SO(10), Eec.. GUTs, Little Higgs, EDs
#produced as: from g-q annihilation

¥decay via: fermion pairs

» Dileptons (ee, UU) provide a clear search channel
» Current lower limits: 700-800 GeV from Tevatron
» CMS example of 1.5TeV Z’ from electrons (clean

signal)

D ¢ L S o o o e e e
N L

§ L

]

o

S

=

93 135 14 145 15 155 1.6
2
M (TeV/c))

10°

Int. luminosity (fb™)
-t (e)

-
<

1072

—— CMS Z’ discovery reach with dielectons and dimuons —

L
L Ly
= zee S Ly
- v
R
- Zssm Zssm
ee
E_ ZS'SM--E] ----------------------------------------------------------
................ Ao 5.0.discovery lines..

______________________________________________________________________

Z'ssm: same couplings as SM Z
Z'y: From E6

K|

|

1 2 3 4 5 6
Z’ mass (TeV)

LHC will allow ~4.5 TeV mz’ reach
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leptophobic Z'

»Z’ that couples to hadrons only, hadrophilic

» Could explain 2.80 discrepancy in A°rs (world average)

» CMS search w/ full simulatioq\for

oZ) =2 ..3TeV

* Model independent search

Discovery up to ~3.5 TeV possible
using data from [Lumi = |0fb-!

(pb
S,

—
o
[\

—_i
o

107
107

o0ss section * BR * Acc.

10°

r

C

10

Z' — di-jets

.,
*
’,
2y 0
0
23

Excited Quark
Axigluon or Coloron
E6 diquark

Color Octet Technirho
RS Graviton (k/MPL=O.1)
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but which Z" ?

» Once discovered (!) how to determine
which particle / model:

O particle identification from spin is “easy”

® model identification from Arg

&

—(1+ cos®0) + App cos 6

SH
Q
o
N
>
0.0)

&

3000 GeV Graviton (PYTHIA) |

103_

spin 2

y2/ndf  52.41/38
aq 47.66 = 1.28

99 60.58-1.31

3000 GeV Z' (PYTHIA) |

-1 -08-06-04-02 0 02 04 06 08 1

LI cosH

Z—» T |l::"| ':|!:"I' T
0 = d LRM T
pl-|q| R 1 B _
@ i 1l L
Aoy — r—ls g s o TRT
FB = Tp i 1 D -
e | v VAR
o I AN
Ars : coupling dependent, e | L
predicted by theory S | [ gl
o i i 1
g8 | =kl U -
g oo | ] % AT
;LLRM'_“" T v o wia00 b
PR IR LN DT
06 04 -02 0 02 04

* w2 ndf 6513/ 39
Spin1 32,17 = 0.45
102 n
in |

-1 -08-06-04-0.2 0

0.2 04 06 08 1
cos H‘

1 Z' =3TeV, [L=400 fb"'

not so easy!!

(for some models)
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Various E¢ Z's

20

» From Eg down to SM , but how?
e E6—>S0(10) xU(1)yy—SU(5) xU(1)yxU(1 )y
o E6—SU(3)CxSU(2)LxU(1)y=xU(1)n=SMxU(1)y
» Available neutral bosons: Zy | Zy  Zy
» Define mass eigenstates: Z', Z"
o I'=12Zycos O - Zysin® && Z" =7y oSO +Zy sinb
» 60=0: Z'y,
» 0=-n/2 : Z’X
» 0=-arcsin( V3/8) : Z'y

» How about W’ ?
e E6—SU(3)cxSU(2) . xSU(2)RxU(1)xU(1)c : Left-Right symmetric model
e E6—SU(3)CxSU(2) xU(1)y=xSU(2)xU(1)’
— each SU(2) introduces W=
o selected breaking down of Ees to SM determines the predicted particles & couplings



New bosons =
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¢predicted by: RS, ADD models
¥produced as: from g-q annihilation pp — ™ /Z™ — (T ¢~
¥decay via: lepton pairs

*FULL simulation based study

*3 Parameter sets to reproduce the
fermion masses & mixings (A, B, C)
*only electrons were reconstructed

£ =100 fb~?

102 By

[y
o
T T T 77

—h
TTTTIT T

Integrated luminosity (fb1)

—h
S
T

Discovery reach is about 6 TeV depending
on the model for 100fb data.

102 g

Number of events/100 GeV

344\\\‘\\\\‘\\\\‘\\\\‘\\!'\'1\‘\.‘5'3\:'1—\\\\
1000 2000 3000 4000 5000 6000 7000 8000

Mgg (GGV)

10,
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SM to BSM

22

Super Symmetry

GUTs
Gauge G
Little .
Higgs P EW Symmetry Breaking
\ * mass via Higgs bosons Dynamical
P ngmgtry
-, new scalars | w\!ﬂy— reaking
~> :
Technicolor
ADD

RS Model Models



New Scalars =+
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¥predicted by: Little Higgs, LRSM
¢produced as: pair via gq-q annihilation & single via W fusion

¥decay via: lepton pairs
*Fast MC based study
*Wtr & A** mass scanned for min 10evts

*e,u & T channels separately studied
*results for 100(a) & 300(b) fb! shown

pair production reach 1.1 TeV

M, (GeV)

M,.. (GeV)

) ) N
single production reach ~1. 81;?0\/ depending on mW Aol o (17 i 6 @) 4 [opians
“a 14f : 4500§ b!
é i 1600 {3500 4000"
- 12_ , - 35005
> g 1400 1 :
& 10 S i U —~ 3000
o S .. > 3 |
o~ = 1200 3 O 2500F
-~ & L _ ~— F
*E X : 0500 s = 2000
] 1000 :
4 [ 1 1500F
w i —2000 -
i 800~ 1000
’mj_‘ : —1500 5002
T i P T T T T [ S T A ST AN Lo | o Loy v b by
Eﬁo ‘Toojﬁf{zTﬁ ”1*4‘06 0 500 1000 1500 2000 0”600 800 1000 1200 1400

M A (GeV)
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NeW EWSB no scalar

¢predicted by: Dynamical SB models, technicolor
#produced as: from g-q annihi

¥decay via: boson pairs
l:

*Fast MC based study
*Scan pt mass for different mit

Discovery with 30fb~! data possible
depending on model parameters

entries / 10GeV/c

n

Mpor = 220 GeV/c”

atio

2

Mm, = 110 GeV/c?

Moy = 500 GeV/c?

Mp; = 800 GeV/c?
0%

10'17 Ll ﬁ rﬁlﬂ .
0 100 200 300 400 500 600 700 800 900
M (GeV/c?)
RS .
N M7, = 300 GeV/c
(b}
) 10 =
o
\ 1L
o |E
0
< B
_E 10_1 Ll F:H:ﬂltﬂl:‘:n
® T 100 200 300 400 500 600 700 800 900
M (GeV/c?)
“{ 102 2
= M7, = 500 GeV/c
3
S 10
~
w =
0 =
A &
E 10_17\ Ll
o 0

100

200 300 400 500 600 700 800 900

M (GeV/c?)

1000

1000

1000



New EVWSB susy
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#Give up the (so far) observed “spin” asymmetry
between matter and force carriers: s-partners
for all SM particles

e solves Fine Tuning, DM.. problems

¥#SUSY not observed: sparticles heavy: broken
symmeitry

¥Rich phenomenology (even with Rparity):
o large # of parameters: >100 in MSSM case’

25

Normal elementary particles

Cae™
Cot et
€eVe® "
OQQ‘;Z v @
Higgs particle:
w Quarks
@ Leptons
Super-symmetry § Gauge particles

(SUSY) particles

e many SB options: MSSM, mSUGRA, GMSB, AMSB..

#Common Properhes: \ has 5 Parameters\‘ has 6 parameters

e cascade decays of sparticles o high pr objects ,

o stable LSP escapes undetected: large Er™ss .

%

Look for: jets + Et™ss and leptons +jets + Eq™ss

#parameters=124 given in SN-ATLAS-2006-058



New EWSB msucra

¢mSUGRAs LSP is DM candidate
emodel should be consistent with WMAP data X1

¥R parity imposes pair production pp — G g _ ~+§b
g— x tb
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*Fast MC based study
*my/2-mo parameter space scanned

qg — XOtt

jets + EqMiss

ISAJET 7.71 m, =175 GeV, tanf} = 54 A=0 GeVu>0

<1000

| Invariant mass best selected tt pair |

A : -1 S P T T
S om- - . S = B susy
€ 8005— """ | [ERRE ------------------------------- 8 Y B SR HESSSOUO S tt
7001 | medecdin, =4 A
= o o BB i S
600 :_ e R S q:, : : H
= >
500 ;_ ............................................. e w """""""""""""""""" 7 O s|gn|ﬁcanCe
400;_ ......................................................................................... Wl.'_h lFb_l OF da.'_a
200k S/ a .l_lowe_.d‘___re_g.lo.n L
2oof Q>QW|\/|AP ________________________ |_.
100 E ................................................................ = LEP eXC|Uded .
E : : : Q<QWMAP 1 i TR L I 1 I i 1 TR | I I I i I I I | I
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#Susy breaking scale close to weak scale
oLSP is gravitino, FCNC is suppressed

¥Reference points with different model parameters & NLSP

*Fast MC based study @ G3 (NLSP is stau)
*G3b: NLSP is quasi-stable

*G3a: NLSP immediately decays 4~ X1,29 ™~ tlqg — 7(7)llg — GT(7)llg

leptons +jets + E{™sS

Negligibly small
2000 'SM background 0
S 0 H[ Excellent signal with S [ 2’;2; .
QL300 few fb! in both cases B o = | P
!:: B inCL.']J J §: B
Emw - G3b: smj detected in G3a: stau decays § © |
" the muon chambers before defection ™ -
500 - - but dips can be o
| f e —
- o | calculated & fit: N I'J HH Hﬂﬁ E
_||||||||;|J||||||||||||||| A N !
" o5 o5 10 1025 103 Mmer = (g .+ M2 0 20 40 60

Mass(GeV) ' Voo te ' Mass(GeV)
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: SM to BSM
Fourth
Family
new quarks  new leptons  lepto-quarks consr;ﬁvtzents C?nngpdoesllste
GUTs
>
b
0 Gauge G
= auge
& bgosons
) .
- Little
a2  Higgs
A
Dynamical
S try
2HDMs aking

Technicolor

ADD
Models
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some ED concepts

» Large Extra Dimensions (LED,ADD):

- compactified, flat Arkani-Hamed, Dimopoulos, Dvali
- Mp2~ R, M52+n’ Ms: string scale Phys Lett B429 (98)
- Graviton in bulk

» TeV-1 ED (DDG):

- Mc : compactification scale Dienes, Dudas, Gherghetta
- Gauge & Higgs bosons in bulk as well Nucl Phys B537 (99) \
. . \
» Warped Extra Dimensions (RS): L '
- 2-branes solution: RS typel = \ <
\

- k/MPI, k: curvature, warp factor ikl Sl Bulk
- narrow spin-2 resonances: Graviton Phys Rev Lett 83 (99) / ulk (y) .

» Universal Extra Dimensions (UED):
- KK-number conservation

- Mc and cut-off scale A
= Appelquist, Cheng, Dobrescu

- All SM particles in the bulk Phys. Rev. D 64 (01)
- Lots of KK spectra (similar to SUSY signatures)

G2 n, Mc, R : model parameters



E D S graviton

¢predicted by: all ED models
¢produced as: from g-q annihilation, g-g/g-g fusion

¥decay via: - (stable) 99/9q9/9q — gG
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S0 oo g *19-4G ° g9 — gG
*Fast MC based study & ! I 4 1 g g
*HEDs=2,3,4 & ED scale scanned . [0 “, T My
q- *G 9 G q L Ye.
% E . T
b4 Vs =14TeV
3 0o  iweewy, wiun)
& L iwe
10°: DjZ(vv)
.'..".. == total background
v ..’- ® signal 5=2 M, =4 TeV
- O signal 6=2 M, =8 TeV
1032 _ o A signal =3 M, =5 TeV
m signal =4 M, =5 TeV
10 2L
Mparg) (TeV) | §=2 | 8=3 | 5=4
o 30fbL 7.7 |6.2 |5.2
! 0 H‘ ‘25‘0‘ - ‘50‘0‘ - ‘7‘50‘ - ‘10100‘ - 12‘56 - ‘15‘(;0‘ ‘Q*r:;SO ‘ 2000 100fb-1 9'1 7l0 6l0

ETmiss (GeV)



E DS Excited gluons
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Events/40 GeV/3 fb™

¢predicted by: TEV-! EDs (DDG)
¢produced as: from g-q annihilation qq — g* — 11
¥decay via: heavy quark pairs — bb

Events/40 GeV/10 fb™

ONNANSY

i T R *Fast MC based stud e

- g*—bb = y £.q g fE) f /
1000{— : : %

: - : | *g™ mass scanned [1..3] TeV /

L D Signal
800 [l Total backg 0.7 {
- - Reducible backg / - -
400
200

f0 600 800 1000 1200 1400 1600 1800
m,. (GeV)

i3 P gttt
600

E D Signal
500~ - Total backg
400 : [ Reducible backg
300
200 : : 1o 500 1000 1500 2000 2500 3000 3500 _ 4000
100; : M (GeV)

20:0 600 800 1000 12:00 1400 1650 ‘1800 300 Fb_l a“OWS reaChing 3.3 Tev Will-h 50-

m. (GeV)



{ISTAPP 201 |

Warped Extra Dimensions

32

Randall Sundrum (Type 1)
» Brane metric scales as function of bulk position
» Coupling constant:

c= k/Mp,, k: curvature scale

» Well separated narrow-width graviton mass
spectrum with masses

mn=kxneerTr (J | (Xn)=0)

0.20

 J I T T T T I T T T T ] T T T T l T T T T

Tevatron

2
IRs|<Mj P
0.10 -
4 >
0.07 Allowed Region /’ g
_ A,<10 TeV D
= 005 / LHC 2
3 - -
-1 g
0.03 !_ _IOib_ | 100fb-! <
i
o
/ T
0.02 Oblique Pgr/'ameters
/
V'
hep-ph{0205106 < 1

L 1 1 1 I 1
1000 2000 3000

m, (GeV)

0.01

4000

/
L .
\\\\ 1
-] ity
7 \l 2 f?(;tﬂ%\
Bulk (y) Ourworld e

\ 4

ds’ =e?™n dx"dx" —dy’

c>0.1 actually

10»10 Lllll LlJAlA[ll lJLlll[ll..‘-"Jl

forbidden B e e i




TAPP 201 |

¢ U-Blackholes

® Arise from models with ED

S

e Could be produced when E-y > Mp,

e Need QT of gravity as Mg, approaches M, .
_ Formation |_
e 0~ TIRZ ~ | TeV2 ~ 108 m2~ O(100)pb Mgt = VS |
e LHC could be a Black Hole Factory with Parton
rates as high as|Hz. !
1
\ R, /
104 ET 1 T 3 \\ /
= ; \ //
Mp, = 1 TeV = Parton '~ - 2GM,,

. YR form factor 6 ] R, = 2

E 10° n =4 3

> E - g ] If the impact parameter of a 2-parton

L w0t collision < Schwarzschild radius R, then a

2% . black hole with Mg, is formed.

T 100

~

b

© 1071

= Webber et al, 2005 BH from LED, possible
_2 _I 1 | 1 1 1 1 | 1 1 | 1 | | | | | AI from RS as We"
10
4 8 8 10

Mgy {TeV)
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: UBH Detection

» Distinguishing features
e BH lifetime ~ 10-?” — 10-%> seconds!

® Decays with equal probability to all
particles via Hawking Radiation (roughly a  Democratic Decay
blackbody spectrum)

 High Multiplicity, 2E;, Sphericity, MP

® evaporates into (hadron :lepton)=(5: 1)
accounting for t,W, Z and H decays

6
10 1 T T T | 1 T T T I T 1 T T I

Harris, et al. :
2 : P_ > 600 G2V)
10°]  JHEPOS5 (2005) 053 B2 0D 1
4  SUSY (SUGRA point 9
10 E
; ___ 5TeVBH (n=6)

5 TeV BH (n=2)

Arbitrary Scale

N=6 gives a larger yield
than n=2

il

1 1 l
2000 3000

Missing P~ (GeV)

J. Tanaka , “Search for Black Holes”,
Giddings,Thomas PRD65(2002)056010 24/05/03 Athens
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Summary

"¥LHC experiments have very rich discovery potential for
BSM physics.
#Concentrated on a small selection of BSM possibilities;
esome models (e.g. micro BHs) not mentioned,
edifferentiation between models not shown,
eboost to standard searches from BSM physics not shown.

#0nly summary results shown
eFrom scientific or pub notes, mostly published
eMostly from Fast MC simulation results (next week more on MCs)

¥Experiments will tell us which model is closer to the truth

mmmmmmmmmmmmmmmmmmmmm

plage

Higgs particles

Constantes de cou

nnnnnn

particles



» Back up slides:

X a few slides about
Higgs Searches

Xa few words about susy
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. Higgs production
<
%
M. Spiras programs + CI'EQSL, SM or tan=1
3_ * L ' | bt bl bt I T 177 ] LI L T T 1T l LB LB T | Jxd jxat )] | T | pt_ b bt | I TTITT T T 17 I:
= i i
b 10 L gg — H .
T ' WH \BF: qq—qq H E
- -1;_ B\ N » qq—;qq ZH y
10 -? = — . qq.:"gg—,[t H/A
10 -}_Ll l el el el L Al l | ... J Al d l .- 1 Ll . l A L b - ._l l l-l A . 1. 1'
100 200 300 400 500 600 700 800 900 1000
M, (GeV)
?j’U'Ug A q ‘:‘I/ - =)
” £ B o o
gg fusion R >— - VBF WW/ZZ fusion
a’,q - q”, q
! (c1) (©2)
- 2%
associated o= < waz :P"” associated WH, ZH
ttH q \W, =z

T
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Higgs decay

2011

1
2

l 0 :'__ ,': :': l:- _:

50 500 1000
M, [GeV]

H— vy

ttH, H —bb
§qqH,H 21T VBF
H 2ZZ (*),Z %4 ¢ Golden discovery channel

A

Low mass

High mass

qqH, H =>WW(*) VBF



Low mass searches
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—

. . 2 : ~10-3
1. H=vyy S/B ~0* despite BF~10 H = v

2. ttH (WH,ZH) with H — bb (b-tagging, 4 b-jets) ‘
DIFFICULT due to systematic errors
ttH — t+ bb — b/v bjj bb

3.qqH — qqtT VBF : jets over ini<5 forward jet tag +

central jet veto for 1 ID

qqH — qqt
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The golden channel

130 < my, < 700 GeV
H— ZZ") — 4 |leptons

g Lde=sen? 5 BT Discovery with less than 10 fb! for
= (no K-factors) A H — 77" S5 41

= . = Fegel 130< m < 160 GeV, 2m_< m < 550 GeV
- 102} = qqH — gqwWw”

i_:L - A qqH — qqTt

} — Total significance

10
combining various channels for mMuiggs<200GeV
b exclusion from LEP and Tevatron shown in shaded
1 A P P EEPUEEPE B P areas
100 120 140 160 180 200

v xrrl2
m,, (GeV/ieT)
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GMSB susy 4'

(Fg)

- -~

PRET— > Masses of the gauginos are
B.W.g \ produced via couplings to a

U :k ): T massive messenger sector

-

arameters (general model has 124):

N\: Breaking scale

M: Mass scale of the messengers

tan3: Ratio of Higgs vacuum expectation values

N: Number of messenger chiral supermultiplets

sign(M): Sign of the Higgs mass parameter

C.... Scale factor of the Gravitino mass - lifetime of NLSP

grav*

20\ 20 20 20\ 28\ %

REF: Mark Terwort



MmMSUGRA !

o
~
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<
I—
e

»5 Parameters 500 - G\ .
~.f;
*mo : scalar mas = =
8
°*my, :gaugino mass
= ~
. a0 | &
* AO : H sf sf couping const. 3 Tl
*tanf : vev ratio of 2 Hs R
*sgn(M) : sign of H mass parameter [ u
i T S T
Log,n(Q/GeV)

Ref: Gilly Elor and Andre Bach



