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BSM Physics at the LHC: pp @ 14 TeV
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Example: Di-lepton Resonance
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New Z' Gauge Bosons
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e Low lumi 0.1 fb-1 : discovery of 1-1.6 TeV possible, beyond Tevatron run-11
e High lumi 100 fb-1: extend range to 3.4-4.3 TeV




< SLHC: New Z' Gauge Bosons

Z" mass (TeV) 1 2 3 4 5 6 | |
o(Z e e )(fb) | 512 [ 239 | 2.5 | 038 | 0.08 | 0.026 | With Z-like
T, (GeV) 306 | 624 | 942 | 126.1 | 158.0 | 190.0 | Ccouplings

S. Godfrey
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Little Higgs Model A, and Z2,,

Littlest Higgs Model

Signal : di-lepton resonance Arkani-Hamed et al., Han et al.
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Extra Dimension signals at the LHC

____—A

Graviton production!

Graviton escapes detection

Signal: single jet + large missing ET

> @ 14 TeV, 100 fb™
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< Number of Extra Dimensions and My

Can one disentangle & and M, To characterize the model need
at the LHC? to measure M, and &
| Measurement of cross-section gives
Cross-section = LM ambiguous results: e.g. 8=2, M= 5 TeV
Mp ™ very similar to 8=4, M,= 4 TeV
M, = gravity scale ,
& = number of extra-dimensions Solution may be to run at different vs :
0z
8ig |
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Further ideas: use topology (Spiropulu, Lykken, ADR)
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Randall, Sundrum, PRL 83, 3370 (1999)
ds? = e-2klyl N,y dx* dxV - dy?

you are
here

Planck brane
ant - de Sitter

space

T TeV/SM brane

phenomenology
y=0 _ >
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k ~ curvature y=nrq .......<
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:_ Signa|+ o | Discovery Limit of Randall-Sundrum Graviton: G — ea |
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Randall-Sundrum EDs

_____-A

We observe a peak in di-lepton spectrum
Is it a new gauge boson or a RS KK excitation
= Study the spin of the object: spin 1 versus spin 2
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Jt = 100 B!
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N/100 GeV/3000 fb~*

N/100 GeV/3000 fb~*

TeV scale Extra Dimensions
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LEP: M >4 TeV (indirect)
Sensitivity of the LHC
N e Direct up to 5.8 TeV for 300 b1
5 e Indirect up to 13 TeV for 300 fb-1

\ How to distinguish from a Z'?
: E.g. use Forw-Backw assymetries
T. Rizzo (hep-ph/0305077)

J.
1000

12



CMS

Randall Sundrum model
e Predicts KK graviton resonances
e k= curvature of the 5-dim. Space
e m; = mass of the first KK stat
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SLHC: Extra Dimension Scenarios ?

TeV scale ED’s
e KK excitations of the y,Z
ee

10 E

Events/50 GeV/3000 fb™’

—

10k it
E 1 | il 1 1 | ”ﬂlJJM| mh 1
2000 4000 6000
m, (GeV)

100—1000 fb-** Increase in reach by 25%

Direct: LHC/600 fb-! 6 TeV
SLHC/6000 fb1 7.7 TeV
Interf:SLHC/6000 fb-1 20 TeV
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Compositeness -

J§ <<A : contact interactions qq — qq

2-Jet events: expect excess of high-E; centrally produced jets.

{5 1 [vs=14Tev M;>6.0 TeV P 28 TeV . i > eV
fz‘g L =3000 b * Kmd0TeV UE) . | 3000 fb- f : :Eg 1T_:: B 1_|_| COS e*l
B _ PYTHIA-5.7 A Ay=50TeV S & A —ED Ty —
5o = 1—|cos 6*|
= 0.5 — [
— L '9 0.5 -
:,zg © f 0* angle btw jet & beam
L > - .
o [T Hk, MM‘& . # by bt + If contact interactions
i | — excess at low y
7I L1 1 | [ ‘ [ | [ ‘ [ I

o

5 10 15 20 25 a o 20
X X

95% CL 14 TeV 300 fb! 14 TeV 3000 fbY} 28 TeV 300 fb! | 28 TeV 3000 fb

A (TeV) 40 60 60 ~ 85

« For this study, no major detector upgrade needed at SLHC
(but b-jet tag may be important)
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Msp(GeV) o (pb) Evts/yr
500 100 °

1000 1
2000 0.01

SUSY could be at the
rendez-vous very early on

10fb-1

: f'j ! “=(high) Pt jet
q

— Pt jet

V[ =

lepton

T—

(missing)
Higgs->bb

event topologies of SUSY

multi leptons
E..+ High Py jets + b-jets
i T-jEIS

Main signal: lots of activity (jets, leptons, taus, missing E;)

In many cases: evidence for new physics will be very prominent
15
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Impact of the SLHC
Extending the discovery region
by roughly 0.5 TeV i.e. from
~2.5TeV —» 3 TeV

This extension involved high
E. jJets/leptons and missing E+
= Not compromised by increased

m,, (GeV)

pile-up at SLHC

§upersymmetry Reach: LHC and SLH

5c contours

3000
miss
CMS E; + jets |
= - %
2500 £ / :
v /
- /
ts /
E /-
2000 - / ;
B . gawon) 7
=] !
E !
(%]
>
@
1500 | =
S
2
=]
2
=
1000 ;
/s =14 TeV : 100 fb™', 200 fb™ 14
:
/ tanp=10 :
500 —
0 500 1000 1500 2000
m, (GeV)
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Supersymmetry: inclusive signatures
|
~0 :
WV Cuts:
V, 2 same sign isolated
~+ c o c
7 d muons, 1 or 2 jets and missing E
pp — ga + X set | muss. E7, GeV | ETjet;, GeV | ET jetq. GeV | Pr,,GeV | Pr,,, GeV
l_>t t 1 > 200 >0 > 170 > 20 > 10
~+ 2 > 100 > 300 > 100 > 10 > 10
L’Zl b
I_N/u 20 test points inspired by M. Battaglia et al. hep-ph/0306219
— 7 vV, T : a
5000 J-rerrmmndros b ‘3‘13
: 4631(1111920 : |
Study signal excess expected 2000 L. ________________ S L
over SM background j16
R I B AN S |- ‘\Slgnflcance<5c5
m, Universal scalar mass at GUT scale 1000 S'Qnﬁcance>55 -------------
m, ,» Universal gaugino mass at GUT scale
15'00 Zﬂ:ﬂl) 25:30

Ty 42

‘ ‘A 56 discovery is possible for m,,, < 650 GeV with 10 fb-*
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- Warning: “Background effects”

Old PYTHIA BG = E — 1 \Oldestimate’ " ' ' =
E =
New ALPGEN BG 10 ATLAS TDR =
= - =
ME vs PS 3 10 .
% = S/B>10 =
. =10 gy Slop: Stee |
New estimate.. E1o™ e T
10° § 10 '";._— _;
- S/B~ 2 e g ; =
10° Slop: Gentle i T -
§ / //.r 13 E
i e f&ffW s 1000 2000 3000 4000
All jets - f;,»,/,;:’; 7 M, (GeV) l
Final state " | =77 - — SUSY
- ////;/ /"Vf%(z'}f/’/ — 774 sum of all BG
107 e @ ttbar
f/"f/ S P
0 /’/% M vz
7 " - M aco
1o ~“500 1000 4000 |
Meff (GeV) L5

Mest = =i |pry| + £r

Reach lower?
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SUSY Benchmark Points for PTDR Studies

& :&Q%
4

_____—_I'

MSUGRA, tanf =10, A; =0, 1> D

i 0 200 400 600 800 1000 1200 1400 1600 1300 2000
CMS: preparation for | LT | ' ' | | SN
Physics TDR (2006) 1490 Ftespy < o=122GeY 1400
Ay h"" _,_,-—"’
c? = i
. ol
Important: different 1200 | & = 11200
topologies/decay It _
modes, I.e. on different _ 1o00] 3 | 90
signatures > .
S % HM 1 m, =120 GeV
~ 800 K HM2 K HMS S e T 1800
Selection of 13 Points  © SN N
r x2—>h x1]:>0.5 |
Low mass LM1—-LM9 600 KHMA 1600
High mass HM1->HMA4 |
1 400
“---H_____HHB%r(}Eg—:;zui.?] ~0.5 :
Xz—)xlh 114 GeV * 200 M7
\ NO EWSB :
Not on CMSSM ‘/G/u 800 1000 1200 1400 1600 1800 2000
WMAP lines! Ao 1L m, (GeV)

—=Details in benchmark talk on Monday 19



SUSY studies: Benchmark points

___——‘

LHC: complicated by decay chains for squarks and gluons

500

m VI Ty 100 GeV
——————— - -——==- “ 700 | " ~ %7
- -0 ~ -0 My o 250 {:-rc‘«_
qL X2 r X1 A —100 GeV ‘
[ | tan 3 10 [—
S0 sign p - A 3
30 | 5
Examples worked out for a00 |agog0 1 .
SPSla (point B) in ATLAS/CMS ol A
200 L E‘f;: B .
. in o ’ .
LHC will see all squarks, H,A and o] P—
may see most gauginos
0

ﬁlﬁ?
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Sparticle Reconstruction

Problem y,° measurement!
It escapes detection like
a neutrino!

Use kinematic formulae...

2 2 2 2
e _ VMg~ MEY(ME — M)
e
M?

Don't be afraid of endpoints
(it's kinematics) !

21
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General “Edge” Analysis

Analyse many edges of distributions: - WH{ gll gl m
2D 2 _ .2 g |# L s | f
(_n.z_i')‘-"l%‘-’ _ (?”i_ ???“?)(???f” ”?\:T) émn— +|i+++ %ix gzua:— FH* »f}t
u m{;lr z ! } M / ﬂﬂiﬂm
) w0 & L @ 100p W iy
2 2 2 p) [ | : |
5 \edge (??!W — I?I\())(??I\ — m'ﬁ") b oo b ‘H,T*I o Ih"\
(?nq”) — .n?%() SPSla 0 EOEEHQH {Gewdﬂﬂ 600 ] ?T?L"'“ [Geé"}?o &00
2 2\ (2 2 _
) [_'tlgt_! (l?n-f}b —m S) (In?ig - ';"?E.EH) - Hm’ - 30&:_ ”H
('mfﬂr)min - 7.2 gzon— Hm ql § I H‘mﬂl ql
???i_g;. s | | = 200f A #
RV 2 c | J | s bW
- edae (mg, —m3) (m} —mi) Bl WS
(??qu)m ax - - 2 N ) Iﬁ Yot #}ﬁﬂw H
mfn '*F.. o : #.. ..f't'q‘,« -
N 5 thres B | 5 - 9 - 9 - 9 s | 9 | 9 Dﬂ mr%'c"‘l"‘ (Ge‘gﬂﬂ 600 cD 2Dr§]1Mm {Ge‘j}ﬂﬂ 600
(m.qn) [(mfib + ”'iSJ(mifj — m.ERJ(me m.ﬂj
2 2 4 2 V22 4 om2 )2 _ {fm2 m2 o
—(myg, r? \/ m o EHJ (m;H mi.l.) 16m= [mmmﬁ. - bl M
_2m fmw ??2\2”???\; ms 7 2)]/ (—lr? \21 E : M‘W
Min,max refer to choice of Iepton 2T %\ W"
Lokl
0 200 400 600
mhres (GaVy

Solve numerically equations = derive masses
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LHC

300 fbt@LHC

X9
i\-rnﬂ

: Am.
Takes into =G
account 1% A,
energy scale Amy,

uncertainties

AM values in GeV

..but strongly depends Arﬁbz

4.8
4.7
2.1

SFITTER

on the chosen point

Mass Measurements

____A

LHC/1LC document: hep-ph/0410364

SP51a  StartFit | LHC Apye

Mo 100 500 | 100,03 4.0

1M g2 250 500 | 249.95 1.8

tan 3 10 50 9.87 1.3

Ag -100 0 -9929 318
LHC LC LHC+LC SPSla
tan 3 10.22+9.1 102603 10.06+0.2 10
My 102.45+53 102224001 10223£0.1 1022
Ma 191.8£7.3 19252407 1917902 1918
Mg 57867115 fived 500  588.05+11 5804
Mz, fixed 500 19768412 199.25+£1.1 1978
Mzy 12903469 13566403  133354+0.6 1355
Mg, 198.7£5.1 1987105 198.7£05 1987
Mg, 138.245.0 138.2+40.2 1382402 1382
Mz, 198.7+5.1 198.7+0.2 1987402 1987
Mzg 1382450 13822005 13824005 1382
Mgs, 49531110 497.614.4 521.9+£39 5013
Ms, fixed 500 4204+21 411.73£12 4202
Mg, 522264113 fived 500  504.35£61 5156
Mgz, 550.724+13 fixed 500 55331455 5537
Mz, 529.02+20 fixed 500  531.70£15 5321
Mg 526.21+20 fixed 500  528.90£15  529.3
Mg, 550.72+13 fixed 500  553.32+65 5537
Mgy, 528.914+20 fived 500  531.70£15 5321
My, 526.2420 fived 500  528.90+15  529.3
Ay fixed 0 -2024+489.5  3521+171 -2535
Ay -507.8+£91 -501.95+27 -505.24+£33 -504.9
A -784. 7135603 fived 0 -977£12467 -799.4
My fied 500 399.1+09 399.1+08 3991
1 34521473 34434423 34436410 M43
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Dark Matter

e Fit the model parameters of the assumed SUSY breaking model to
the measured SUSY particle masses — Q h?

e Typical precision:

fh
=
[R]

dN/de2 h™

=
[
-1
th

0.15

0.125

0.1

0.075

0.05

0.025

[' 1

hep-ph/0306219

0 0.

025 0.050.075 0.1 0\1250.150.175 0.2 0.225 0.25
Q, n’

WMAP

Q. h?

M(Z]) (GeV)

86 88 S0 92 94 96 98 100 102 104
| | | | | | | | |

0.2
0.18

016 = jLc

0.14 -

0.1z -

0.1 -

0.08 -
ALCPG Cosmology

Subgroup

0.06 —

ILC: international linear collider
e+e- collider @ 0.5-1 TeV
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Decay chain to h°
4

A2
O

~ -~ 0
g g A2
LHC Point 5
500 _| T T T | T T T T | T ear 32
- I'IE'I_E
- P2 1043
- P3 1223 >
w00 |- . 3 Could be a
_;9 - P& S ) g 80 h -
0 [ M(bb) 1 & discovery channel
O 1 ~ for the hi
& | r |
20 [ ] - H.A M. = 150 GeV O € niggs
ST ] ° tan g = 5
Y AP b ] 30
100 :— 20
: 10
0 L 7 g 250 300 350 400
0 50 100 150 200 bb invariant mass (GeV)
My, (GeV)
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Wgy Endpoints In Different models... ?

my

qll

mqllﬁu-ﬁl

[

p

(i)

(i)

(i)

M gk

Ch. Lester/HCPO5

What different invariant mass
distributions look like for a selection of

plausible supersymmetric models.
( hep-ph/0410303 ) D. Miller et al

Note that some edges are not simple!

m
o]

Q83 Qa2 Q.83 om

New: use shapes, not just endpoints (D. Miller/SUSYO05)
use edges+ inclusive cross sections, Markov Chain techniques
allow for end-point ambiguity (Lester, Parker, White hep-ph/0508143)

26
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An example invariant mass distribution

. _ (2
Consider m,; = (Pw/v g »
i
q ~1)
X2 i
I, ™
2 m?D Mgl my
In—22  dJor fg—i < —4 ~
: (mMaX)2q  m; mMax ~m_g xﬂ
1 dl_ . qﬂf '!H ﬁ"li._lr ’1{2 I
— - 2 - # _rTI-EIx Ve
deq‘_:f 2. i mqff - mr, Myl 1
(mMaX)2q " m, ¥ m-o % b S
qly O X2 aly m2
!
a=1-—- S
T
=0
2

This invariant mass is not easily measurable (just a
simple example) but shows the non-linear edge
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> ATLFAST detector level ?
[P § [Py | )
: B D. Miller/SUSY05
}E Compare
- analytical
o calculations
. with MC
= = |
i i | s::E b |
i i i 7o
Use as

oA guide to the measurement of endpoints
oA fit function to be compared with the observed differential distributions
and extract the masses directly... must understand backgrounds well
There will be more in the LHC data to exploit than used so far
’ , : 1
Here we used extra cuts of lepton P_T Same-colmvlholofic bacglolnt

to try and distinguish the two leptons. remains because we were very
conservative 28



> SLHC: tackle difficult points ?

Squarks: 2.0-2.4 TeV Gluino: 2.5 TeV
Can discover the squarks at the LHC but cannot really study them

Mesr=EP** +> Erjee+ Y Erepton P, >700 GeV & E,s5>600 GeV
jets leptons P, of the hardest jet

eg. Point K in hep-ph/0306219 signal

1035— - K - 30
F 14~ C

250

, 120
10 F r

1or 201

Events/200 GeV/3000 fb™
Events/100 GeV/3000 fb
Events/10 GeVW/3000 fb

10 F

15F

10k

= %] ey [=}] oo
IIIIII|I

1" ] ] | | | | |

0 1 1 1 1 1 1 1 1 1 1 1 L
0 1000 2000 3000 4000 5000 6000 7000 8000 0 500 1000 1500 2000 2500 0 ! : .

M . (GeV) b (GeV) 0 50 100 150 200 250
"’ ' M,, (GeV)

Inclusive: M > 4000 GeV Exclusive channel Higgs in y, decay

_ 1y 90> 14° a9 1,—1,;h becomes
S/B = 5007100 (3000 107 - 5/5 2150730 (3000fb1)  Visible at 3000 fb-1

Measurements become possible |

29
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Events/50 Ge\V/3000 fb ™'

100

Events/50 GeV/3000 b

0
0

SLHC: tackle difficult points

p; of stau

=l
ATV B

500

1000 1500 2000 2500
P, . (GeV)

10
9
o Without stau
: detection
BE
5
1:=__':_:|._
0 .""ﬂﬂ":nﬂnn I I
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M, (GsV)

Dilepton mass 4t—x3—a™

Events/50 GeV/3000 fb~

T2
j-J!rE—L
r."—_i;l”.

eg. Point H in hep-ph/0306219

Squarks, gluino mass > 2.5 TeV
y-stau mass difference small <1 GeV
— Stau lives long

(M2, — M2)(M2 — M%)
Y BB N 447.3GeV

10E
st With stau  ENnd point measurements
i ) detection  are poss!ble Wlth
i3 large luminosity
L
3
2
1 : F I
oF A T
0 500 1000 1500 2000 2500
M, (GeV)

30



> Is it SUSY?

e.g. Cheng, Matchev, Schmaltz hep-ph/0205314

UED=> all particles in the bulk
Phenomenology: a KK tower pattern from SUSY versus UED at the LHC
ED’s which looks like supersymmetry:
Can the LHC tell distinguish?

e Cuts:
¢ E + + E m > 40 GeV (similar with 60 and 80 GeV).

o |nip)| < 2.5

Tools: Cross sections factor 8 higher than

¢ We can recover to some extent the difference in shapes!

SUSY/ spin of the “sparticles”/ No heavy Datta Kong KM (preliminary)
higgses/ mass splitting small/pattern repeates T e
at higher energies... = m -
o0 °*®  Study muon angular - °F p
_ distribution in (approx.) P oL E
b - smuon rest frame R —_— :
600 - 0 - BOO 10— -
3 d b First result looks 13 3
= | encouraging
850 - 1850 Also: A. Bar hep-ph/0405052 e TR u'?m ——
; Iepton Charge aSymmetry Backgrounds? Other tricks? Strong KK production?
A L Tabr |
500 - ° T 00

Studies of spin sensitive variables needed!




A

Z Spin

Look for variables sensitive to the particle spin eg. lepton charge asymmetries
in squark/KKquark decay chains Barr hep-ph/0405052; Smillie & Webber hep-ph/0507170

II L

4 — (Ta)=("q)
ST (Fo+(—q)

L e ey e e s e e O L L L L B

0.2 N

KK like o |
(small mass_—*1 L
Splitting)

gt . v by by e

a) o b) 1
(a) (b)

SPS1la benchmark
type spectrum

Method works better or worse depending mass differences between the particles

More ideas/variables for determining the spin @LHC welcome!
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Recent Studies: Special signatures |

In some models/phase space the gravitino is the LSP
Then the NLSP (neutralino, Stau lepton) can live ‘long’
Eg. x>yt gravitino or heavy (slow) stau slepton

GMSB or
GDM models

Muon
N\gctron
Ha¥gon (e.g. Pion)

Signatures

e Displaced vertices

e Non-pointing showers

e Long lived ‘heavy
muons’ (time of flight)

Tracker

3 Electromagnetic
}:1 ] '] Calorimeter

Hadron Superconducting
Calorimeter Solencid

Iron return yoke interspersed

Transverse slice with Muon chambers
frovah S Challenge to the experiments!
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Long lived sparticles ?

Some of these heavy long lived heavy sparticles will be stopped
In the detector or walls around of the cavern. They will decay after
some time: hours-days-weeks-months...

Some benchmark points with
Lifetime of 104-10° sec are

being studied:
M Nijori at al (to appear)
ADR, J. Ellis et al. hep-ph/0508198

—ldeas: Use the cavern wall or
addition of slepton stoppers in
the cavern (multi-kton object)
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> Split Supersymmetry ?

Arkani-Hamed et al., Giudice et al.

Assumes nature is fine tuned and
SUSY is broken at some high scale

Motivated by cosmological constant
problem and multitude of vacua in
string theory (Landscape)

The only light particles are the Higgs

Higgs mass vs
Log;o(Ms)
/‘ 8 10 12 12 16

and the gauginos (several 100 GeV to vH-Gtoio tifetime
several TeV) - .
Interesting gluino phenomenology. - by
- Gluino can live long: sec, min, years! A ““ 3
- R-hadron formation: slow, heavy ook Glujo Joen diector |, |
particles containing a heavy gluino - iblaced veftex
- special interactions with matter... R e R
1 10° 10 1015

mm [GeV]

Can we detect these gluinos at LHC??...
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CMS . .
é How do these R-hadrons interact with matter? 7
_____—ﬂ

s
..1-?-35{%

Need to modify the
detector simulation

p ——E i —p p —|§—r}>— — ] P —:E——:‘
u_- || p;eggee ugz Pomeron | d_ |,__, guuu=R
R—_“ g _ g_..—R R—':—.——-E—ii—n R—:E__I——_:ffl
(a) (b) (c)
R-Hadrons
(e.g. A Kraan hep-ph/0404001) :
e Gluino interactions suppressed as 1/M? toolkit (Geant4)
e u,d quarks interact but with a kinetic . M=300 GeV/c’
energy of order 1 GeV e _ifgz z:
— Hence energy loss reduced while passing of 40350 e
through e.g the ATLAS calorimeter 353

only about 10-15% is deposited. m

This will be a remarkable signature

Also: charge flip while passing through matter

Do we understand the travel of heavy particles
through matter well enough?

T N\/

20—f
103
o; : : : :
0 0.5 1 1.5 2 25
)
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Indicative Physics Reach

Ellis, Gianotti, ADR
hep-ex/0112004+ updates till 2003

Units are TeV (except W W, reach)
% Ldt correspond to 1 year of running at nominal luminosity for 1 experiment

PROCESS LHC SLHC VLHC VLHC LC LC
14 TeV 14 TeV 28 TeV 40 TeV| 200 TeV| 0.8TeV | 5TeV
100 fb* | 1000 fb* | 100 fb! | 100 fb'| 100 fb'| 500 fb! | 1000 fb!

Squarks 2.5 3 4 5 20 0.4 2.5
W, W, 26 4o 4.56 /o 18c 906
Z 5 6 8 11 35 8t 307
Extra-dim (8=2) 9 12 15 25 65 5-8.5" | 30-55t
q* 6.5 7.5 9.5 13 75 0.8 5
Acompositeness | 30 40 40 50 100 100 400
TGC (ky) 0.0014 0.0006 0.0008 0.0003 0.0004 |0.00008

T Indirect reach Approximate mass reach machines:

(from precision measurements) Vs =14 TeV, L=10% (LHC) : upto~ 6.5 TeV

Vs =14 TeV, L=1035 (SLHC) : upto~ 8 TeV
Vs =28 TeV, L=1034 . uptor 10 TeV
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LHC is coming! 2007 pilot run
2008 first physics run
Detector construction progressing well

= BSM/SUSY search one of prime physics goals

: ‘, What can the LHC do?

e Discover new phenomena in the multi-TeV range (6-7 TeV)
&= ¢ Discover SUSY up to squark/gluino masses of 2.5 TeV

e Derive sparticle masses via kinematic measurments

g » Constrain underlying theory by fitting a model to the data.

& » Strongly reduce the “theory phase space”

What will be difficult or impossible at the LHC?

e Measure sleptons with mass larger than 350 GeV

P/ » Disentangle quarks of the first two generations

4 » Measure the full gaugino spectrum

e Measure the spin parity of all sparticles and all couplings

e Constrain the underlying theory in a model independent way

SLHC will
e Extend LHC reach by 30-50%
e Measurements for the “difficult points”




o N

— Backup Slides _
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Universal Extra Dimensions

Everybody in the bulk! e.g. Cheng, Matchev, Schmaltz hep-ph/0205314
104

Search: e.g
4 |leptons +
ETmBs

>0
K
Y ‘ )
ool

02959,

SISO
QAR
QRRRK
ot

855

10%

L {(fo )

41Fq
AR=20

|
0 o200

1000
R7' (GeV)

N I
1500 2000

Increase of the sensitivity to R~ from 1.5 TeV to 2 TeV
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s I Strongly Coupled Vector Boson

1T no Higgs, expect strong V V, scattering (resonant or non-resonant) at VS~ TeV

4 May be difficult at LHC. What about SLHC?
q e Vi, degradation of fwd jet tag and central jet veto due to huge pile-up
g VL..<  BUT : factor ~ 10 in statistics — 5-8c excess in W* W scattering
\q Vi — other low-rate channels accessible

] . ,
Fake fwd jet tag (|n| > 2) probability Scalar resonance Z, Z, — 4

. Trom pile-up (preliminary ...) - 25
2 —
2 b Snst 3000 fpr 9
E e & 20 7z
o Tl TR it
ﬁ 10 . 10 _L;":J'IT.E ,‘ qqzz (SM)
T 15
)
12.5
10 not observable
7.5 at LHC
5
25
" EGet) %00 600 7000 800 900 1000 1100 1200



oM Universal Extra Dimensions UED

e.g. Cheng, Matchev, Schmaltz hep-ph/0205314

UED=> all particles in the bulk

Phenomenology: a KK tower pattern from SUSY versus UED at the LHC
ED’s which looks like supersymmetry:
Can the LHC tell distinguish?

e Cuts:
¢ E + + E m > 40 GeV (similar with 60 and 80 GeV).

o |nip)| < 2.5

M (GeV)

TOOIS Spln Of the “SpartICIeS”/ NO ¢ We can recover to some extent the difference in shapes!
heavy higgses/mass splitting small/ Vit e A e B
. . 2 T R
pattern repeates at higher energies... : Loto0 it
B UED - 9
850 o Study muon angular - E
' ' distribution in (approx.) % : ]
smuon rest frame g Fr E
t 3 : SUSY ]
600 Q - 600 o[- 3
a be, | First result looks : :
encouraging . -
ss0l- 1o  Also: A. Bar hep-ph/0405052 S -
lepton charge asymmetry osl®)
. ¢ Backgrounds? Other tricks? Strong KK production?
I ﬁ L Tabr |
500 - ° ™ 1 500

Studies of spin sensitive variables needed!




P—
CMS .
Benchmark points
SUSY UED
n=23
n=2
n=1
SM n=2~0
SUSY UED

DM particle LSP LKP LTP

Spin 1/2 1 0

Syminetry R-parity KK-parity T-parity

Mass range

50-200 GeV

600-800 GeV

400-800 GeV

Ok for SUSY

Common benchmarks for:
eUED?

elittle Higgs?

oeSplit SUSY?

Useful for ATLAS/CMS and
LHC/1LC comparisons
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CMS General strateqgy toward understanding the underlying theory
(SUSY as an example ..))

Discovery phase: inclusive searches ... as model-independent as possible

First characterization of model: from general features: Large E ™ss? Many leptons ?
Exotic signatures (heavy stable charged particles, many y's, etc.) ? Excess of b-jets or
TS ? ...

Interpretation phase:
e reconstruct/look for semi-inclusive topologies, eg.:
-- h —» bb peaks (can be abundantly produced in sparticle decays)
-- di-lepton edges
-- Higgs sector: e.g. A/H — upu, tt = indication about tanf3, measure masses
-- tt pairs and their spectra = stop or sbottom production, gluino — stop-top
e determine (combinations of) masses from kinematic measurements (e.g. edges ...)
e measure observables sensitive to parameters of theory (e.g. mass hierarchy)

At each step narrow landscape of possible models and get guidance to go on:

e lot of information from LHC data (masses, cross-sections, topologies, etc.)

e consistency with other data (astrophysics, rare decays, etc.) E Gianotti
e joint effort theorists/experimentalists will be crucial LPO5
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.r"f_ 3

Towards the underlying theory ?

Next thoughts:
How can we go from the hadron collider data to the underlying theory?

e Can we map the measurements to theory phase space (e.g. SUSY)?

Statistical techniques/Patterns?

Interesting idea, encouraging result, but needs to go beyond inclusive
variables. Endpoints etc. will be there early on and will be used to gain
confidence that new particles have been produced.

e \What variables/signals can be further looked at to reduce the degeneracy.
Eg. to distinguish GDM & GMSB scenarios (both with semi-stable stau’s)
It appeared that the sparticle mass spectrum can help.

Experimentalists will need guidance for this

eSUSY: measurements < parameters in the Langrangian
Can we learn anything about underlying (string?) theory? Needs low scale
predictions

eAre all the tools in place to do the exercise?

Plethora of tools exist and almost all ‘talk’ via LHA-accord
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R-Hadron in ATLAS ?
PYTHIA R-hadron event from ATLSIM
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5 Little Higgs Models

____—‘

Alternative to supersymmetry to protect the Higgs mass, via

couplings of new particles

WeWw, o4, BB, te>1, HeO

/_" Ty Y

. J A
(8] \ Vs . A Vs FE
P L W { 'y W {

-4 At At | / ) / Y
( ( )

h \ / ,\\_,T\.—/._.)’-/ \'\ ] ﬂ:\:—{l_./:/ 10 TeV —+

X

e V(1= /L Sy e I Tev

|

\;/

" h

':.,I?*’
-

[SU(2)®U(1)]x ® [SU(2)®U(1)]g —

— EXpect new particles in the TeV range

Arkani-Hamed et al.
Han et al.

Strong dynamics

Triplet Higgs

possibly more scalars

W’ 72’ t et

1 or 2 Higgs doublets
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