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Reminder: Mass Reach

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

e

Ellis, Gianotti, ADR

hep-ex/0112004+ few updates

LC: Precision: large indirect mass reach

PROCESS LHC SLHC VLHC VLHC LC LC
14 TeV 14 TeV 28 TeV 40 TeV| 200 TeV| 0.8 TeV | 5 TeV
100 bl | 1000 fb! | 100 fb | 100 fb! | 100 fb! | 500 fb (1000 fb-!
Squarks 2.5 3 4 5 20 0.4 2.5
AS 26 46 456 7o 180 66 900
Z 5 6 8 11 35 87 30t
Extra-dim (6=2) 9 12 15 25 65 5-8.51 30-bbf
q* 6.5 7.5 9.5 13 75 0.8 5
Acompositeness | 30 40 40 50 100 100 400
T6C (M) 0.0014 0.0006 0.0008 0.0003 | 0.0004 [0.00008
t indirect reach
(from precision measurements)
What for
LHC: High energy: direct mass coverage into the TeV range 1-10 fb-1?

2



This talk

My mission statement

How much one will know with 1 - 10 fb! of data in different scenarios, i.e. how much will one

know about new observed states and how much scope will there be for other new physics to
hide in 1 - 10 fb! of LHC data.

The scenario that we would like you to consider is the observation of new states of physics
beyond the SM. We would like you to cover all possible scenarios of BSM physics *except*
missing energy, leptonic resonances and multi gauge bosons

So what is left?

- Jets, Photons, (b/1), top quarks, combined signatures, special
signatures, eg heavy stable charged particles, r-hadrons

Hence: in this talk =

- New physics with (di)jets

- New physics with top quark

- RPV SUSY, Technicolor (jets + leptons, leptons)
- ED with photons and (non-resonant) leptons

- Spherical events/Black holes

- Other exotics (excited quarks & leptons,...)

- Special signatures, weird scenarios



Initial Dijet studies

e Jets : Iterative cone algorithm with R = 0.5 in (,0)
e Triggers with different tresholds to cover full dijet mass range
Adjust dynamically during luminosity ramp-up of the LHC

Expected Events per 100 pb”-1

—a— High: PT=250
—a— Med: PT=120
% " —a— Low: PT=60
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Access to high masses already for low eg 100 pb-!



Fractional Uncertainty on xsec
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Dijets: Ratios

Dijet ratio: N(|n| < 0.5)/N(0.5 < |n| < 1.0)
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N(jn|<0.5) / N(0.5<n|<1)

Ratio
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Dijets: Contact Interactions

Dijet ratio: N(|n| < 0.5)/N(0.5 < |n| < 1.0)

e A*=10 TeV

-

Stat. Err. for 1 fb”

00 30

IIII|IIII
00 3500 40

0

1111 11 I| 1
0 4500 5000

Corrected Dijet Mass (GeV)

Significance inc

22 T T T T

20
18
16
14

O Stat. Only

@® Stat. + Syst.

5o

N 2O Lo

95%Cl..

L=]

o

Reach versus start up luminosities

I I0.05I I I0.1I — I0.15I — I0.2I — I0.25
1/A(TeV)

95% CL Excluded Scale

5 Discovered Scale

l.uminosity

100pb

1

1fb

10 th

1

100 pb T S R

AT(TeV)

ﬁ. 2

<10.4

“1438

~4.7 =78 <12.0

— Reach ~ 12-15 TeV with 10 fb-!



Drell Yan muons

;_—‘

Contact Interactions in the lepton final state channel

Contact Interactions LL 5 ¢ Discovery in CMS at LHC

40

_ 6\- .‘l -
35 L A 15 % sys. err.

A+ 15 % sys. err.

30

25

Contact Interaction Scale (TeV)
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10 L L 1 oo |
] 10 0’
Luminosity (fv™)

Reach ~ 20 TeV with 10 fb!



Dijets

Ultimately, with the highest luminosities:

0.5

=

. ¥ A5,=15000 GeV gj | JLdt=3%10%b™"  M>4500 GeV
~ O A,=20000 GeV ~ u % AS=15Tev
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cs Reach Summary

""Dijets: New Physic

Excited Quark
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1000 2000 3000 4000 5000
Dijet Mass (GeV)

[
1 2 3 4 5 6 7 8
Dijet Resonance Mass (TeV)

Resonance Model 95% CL Excluded Mass ( TeV/c?) | 50 Discovered Mass ( TeV/c?)
100pb~" | 17! 10fb~" [ 100pb~" | 1fb~" | 10fb~"
Excited Quark -36 | 0.7-46 0.7-54 0.7-25 | 07-341]07-44
Axigluon or Colouron 0.7-35 | 0.7-45 0.7-5.3 0.7-22 107-331]07-43
Fg diquarks 07-40 | 0.7-5.4 0.7-6.1 0.8-2.0 |08-37] 08-5.1
Colour Octet Technirho | 0.7-24 | 0.7-3.3 0.7-4.3 0.7-15 | 07-2210.7-3.1
Randall-Sundrum 0.7-11 | 0.7-1.1 0.7-1.1
Graviton 1.3-1.6 1.3-1.6 N/A N/A N/A
2.1-23
W/ 0.8-09 | 0.8-09 0.8-1.0 N/A N/A N/A
1.3-2.0 1.3-3.2
7 N/A N/A 21-25 N/A N/A N/A




R-

Parity violating Susy -

How stable is the |Large Event can be |Sparticle
lightest SUSY missing |reconstructed | production
particle (L.S.P.) ? |energy? |fully?
RPC |Stable Yes Usually not | Only in pairs
RPV |Unstable No Yes Either singly,
(decays to leptons or jets) or in pairs

Y =
RPVL/ !
Pk A -
i N

(Baryon number violating) w

C

S

(Lepton number violating)

L _

Multijets + lepton events + relatively small missing E+
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R-parity violation

Mo=100 GeV m,,,=300 GeV A=300 GeV tanf=2.1 w0

- 0.16

[, RPV RPC 0.14 i—
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R-Parity Violating SuSY —

Example! No real recent experimental studies

Selection of 3 isolated leptons + 2 jets

m,, (GeV)

1200

10 fb-!
- ;,mzu.us -

_
Ty

A, #0only

1000

m = 200 GeV IIlmz?'OO GeV

. X—>TTv

(es, UL, 1)V
SM bckg

10

o
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m, (GeV) m(I*,I") Gev/c?

— Discovery of squark/sleptons up to ~ 2 TeV with 10 fb!



Early Top-quark events

Can we observe an early top signal with limited detector performance ?
And use it to understand detector and physics ?

oy = 250 pb for t+ - bW bW — blv bjj

ATLAS preliminary

sof

4 jets p> 40 GeV

49_:;

2 jets M(jj) ~ M(W) 3 jets with largest 3 pr

W++n jets (Alpgen) +

...... combinatorial background

Isolated lepton
pr> 20 GeV

e,

20f

10|

NO b-tag !!

IIII|IIII|IIII| IIIIIIII l |
00 150 200 250 300 350 400 450 500

m(3jet) (GeV)

sV
E,Miss > 20 GeV

G
03

Top signal observable in early days with no b-tagging and simple analysis

(100 + 20 evts for 50 pb!) — measure o, to 20%, m to 10 GeV with ~100 pb-1?
* commission b-tagging, set jet E-scale using W — jj peak

* understand detector performance for e, u, jets, b-jets, missing E, ...

* understand / constrain theory and MC generators using e.g. pr spectra -



Top Quarks at the LHC

The LHC is a top factory: 1 Hz at startup luminosity
Cross section rises factor 10 faster than W/Z
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—— .

T. Han
Princeton

Top: a window to new physics a

Largest Yukawa coupling (proportional to ;. cot 13):
H, A—til.

Strong Dynamics (TC, Topcolor/Top See-Saw, Little Higgs):
pro. re. Tpe. 41, — t.

Extra-dimensions (warped and universal):

YK K - G KK — tt.

Supersymmetry (¢ often the lightest squark):

tr — X",

LH with T-parity (theories with naturalness argument):
I — tA",

Representative features:

Model Class Spin-0 Spin-1 Spin-2
Technicolor/Topcolor/RS (nrwibrd) (nrw/brd) (narrow)
MSSM (narrow)
Little Higas (narrow) (narrow)

15



do/dm (pb/GeV)

¢ 'do/dcos6*

+-tbar Resonances
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~ polar angular distributions ger, man.

F : Hep-ph/0612016
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resonance c.m. frame "



Significance

Same sign top search

B . . . s 1
| Cross-section significance for 30fh J——

Significance of a same
signh top excess over
SM background as
function of the cross
section

— u* u* channel
--------- et e* channel
--------------- p* et channel

10_1“’ ol v T T T T T
1 2 3 4 8 6 /f 8
o(pp — tt/ tt) (pb)




T ——

Technicolor ——

Technicolor: leptons or leptons +jets

ATL-PHYS-99-020

1
My = 120 Gav/e* 30 fb
- ¥
Lo i M, = 110 Gev/¢® results depend on parameters
§ __I:'H'"—h.-, Mo, = 500 Gev/'
2 4o 'H-H‘w: R
-~ ; M, = 00 Ca /et — ™,
= 4
1
= 10_1 ....... ] ] [‘ ~
v (4] 100 200 300 400 500 800 J00 BOD aga 1000
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~ mhm"‘w_b_ - My = 300 GeV/c?
€ T !I b
.% ﬂb’]:j:l_;:i:ri
e s RTE R
i Tengn
‘E oL Lo e t F-Irriﬂn
@ 100 200 100 400 500 &0 700 BoD (aun / L;uu
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INET.L . i} R
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é 10 H..h_i-:‘:r_r "-_.L
s F “‘L—L,__] T
& T el | 1
g ' | L L
§1u."1-' | I [ JLI.,IDU::
(] 100 200 300 4 500 0 Foo B a0a 1000
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3-lepton channel

2 leptons+2jets channel
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I — i
Technicolor

56 sensitivity curves for p;- > W+Z — leptons channel

—

Technicolor Straw Man model

> 700 -
g 700F & 790 .. 5; signal Sensitivity
T Eﬂﬂ:_ i Eﬂﬂi . = 5 Sensitivity + Sys. Errors
EE F [ --=90%C.L. Signal Upper Limit (+ Sys) " |
= s00F = s00- |
400 400
300/ 300/
200 200
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o 0
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M(p, ) (GeV)

Sensitivity starting from a few fb! of data

CMS PTDR

M(p, ) (GeV)
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Photon Slgnals Eg Extra Dimensions

ADD: Arkani ~Ahmed, Dimopolous,Dvali

Graviton produc‘nonl
Graviton escapes detection

Signal: single jet + large missing ET  Signal: single photon + large missing ET

_ Hinchliffe, Vacavant My = 25TeV, n = 2)}w
2 = lamor ooae A i — 30fb-!
e 825 Tov, 1000 5" i Hfﬁ 3
= S Illﬁ TRPT pho‘ron>:400 GeV
= ok 115 0 ]
| g T

N H

10 | |
’ 10°E LILIL
:I [ | B | | | | —|
| 0 500 1000 1500 2000 2500
sing E_IC , GeV
2 3 4

O_i 1 1 1 | 1 1 1 i

5 Test My o ~ 4 TeV for 100 fb-!
Test M, to 7-9 TeV for 100 fb-! ~2.5 TeV for 10 fb-! |
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Universal Extra Dimensions

e —————

4 lepton channel

— [ I I'T T 1 I I TTT1 | TTTT1 I I'T T 1 I T T TT1 | TrTTT1 L]
- = - - 0 B +«+H 7
TSignal op Nsignal NBackground S/B Si2 | £iUib) Y = * .
-1 p f p o Py ——
R=1 | (fb) () | @30/t @30/t @30/fb @30/fb Sp=5¢ | UED 4| channels at CMS ]
4 electrons channel ] — 3':'
N A2, 4 1 oL N
300 | 1L.33E+0 40 36 11 3.7-4.0 = —
0 AR=20
500 | 1.19E+0 35.7 32 10-9.8 43-4.6 'CJ'
- N TH EXP - N
700 | 5.13E-1 | 6.75E-3 | 159 | 1.10 4+ 0.22TH & 0.06 14 62-59(7.7-73)* | 13-14 Lo 1 |:| — —
900 | 2.23E-1 6.7 6.1 3.5-33(4.0-3.7)% || 46-54 “ C 3
4 muons channel | ﬁQ _ -
300 | 1L72E+1 517 126 42-41 < - [~ WiR=Sammamammrott 7
- _ el e -
500 | 7.79E+0 234 57 27-26 <1 a
EXP
700 | 2.38E+0 | 1.35E-1 | 714 | 4.06 £ 0.81TH + 0.25 17 13 2.7-3.0 ®) - -
900 | 7.28E-1 218 553 | 61-57(70-65"% || 15-18 _ - , .
— First data’ uncertainty
2 electrons 2 muons channel E | ] i
1E . -= 4e ]
300 | 7.86E+0 236 49 27-26 <1 = B -
53E 24 _ 9 B 1
500 | 6.53E+0 196 - 41 24-23 <1 — [ - 4“ i
700 | 2.84E+0 | 1.60E-1 | 85.1 | 4.80 + 0.06™ + 0.28° 18 15— 14 22-25 B 1
900 | 1.04E+0 31.2 6.5 7.6-12 9.5-11 B 292“ 1
== SYys incl.
1 0_1 1 I L1 11 I Ll 11 | L1 1 1 I L1 11 I L1l i1 1 J i1 1. 1111

300 400 500 600 700 800 900
Reach ~900 GeV for R-! with 10 fb! R (GeV/c)
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Universal Extra Dimensions

Dijet + Missing E+ final state

mificance

1

=}
= 100

S

10

I -

[ 1 1 1 1 i
1000 1500 2000 2500 3000

M KK (GeV)

Sensitive to KK states with M ~ 2 TeV with 10 fb!

22



Indirect Search for Heavy Resonances

Tev! Extra Dimensions

""""""""""

Kaluza Klein excitations of a gauge boson
Interference with the DY SM process modifies
the high mass di-lepton spectrum

Events/50 GeV/100 b~

Direct: 600 fb-1
Interference : 600 fb-1

6 TeV
16 TeV

1 | 1 1
4000

my (GeV) | SN-ATLAS-2003-023 |
e'e I~ Mean 0.6244E-07 i Mean D.2738E-07
Eaamma - BMS 0.3408E-09 = RMS 0.1961E-08
600 |- 200 1~
102 — sM - - C
(= M=5 TeV 3 L _ T na —
S = e P 159 [ Mc=6 TeV
:8_ : ----- M.=9 TeV E 400 — E
S g g
@ L i & B g
é T b N @100
) I st
£ 10 B
5 - 200 —
I - 50
- | | | _I}-I :'_m::% . 0 L NI I RO A A O UD]- Lot tacl By 111 LY YO
L1 [ [ [ e B £
1000 1200 1200 1600 1800 5000 0.61 0.522 \0153 U.Etl_? A5 0.2 02.25 2 0.3 D.35__
m, (GeV) 1M~ (GeV™) ® 10 1M~ (Gey™) %10
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ADD with running gravitational couplings

New!

Events/bin/3 ab™!

Signatures for a running gravitational coupling in ADD
scenario of extra dimensions: virtual graviton exchange

Put a form factor in the graviton KK coupling

MD-2 — MD-2[1+q2/12M2]!
104?‘!"|”H|M-I4H|HH Hewett, Rizzo
D=_ 4:3 1 to appear

10 3 = -"!*;q_ —3

10% —

109

10—1 L1 | [
1000
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' Black Holes Production —

If the Planck scale in ~TeV region: can expect Black Hole production

4000

arton
P block 1500
hole
parton
3000
4-D spacetime 4-D space'l'lme

— Signal

--— Backgrounds

(b)

25001

2000

1500

1000

500

_‘IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

SOTTT I ITT1

L-"__r'|—t Sed b lobd La 11 TN 11
0.1 0.2 0.3 0.4 0.5 06 07 08 039

sphericity

=

~ Spherical events: Many high

Quantum Gravity in the lab?

Simulation of a black hole
event with Mgy ~ 8 TeV in CMS

energy jets leptons, photons etc.
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Black Holes

Warning: cross section could be much less than optimistic estimates

1u1ﬂ T I I T L] I T I T I T T T I L] T I I T L] T | T T L]

e —

o n=3, My=1-11 TeV

10° b

Oy ~ IS

classical

14

For 10 fb-!

» Classical approximation to cross-section: large! Black Holes up to 8-10 TeV
*Apparent horizon (AH), not all energy trapped; see eg. hep-ph/0609055
Black holes up to 4-5 TeV
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C. Alexa
ATL-PHYS-2003-014

backgrounds:
ttbar, WW, WZ, 2Z

also:
6-lepton channel

Experimental considerations:
- high energy leptons, jets

Systematics:
- large NLO corrections

conclusion:

ATLAS can discover
sequential charged heavy
leptons up to

M, =09/1.0TeV
(low/high luminosity)

Heavy Leptons

;__—A

(e",n) €
jet e
jet jet

jet
jet
jet jet
(') (e.1)

Constant s 5t B W — High Lumincsity
Alcun 45,2 . -
Sigmn 244 s L M — Low Luminosity
¥ M(Z')=1.5 TeV
=
lff =500 GeV¥ & 102_—
M, =70 GeV W C
a -
— -
D-" —
o
10 =
C >a
| | | | \ | |
Figure 13: Signal to background compar- o 200 400 GOD BOO 1000 1200 1400
ison for My = 05 Tel/c and Mz = 2
0.7 TeV/c?, for L — e+ Z" channel. M, {GQV/C }
G. Azuelos
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Q. Gakir, C. Leroy, R. Mehdiyev,

ATL-PHYS-2002-014

B > 1800 Cev
o 7 < 1.0

Events,/ 200 Gev

cosd < I3

— f=fef

=i =f=0.5

qe2>q4"—>qg

1ot

ATL-PHYS-99-024

Vo toee 2000 sooe 4000 5000

1

I
1

Excited Quarks —

7 etgon s
N

1 o T Y
2A .f_\'G#v + g f E l'l:l:i',.',l.-' + g f ?Bgy qlf. + h(.’
take asreference: A =m*. f = f=f"=1
m*(GeV) Am;;(GeV) el B S/B S§/VB
1000 170 12396806 16870000 0.73 3018
2000 320 858214 5250000 1.63 1184
3000 445 A7635 23500 L.G0 245
aloo 705 601 325 1.85 34
6000 880 75 G0 125 96
Z 4 .
3ol gg gt gy —  Baskground
g
f‘;ﬁm S FM% -
E 4 - i i I:.
:E 0" L R eut
0" _i
o i.r: _

A000 7o Se00
mass (jj), Gev/ e’

Also: q*—>qZ: q~—>q'W

Reach ~ 3-5 TeV quarks with 10 fb-!

5000
rnﬂ{ GeV)

3000

G. Azuelos
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- Excited leptons —

fir -

St eZ e jj
=4 h P 100 GV
o <35
G. Azuelos S -
[ ] 2 &
: . S u 10
contact interaction: L. = 5 J J
2 u
i
fid

Experimental considerations:
- high energy e, y
-Zji, W jj

'wl ) _'I'rl.'r.' e f_T;I'JI’J ?M‘.i'.! IS0 3000 3500 JiNRE 500 S0
M(jjed, Gev
=
L =300 fb!, A =6 TeV S | pp—reet e ey AT
. : — - L - r“;ﬂ-f P elec > 100 Gev <m>= 1000
m* = 500 1TeV 2TeV 3 TeV 4 TeV £ | Py phot > 100 Gev o= 7.20
qq — €'e — Zee — ecee ﬁ Il Sin
AM, GeY 20 38 63 84 | (i <m>=0005
S @2 121 17 2 [ T el — 2 o= 9.03
S/B 25 76 283 333 il s
S/VB 7% 69 26 A
qq — e'e — Zee — ecjj S 0.0
AM, GeV 40 60 106 180 200 o
5 4725 2388 358 54 6
S/B 3 16 48 67 -
5/ VB Ll 1% 131 i - Ys0 oo0 950 1000 1650 1io0 1150

Mass of e + ¥ (GeV)

Reach ~ 2 TeV for 10 fb-!



Recent Studies: New Signatures

. Arkani-Hamed, Dimopoulos hep-th/0405159
Split Supersymmetry A Kraan

M=300 GeV/c’
Assumes nature is fine tuned and SUSY is P00 GeVie
broken at some high scale

s

= 505
2

. . . Energy fract. o
The only light particles are the Higgs and the  deposited in =

gauginos calorimeter ; A ﬁw\ M

- Gluino can live long: sec, min, years! RN

- R-hadron formation: slow, heavy particles 4

containing a heavy gluino. KB R N
Unusual interactions with material K. Hamaguchi,M Nojiri,ADR hep-ph/0612060

eg. with the calorimeters of the experiments! ADR, . BlisERainhep-ph/0508198

Gravitino Dark Matter and GMSB ~ 1000
In some models/phase space the gravitino is events
the LSP per year

Then the NLSP (neutralino, stau lepton) can e —a
live ‘long’ SeigerTe g

Sparticles stopped in the detector,walls

—Challenge to the experiments! of the cavern, or dense 'stopper’ detector.

They decay after hours---months...
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Recent Studies: Special signatures -

GMSB or
Eg. x—v+ gravitino  or heavy (slow) stau slepton GDM models

Om

viLon
Mectron
Ha¥on (e.g. Pion)

,,,,,
g

Sighatures
e Displaced vertices

* Non-pointing showers
e Long lived 'heavy
muons’ (time of flight)

Silicon
Tracker

)|

Superconducting
Calorimeter Solenoid

Iron return yoke interspersed

Transverse sl lice . with Muon chambers
wascws | Challenge to the experiments!
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Stable Massive Particles

NP i e a1l 5 S , B .
SMP  LSP  Scenario  Conditions Qem  Coep 8 Modelis)
F 0 MSSM 7y mass (determined by 2 tan 4, and A;) close to 7 : : . - -
L 1 1 Mass LHCICTMIMEE DY Tz, g 4, LAILE, ANE A7) CIOSC 10 X7 0 8 | Universal Extra Dimensions (KK gluon)
mass.
e . +1 1 4 Universal Extra Dimensions (KK lepton)
€ GMSB Large NV, small M, and/or large tan 4. 2 - “l
gMSB  No detailed phenomenology studies, see [23]. Fat Higgs with a fat top (4 fermions)
SUGRA  Supergravity with a gravitino LSP, see [24]. 4th generation (chiral)y fermions
T MSSM  Small sz, , and/or large tan J and/or very large A;. Mirror and/or vector-like fermions
AMSB  Small meg, large tan 3. 0 Fat Higgs with a fat top (+/ scalars)
gMSB - Generic in minimal models. e 3 5 Warped Extra Dimensions with GUT parity (XY gaugino)
fi1 (3 GMSB 7y NLSP (see above). ¢4 and fiq co-NLSP and also SMP for 0 5D Dynamical SUSY-breaking (xvon)
small tan 7 and .
1 2 ; 1 '||, PR AT S . e
: N - - . : . — . . Universal Extra Dimensions (KK down, KK up)
T gMSB e and gy co-LSP and also SMP when stau mixing small. 33 7 - |
. - N ' - TR T R £ op \--\'\ I‘-'-. Coa ']5
o 0 MSsM g — mg gy Very large M1222 TeV 5 |u| (Hig- 4th generation (chiraly fermion
X . . .
gsino |'C‘_._‘|(‘|1:| ar |]("|1—L||1|"-’\.‘l‘!"-1’l| augmo masses “rl ? ]1}’2 f\-‘[il‘l'ul‘ £'||'|Li'("l- \'Lx(-l(\r_“l\'c l\,‘_\rn'li,;\,rl:;‘
with the latter condition relaxed to My 2 M, for My < |p].
. - - Narme A Ar: | 18] W1 TUIT parity Y panod
Natural in O-11 models, where simultaneously also the g can Warped Extra Dimensions with GUT parity (XY gaugino)
be long-lived near dgg = —3. — 1 L GUT with I7(1) — (1Y mixing
AMSB My = M natural. mg not too small. See MSSM above. Extra singlets with hypercharge ¥ — 2¢
CKIra singlets ‘percharge 4
i ] MSSM Verv large mé_ s Ma. eg. sphit SUSY. Millicl 1 i
, dillicharged neutrinos
e GMSB SUSY GUT extensions [25-27]. | - )
. . ? ? 0/5/1 “Technibaryons
i MSSM Verv small My < My g, O-11 models near dgg = —3.

GMSB SUSY GUT extensions [25-29].

: -0 I 2,
i Vi MSSM  Non-universal squark and gaugino masses. Small mj and h h/06 040
My, small tan 4, large A, ep p 11 2

by Small .-né and Mz, large tan 4 and/or large Ap = Ag.

Stable Massive Particles are not a rarity at all (it seems)...



Recent analyses

e GMSB: Non-pointing photons

“*1 pointing
215
ik
-2.25
_2'&15 0.2 0.25 0.3 0.35

n

° non-pointing

e ————

GMSB parameters N =1 tan3=1 sgnpu=1 M, =2A

2.55
s JF

251 o0
r ot
o ao

245

24

-0.75 0.7 -0.65 0.6

luminesity for 5a discovery (fb";
[ T O o & L I = = B = R

e GMSB: long living staus

'w:Tilming (B) in

muon detectors

17
Iy L U Mass = 24263 GaV; int. lum.,
i .
-
L [
(RN
Viah, ver bk s
Ry
VRN
VR
TN
X -..\.Q o=
=

e R-hadrons

trigger/mass meas.
for region > 0.6

n

0

I
25 50 100

I
200 400

ct (em)

x ct lifetime
extraction with
~20% precision

GMSB parameters N =3 tan3 =3 sgnpu=1 M, =2A

mean = 2432
120 F pus= 37
|av.emr. - 3.2

=]
[=]
T

number of experiments
=
(=]

@
o
T

=
(=]
T

=]
=]
T

{ AV

180 200 220

de/dx T
i i ‘
tracker 4

240 260 280

mass estimate (GeV)

stau mass

ex

traction with a

few % precision
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€0 80 100 120 140 160 180 200
mass OT ve mass TH [100 Gew gluina)

B-tracker
#3 muons
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Split SUSY ——

Long Lived Gluinos

75 > 100 ns
looking for stopped gluinos that later decay

100s GeV Unbalanced = Fp

Uncorrelated with any beam crossing
No tracks going to or from activity

34



Split Susy

Total Number of Stopped Gluinos

Arvanitaki, Dimopoulos. Pierce, Rajendran, JW hep-ph/0506242

2 ! 200 GeV | 300 GeV | 400 GeV
CDF 4.1 x 10% | 3.1 x 10?2 | 3.3 x 107
I[JH D 4.5 % 10% | 3.3 x 10% | 3.4 x 10}

" 100 fb=* || 300 GeV | 800 GeV | 1300 GeV

e ][f _ ATLAS [ 58 x 10° [ 1.8 x 10* | 6.2 x 107

= . CMS 3.7 % 109 1.2 x 10* | 3.9 x 10?

ol 6 N

. ] [,:I \‘::"-\.H_\_

_.-:l""- '-xﬁ:?}x

— T S I J. Wacker

) " ~_ Ly

% I [f 7:33::;::::::..{(: f"?ﬂ

E R )\ e fb-1

CCEEERT) il AN Gy 30mb

— A (? — e

2 N\ ~ = =—3mb

= 10 N\ O{} ———0.3mb

= &

Z 10 3,

1
200 500 800 1100 1400
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Hidden Valley Physics? —

String Theory inspired (M. Strassler)
Eg. Strassler & Zurek hep-ph/0604261

/ Basic minimal structure

‘ A Conceptual Diagram ‘

Z' Higgs, LSP, sterile neutrinos, loops of

charged particles,. ..

Communicator

L 4

ena that COUiC] occur in these moaeis

= Higas decays to two [or more] long-lived particles
Aside on classes of possible decays of new particles
» / decays to the v-sector:
Final state with many particles, possibly long-lived
= |L5SP decays to the v-sector

Dregradation of MET signal
Wide array of complex final states

36



Some

Displaced vertex

v-particles |+ b

mixing

Displaced vertex

Valley quark
production

Some v-hadrons are
stable and therefore
invisible

But some v-
hadrons decay
in the detector
to visible
particles, such
as bb pairs, tau

Hidden Valley Signals

;___—‘

Schematic; not a
simulated event!

I|
|
4 b's 2 few percent pass Level 1 dim

HLT
Fail mu isolation?
Fail mu tracking?
Fail b tagging?

— |I _________./" . ! .
T Fail quality control filters?

Production rates for v-hadrons

1000

LTOss declonin 1o

2.5 TeV

10 TeV

Z mass

The Fear Factor: A real challenge for the triggers at the LHC |



|

New Discovery Mode for the Higgs? -

M. Strassler & K. Zurek 5/2006

Higgs Decays to Long-Lived Particles

5
.

p

ATLAS Rome-Seattle “ '
working group: T

Can any events
pass the trigger?

.
1o
. L]
. LY
W R
.
RN
N 1 1,




""New: (Colour) Strings at the LHC

Macro-strings: new strong interactions & new quarks mg> several hundered GeV

[ F R
- “ '- “

Aic £ keV: Anomalous curvature s ’, J .

Markus Luty/Aspen 07 ; | f ' I !

e Strings do not break up = Stringy objects in the detector.
e End points are massive quarks (quirks)
e The strings can oscillate= strange signature in detectors 39



Summary

LHC: prepared for searches for many new scenarios

Already with 10 fb-! the region covered will be for massive particles
with mass more than 1 TeV (several TeV in most cases)

- Both for discovery or exclusion.

Note that new experiments are new = Ramping up will take time
Be patient!

. . : Constrained MSUGRA! -~
Early findings obviously very relevant -

’E = SRS
for the ILC st LT
- may set initial energy for a LC : 25 el
- may affect detector choices I 1l

~

For this workshop: 2%t RHD
- What do we learn from the /' gt
(non) observation of new particles?

Gianotti, ADR, Ellisetal —~ 7



Discovery/Luminosity Roadmap?

First physics run: O(1fb")

Z@6TeV
o E ADD X-dim@9TeV SUSY@3TeV v
3000 [ Eeururureresbrsssseseeses s ssasa s ensnanane e e e nanes 1 E— i
= — ; Comp03|teness@40TeV l
g 1000 & T S SOV RUOE USSR AU R I
= = H(1ZOGeV)9W
£ e S S S
s nggs@ZOOGeV '
E 110 E——— — | e .
o = SUSY@1TeV
E’ 30 | sesnsnnnnnnnnnnnnninnnnnnshansnnnnnnabunnn
£ B
10 E_ ..............................................................
1 o []7] 100 fortiyr 11000 fortfyr |-
— 4 > < 5 < 5 >_ -
D 1 1 IA | 1 1 1 | 1 1 | 1 1 1 | 1 1
i 4009 2011 2017 2019
Accumulated by year

F. Moortgat, A. De Roeck
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Dijets: Z' resonances

With the CMS detector

> . I|III.I|IIII|I
GO etni<1 et i<t
_.CB L
o 0.2
> B L
L i -
| '- —_...
0.15 7 _ QCD
i C —
01— +++:* - 5 , "'—__
i " . -
0.05[ T —
|||||||LI.-‘r"||||||| II|IIII| IIII|IIII|III“-I.-T‘.I.‘;.-I-.I-lllllll_l._lillllllll
0™1000 1500 2000 2500 3000 3500 1000 2000 3000 4000 5000 6000 7000
Dijet Mass (GeV) Dijet Mass (GeV)

QCD background (PYTHIA)

Mass distribution 2 TeV Z +07.2and 5 TeV Z
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Transplanckian effects

e ———

Once you pass the Planck scale Vs »> My... Processes with small

0

day;/d|an| [pb]

momentum transfer e.q. :

P ? 2 ) Elastic transplanckian collisions:
G e% ge Study gravity propagation in ED's
g Signal: dijets with large M;;
Guidice, Rattazzi, Wells
1{}0§_| | o C T3 N
- 104 Signal —
10—1 - M= 1.5 TeV Background
N i ;& 102 -
1072 ¢ 4 —~ | My=3 Tev
- 1 E=
=
—4 5 1072 |- _
1”‘? 4 3 <Ayl < 4
F ij>9 TeV 1
10—5 S| Jl | I T T | I N T T | I I T 1 . 10_4 ! | 1. L | 1 1 | 1. 1 1
0 2 4 8 8 10 2 4 6 8 10 12

anl of the two jets

Full experimental study still missing




M, =3 TeV

M, =6TeV

Ma(GeV)

SoOC  10A0D 12000 14000

Black Holes

simulation in ATLAS

;__——‘

- selection of spherical events
- Mgy reconstructed for each event
- reconstruction of My from the cross section

ds/dMg,,

- given the energy distribution for Mgy — Ty

n deduced from Ty, Mg, and Mg
(Hawking radiation formula)

;5_5:
5t
4.5
35}

M,(Te

25 f
15}
1f

—

J. Tanaka et al., ATL-PHYS-2003-037



How do these R-hadrons interact with matter?

. H?ﬂw u EJ:';; Pomeron k: l:_, guuu=FR
T e
(a) (b) (e)
R-Hadrons Need to modify the
(e.g. A Kraan hep-ph/0404001) detector simulation
e Gluino interactions suppressed as 1/M?2 toolkit (Geant4)
e u,d quarks interact but with a kinetic sy 00BN
energy of order 1 GeV 7 153 iizggi}ﬁ

— deposite only 10-15% of energy while passing = :0: =50 GeVe
through ATLAS/CMS calorimeters

This will be a remarkable sugnaM “’\ /\/V

Also: charge flip while passing through matter b

_mﬂ/\ﬁ’\ /"

10

Understanding of travel of heavy particles 4
through matter good enough? o

T T T
0 0.5 1 1.5

1%[5
Further: anomalous de/dx, time-of-flight measurements. Trigger is a challenge
46



I —

Transverse Diganee

415m F
165m
Iilim |
265m |
Liim |
Leim [

LL15m k

Split Susy
Density of Stopped Gluinos

—

300 GeV glumo Atlas Detector
=—1 n=—15 =0 n=0.5 =1
T | . . T
|
| 1 p=1.5
\ : / )
K\-L\ / 1™
—Hm -3im —4m -Im -2m —1lm Om I m 2m Im 4m im & m
Longitudinal Distance
Beamline >

Not uniformly distributed 1n detector

No tracks going into or out of calorimeter

Arvanitaki, Dimopoulos, Pierce, Rajendran, JW hep-ph/0506242
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Black Hole Searches

;__——A
~ n
. . Q
Can measure characteristic T at R . -
average mass P g —————
-> combine this with cross s 7
section data to extract n. - M
Assume 20% error on G -
200 [
c 7 -10% 7||||||||||||||||||||||||||||||||||||||
5 68%, 1o )00 5500 6000 6500 7000 7500 8000 8500
. [186.6%, 1.50 Mg (GeV)
4.5 []95%, 20
. B 99.7%, 30
4
3.5
, J[Memnx 1025 Area of interest
1|Meany  3.759 , ’
o5 J|RMSx  93.17 for
"~ J|RMSy 05026

L L L L L AL L L AL S AL
700 800 900 1000 1100 1200 1300
My (GeV)
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Extra dimensions

Hypothesize that there are extra space

dimensions BH decay
Volume of bulk space > volume of 3-D space |n ATLAS

Hypothesize that gravity operates throughout
the bulk

SM fields confined to 3-D

Then unified field will have “diluted” gravity, as
seen in 3-D

With n-D gravity mass scale=weak mass scale ->
no hierarchy problem!

Can experimentally access quantum gravity!
Missing energy signatures
Black hole production

But extra dimension is different length scale
from “normal” ones

-> hew scale to explain




