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If Nature repeats itself at TeV...

- QED-QCD system - - Vectorlike Confinement at TeV -
(le. SMat GeV<E ! My)

4-fermion op. 4-fermion op.
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If Nature repeats itself at TeV...

- QED-QCD system - - Vectorlike Confinement at TeV -
(le. SMat GeV<E ! My)

quarks
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Confinement
OGauge MediationO Rich phenomenology
Safe from flavor constraints :

Can have mass w/o EWSB
Safe from precision EW constraints

A very simple (yet pheno rich) possibility at TeV!
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strong force
(QOY00n p! ete |
g % %4% pl wmw 10~

Y

T. OKUI (FSU)



The Signature Process

strong force
(000 ol ete
g % %4% pl mm 10~

Y

! Analogy

-
-
-

new confining force

(000
CEE | 100%!

I~ Br(p! 9 < 1%

~~
~
~~

_____
-~

How does ! decay?

T. OKUI (FSU)



Two fates for It : Life can be short or long!
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Absence of excessive flavor violations

— —> Stable on collider time scale!
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Summary of Framework

- long - short W7
————— N @ @ —< y y ) g
'''''''''''''''' new confining force @ or @ ! ,W1 Z’ g
% stable!
- | !
r - long - short W7
_____________ . . o 1 1g
:I:f ;;;; @ or @ —<
> @ O W, Z,g
stable!

* Charged massive stable particles (CHAMPS)

* Colored massive stable particles ( ! R-hadrons)
* Dark matter

* Multi-W, -Z, -photon productions

* Multi-jet productions

* (Displaced) leptoquarks, di-quarks, di-leptons
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The DI-CHAMP Resonance Signal
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The DI-CHAMP Resonance

2 species: " (Say, EW doublet and singlet w/o color)
! short — @ 01_ Tlong — @ Charged, massive & stable!
() D (OCHAMPO)
I apairof W,Z,! Existence very generic!
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The DI-CHAMP Resonance

2 species: " (Say, EW doublet and singlet w/o color)
! short — @ 01_ Flong — @ Charged, massive & stable!
) (OCHAMPO)
I apairof W,Z,! Existence very generic!

/A CHAMP = a massive OmuonO

Spectacular collider signal!
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------ new confining force
" 00y
CEES
S
3

-

s !Iong CHAMP!

-~
~
~~

-~

T. OKUI (FSU)



Can we see the parent | resonance?
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Can we see the parent |
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Can we trigger on the CHAMPS?
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1 1.5 300
2.5 300
3 2.5 600

CHAMP pseudo-rapidity OTime lagO at muon chamber

0.04 ' I ' I I I ' | I'T— mass point 1 rer e : | — mass point 1
--- mass point 2 --- mass point 2
--— mass point 3 --— mass point 3
._ 10 = _
003 - ; B 4 _f
— f' H i 8
8 2
; : =
Che - : Too Latel
£ S ! ]
: N
= 0.1 : :
0.01 . . E
0 001 Lo v o b v by by ; [ R ;l_;'_'l_":_.:_'_
_ 0 5 10 15 20 25 30 35
delay L (nsec)
Most events central Most CHAMPSs arrive in time

rigger efficiency very high!
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The Multi-photon Resonance Signal
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Look at ir¢,.-tOf the same model.
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Look at ir¢,.-tOf the same model.
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Can we reconstruct "and 7
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Can we reconstruct "and 7
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The Di- and Tetra-R-hadron Signals
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The Di- and Tetra-R-hadrons

2 species: . (Say, color triplet and singlet w/ hypercharge)
-0 | l -0 O
+ long — Colored, massive & stable! ! short — Ve
O (! OR hadronO) (1) ()

T gg(# 99%),9" ,9Z
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The Di- and Tetra-R-hadrons

2 species: " (Say, color triplet and singlet w/ hypercharge)
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The Di- and Tetra-R-hadrons
2 species: " (Say, color triplet and singlet w/ hypercharge)
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Even FOUR R-hadron production can be sizable!
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The Multi-jet Resonance Signal at the Tevatron
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Multijet Resonances at Tevatron

Only one species: ?70 w/ no electroweak int. Only QCD int.

Color octet Y 0
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Multijet Resonances at Tevatron

Only one species: ?70 w/ no electroweak int. Only QCD int.

Color octet s

! short = @®

No ]v|o ng

Kinematical features:

event rate event rate event rate
! ir ir
‘JL ‘ﬁthe same M
E,+ Fy+ E.+ Fy Eq + Ey E.+ Eg4
(in c.m. frame) (in a-b c.m. frame) (in c-d c.m. frame)
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Observables and Cuts for the Tevatron Multijet Model

Es, Dz E, b3 (1) To pick out the |
// maj ! E1+ Eo+ Ez+ Ey4 (in c.m. frame)
(2) To pick outthetwo ! ’s
,;,:?‘ b (i) choose 2 pairs ijand ki
(1I) calculate
mj = E; + Ej (in i-] c.m. frame)
E4, D4 and similarly 1y
By, bl (i) minimize ! m ! [m;; " my]

(P11 > pTz > pr3 > P14) (iv) keep event only if

(Pt ! [PL beam]) l m < 25GeV

(v) take average
<m2J> — (m” + mk|)/2

(3) Signal: pr1 ! Prz2 ! Pr3! Pra
Backgrounds: pr1 > pr2 > pr3 > Pra

so keep event only if Pr; = Peuto! for all 4 jets
T. OKUI (FSU)
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ij , kl

1)

pPr1 > 120GeV

(CDF single-jet trigger:
pr1 > 100GeV)
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Discovery potential for: me = 350GeV

700 |-

600 —
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Signal: 2.7 pb passing selection criteria
Background: 21 pb passing criteria
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PTi > Peuto £ = 40GeV
Min |mz-j l mkll < 25GeV
i Kl

1)

pPr1 > 120GeV

(CDF single-jet trigger:
pr1 > 100GeV)

\Z<%) 32!

bins

Discoverable in existing Tevatron data!
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Conclusions
A broad class of simple extensions of the SM:

4-fermion op. 4-fermion op.

guarks
(vector-like)

ew fermions
(vector-like)

new confining force color force
* can robustly evade all existing precision constraints
* can lead to extremely rich collider phenomenology

€.J.  Multi-jets resonances D| CHAMP resonances
' ' ' Ll A A T R W0 — mass point 1
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The DI-CHAMP/Multi-photon Benchmark
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The DI-CHAMP/Multi-photon Benchmark

SUB)rc | SUB)C | SUR)L | U(L)y
1 3 —1
I 5 3 1 2 1/2

N=F=3, exactly like QCD!
I Calculable!

1
L=Lsw—-HOH™ 4T

1||D|1—m1 1 1—|—|2||D|2_m2 5! 2_|__#/u/paH Ha

4 HY
Color | Charge Mass Decays to
O > 0 mr Ww', zz, z", "
k2 b +1 mt + #mr wWrZ, W
L > +1 mp >
'—-[_'-)i b +2 mp + #mp -[_'-)W
kg D) 0 mg (" Z, 22)
3am?
2 _ P 40 2
T gz 292 Obmema,
3am2’ 3
2 _ p 2 2
mp = ——5 —g>t - +3bmg(mo+ m
m% = 2bmg(mo +2my),
L = O3k el oo = P,
$p decay — M IV eRI A Lj = P17 Y512
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The R-hadron Benchmark

SUB)nc | SUB)c | SUR2)L | U(l)y

"1 3 1 1 1
"3 3 3 1 "1/3
— n 1 a alul T 'mll n TH]] T 'mn " TH 1] $HO !"# a a
L = Lgm ZH’M!H + 1 M1 ¢ 1+ " 3l 3 M3 3 3+ 7/6 HM!H"#
Color | Charge | Mass Decays to
T8 8 0 M g gg ! 9Z,0y
3 3 "4/ 3 M, collider stable
1 1 0 My (99! vy ! 2,22
, _ 3ami _
mg, = 162 - 305 + 6bm=m3,
3amz /4 16
2 _ - 2 2
my, = 162 (égg + 391) + 3bm“7(m3 + m]_) ,
3b
mg, = - M=(Mg+3my),
c. = J_p,dl Cex; Py =0
#3 decay M 2 3 YRi VER] 3 — ¢1’75¢3
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The R-hadron
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The Tevatron Multijet Model
Literally copy the QED-QCD system:

(u7d7 3)! (373) under SU(3)color! SU(3)Bavor
(Take My gs ! Gimit) . e

y
U(1)eem A
! OdictionaryO © | :
s AT
I~ (3,3) under SUB)new xSU3)gavor T e ,.4"&
(m; = 0) | — € U E:"“x
SU(B)COIOI‘ * h
Then, we can Oanalog computeO everything!
| POl ete E— r—q—q coupling
L o1 et —> .71 coupling
byog v —> | -¢-g coupling

(M2, —m?%)im% —— m2/m3:

Only one parameter My !
T. OKUI (JHU&UMD)



What if we donOt pair up jets?

20000

Signal (1fb)
= Background (2 fb 1)
‘_E 15000 ml— — 35069\/
:ciloooo
cl’q% 5000 pTl > 120 GeV
< pr; > 40 GeV
0 400 600
m, (GeV)
S 2
e | > (15) =13,
Signal : 3.6 pb passing cuts \ i \ B
Background: 66 pb passing cuts BUT too subtle to tell. ..
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