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If Nature repeats itself at TeV...
- QED-QCD system - - Vectorlike Confinement at TeV -

(i.e. SM at GeV < E < My )

4-fermion op. 4-fermion op.

quarks
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color force hyper-color force
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If Nature repeats itself at TeV...
- QED-QCD system - - Vectorlike Confinement at TeV -

(i.e. SM at GeV < F < Myy)

quarks
(vectorlike)
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Confin:emen’r
“Gauge Mediation” 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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The Signhature Process
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The Signature Process
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How does 7 decay?
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Two fates for 7 : Life can be short or long
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Absence of excessive flavor violations
——> Stable on collider time scalel
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Summary of Framework

stablel

* 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

T. OKUI (FSU)



The Di-CHAMP Resonance
2 species: 1 X (Say, EW doublet and singlet w/o color)

%short — @ @_ %long — Charged, massive & stablel
(&) oy o ("CHAMP")
— a pair of W, Z,~ Existence very generic!
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The Di-CHAMP Resonance
2 species: 1 X (Say, EW doublet and singlet w/o color)

Tlshort — 2 %long — Charged, massive & stablel
(L (J o ("CHAMP")
— a pair of W, Z,~ Existence very generic!
photons
- A CHAMP = g nassive "muor'
_mtp Spectacular collider signal
™ e

Resonant CHAMP pair production! N
T Tlong CHAMP!

new confining force
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Can we see the parent P resonance?
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[fb/100 GeV]
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Can we see the parent P resonance?
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Can we trigger on the CHAMPs?
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Trigger efficiency very high
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The Multi-photon Resonance Signal
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Look at 7ot OF the same model.
N v, W, Z
WShOTt—< W, Z

v, W, Z

7/:‘:Short < 5, W, Z
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Look at 7ot OF the same model.
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Can we reconstruct p and 7?

T. OKUI (FSU)



Can we reconstruct p and 7?
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Can we reconstruct p and 7?
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an we reconstruct p 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: 1 X (Say, color triplet and singlet w/ hypercharge)

O -~ _ 0 ©

%1ong = Colored, massive & stablel Tshort — L
@ (—="R hadron") @ @

— 99 (~99%) , 97,97
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Tong —

The Di- and Tetra-R-hadrons
2 species: 1 X (Say, color triplet and singlet w/ hypercharge)

D
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(—"R hadron”)
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The Di- and Tetra-R-hadrons
2 species: 1 X (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: w w/ no electroweak int. Only QCD int.

Color octet 9 &
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Multijet Resonances at Tevatron

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

Color octet 9

No Tiong
. . jef
Kinematical features:
event rate event rate event rate
P T T
E,+E,+ E.+ Fy Eq + By E.+ Ey
(in c.m. frame) (in a-b c.m. frame) (in ¢-d c.m. frame)
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Observables and Cuts for the Tevatron Multijet Model

Ea, pa B3, p3 (1) To pick out the ,5
/ ma; = E1 + Es + B3 + B4 (in e, framo)
\\ / (2) To pick out the two 7’s
_><“,:$<— (i) choose 2 pairs 77 and £l

(ii) calculate
MG = E; + Ej (in i-j c.m. frame)

E4 D4 and similarly Mkl
E, pl (III) minimize Am = \mij — mkl]
(pT1 > PT2 > PT3 > PT4) (iv) keep event only if
(PT = |PL beam|) Am < 25 GeV

(v) take average
(maj) = (maj + mi) /2
(3) Signal: pT1 ~ pT2 ~ Pr3 ~ P14

Backgrounds: pti > pr2 > pr3 > pr4

so keep event only if pr; > peutorr for all 4 jets
T. OKUI (FSU)



m,. (GeV)

Discovery potential for :m; = 350 GeV

700 |-

600 —

500 [~

300 —

T'@Tevatron

| Signal (1Y) Opp—p = 1(11?—p1b0—36 2)
" Background (2fb™) ’

0 | | | | i | | | | 1 1

0 100 200

<m,.> (GeV)

Signal: 2.7 pb passing selection criteria
Background: 21 pb passing criteria

(mﬁ = 100 GGV)

PTi > Pcutoff = 40 GeV

| Min \mij — mkl\ < 25 GeV

ij, ki

pr1 > 120 GeV

(CDF single-jet trigger:
pr1 > 100 GeV)
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Discovery potential for
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pr1 > 120 GeV

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

[5G

bins

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

4-fermion op.

EM force ,~ quarks

(vector-like)

ew fermion
(vector-like

leptons

<

new confining force color force

* can robustly evade all existing precision constraints
* can lead to extremely rich collider phenomenology

€.9.  Multi-jets resonances Di-CHAMP resonances
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Backup slides
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do/dp, (fb/50 GeV)
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The Di-CHAMP/Multi-photon Benchmark

L= Lsm —

L

-1 N=F=3, exactly like QCD!

— Calculablel

SUB)no | SUB)c | SUR)L | Uy
(U] 3
0y 3 1 2 1/2
1 a auy VAR " A A HH Uvpo rra a
7+ DriDabr — mahy bt + ailDrhe — matherhe +- ¢ HuHy,
Color | Charge Mass Decays to
7o - 0 mr WYW =, ZZ, Z~, vy
7 = +1 | mr + dmr W*Z, Wty
= - +1 mp =
= - +2 | mp + dmp FEWE
TS - 0 ms vy, (vZ, ZZ)
3am?
2 2
mp = 167r2p - 295 + 6bmsmsa
3am?2 /3 0
i = ot (398°+ ot ) + omatma ),
mg = 2bms(mg + 2mq),
Cij ;pu T —
7p decay — ng)D eRz'CfY,ung JgLD — ¢1’7M’75¢2
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The R-hadron Benchmark

SUB)nc | SUB)G [ SU@)L | Uy
(o 3 1 1 1
(R 3 3 1 —1/3
1 a auy VR " oy s QH Urpo rra a
L= 'CSM - ZH,UJ/H + ¢1@¢¢1 - m1¢1¢1 + ¢3Z¢¢3 — m3¢3¢3 =+ ZE H;M/Hpa
Color | Charge | Mass Decays to
TS 8 0 Mg 99 > 94, g7y
3 3 —4/3 | msz, collider stable
T 1 0 mz, | 99 > vy > ~vZ, 727
3am?
m72~r8 = 167r2p - 393 + 6bmzmg
3am? (4 , 16
2 P 2 2 -
Mz, = 62 (ggg + 591) + 3bmp(m3 +mq),
3b
m72~T1 = Emﬁ(mg + 3my),
C;i T -
Eﬁ'g decay — #Piﬂ dRiceR] Py = ¢1’7577b3
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The R-hadron Benchmark
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The Tevatron Multijet Model

Literally copy the QED-QCD system:

(u7 d? S) ~ (37 3) under SU( )colorXSU(S)ﬂavor
(Take My d,s — 0 limit) U € q

U(1)eeMm
:H: “dictionary”

v~ (3,3) under SU(3)new xSU(3)aavor

(my = 0) |
SU(3)color
Then, we can "analog compute” everything!
Lo _sete- —> -q-q coupling
R —> p-7-7 coupling
Loy —> 7-g-g coupling

(77”L72Ti—77120)/7n2 S m%/m%

Only one parameter my; |
T. OKUI (JHU&UMD)



What if we don't pair up jets?

20000 |

ISigna'l (1 fo°Y)
- Background (2 fb~')
‘T% 15000 mﬁ — 350 Gev
i (mﬁ- = 100 GGV)
E
o pr1 > 120 GeV
) pr; > 40 GeV
" m, (GeV) .
g 2
Signal : 3.6 pb passing cuts \ bzns (ﬁ) =13,
Background: 66 pb passing cuts BUT too subtle to tell...
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