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Quirks

“Quirks” -- New particles transforming under
a new strong force “infracolor”

Nic << Ma

as well as (part of) SM group.

Kang & Luty 0805.4642



Nic << Ma

Infracolor strings
don’t break --
no fragmentation.

N\ aco > Mud

QCD strings break

-- fragmentation.
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Stretched Infracolor String

Infracolor strings can stretch until energy
in infracolor flux tube is =~ oL = Aic2 L

Ex (10 keV)2

L~ O1Tmm) 350 Gey /%




Wonga Wonga

Collider signal qualitatively distinct for
Macroscopic versus microscopic

Our interest is microscopic:
10 keV << Aic << Maq



Energy loss, spin-down, annihilation

annihilation

radiation /
OIII‘III-I|III||-|



Energy Loss Assumption

Release:

~ /\ic energy
and/or
~ A\aqcp energy

infracolor
brown muck

at each

crossing.
QCD

brown muck Kang & Luty 0805.4642



Infraglueball Emission

For Aic << Mq, infraglueballs (g’g’)
escape detector as missing energy
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Quirky Calculability
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(Quirkonium Decays)

Depending on whether quirks are
chiral versus non-chiral,
the relative quirkonia decay rates
are qualitatively distinct and interesting!

See talk by Ricky Fok later this session.
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CDF Wjj excess
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http://www-cdf.fnal.gov/physics/ewk/2011/wjj/7_3.html
http://www-cdf.fnal.gov/physics/ewk/2011/wjj/7_3.html
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Quirky ldea:

“One-armed lobster diagram”



Quirky ldea:

“One-armed lobster diagram”



Quirky ldea:

Weak decay

Electroweak

oroduction Annihilation into

gluon pair

Energy loss



Strateqgy

Electroweak
production

Quirks transform as triplet under SU(2)L (with Y=0)



Strateqgy

Quirks are bound by infracolor; they lose

kinetic energy, settling
\

W:l:

into “quirkonia”

U+

I»I |

L N Yo < g, 4

<

Energy loss

; Y ..'
U ' ‘0,”
g, 9"

Energy loss into QCD and/or
infracolor brown muck;
events may have additional
underlying event and/or
unusual kinematics



Strateqgy

Weak decay

W ot

Engineer quirk spectrum such that
Am = m(uz) - m(uo) = 40-80 GeV;
large enough for B-decay prior to
direct annihilation uzuo -> SM



Strateqgy

Quirks carry QCD color such that
lightest electrically neutral quirk
dominantly decays into gg

Annihilation into
gluon pair
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Model

Scalar quirks “squirks” transforming under
[SU(N)ic,SU(3)c,SU2)L,U(1)y]:

U[N,3,3,0] and S[N,3,1,0]

Fundamentals >< Triplets under

under infracolor QCD color



Model

Scalar quirks “squirks” transforming under
[SU(N)ic,SU(3)c,SU2)L,U(1)y]:

U[N,3,3,0] and S[N,3,1,0]

/ \

SU(2)L triplet; Y=0 SU(2)L singlet; Y=0

U+
U (U3) S
U-



Squirk Interactions of U us ) , S

Renormalizable interactions include:

%M?]UTU n %MgsTS masses

+ Aua(UTU)? 4+ XNg4(S15)? quartics

+ Mg (HTHY(UTU) + A\s(HTH)(STS) Higgs portal

M (STSHUTU) “double wonga wonga”

k(H'T*H)(S'U,) + h.c. isospin splitting
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Renormalizable interactions include:

%M?]UTU n %Mgsfs masses

+ Aua(UTU)? 4+ XNg4(S15)? quartics

+ A\g(HTHY(UTU) + \s(HTH)(STS) Higgs portal

M (STSHUTU) “double wonga wonga”
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Isospin Splitting

k(H'T*H)(S™U,) + h.c.

After EWSB, this leads to mass mixing among the g=0 squirks:

S

S -

U+,U3 = >
»

This is the main reason for squirks (instead of quirks)
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Tevatron EW Production: uzub + u:uo
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Harnik, GK, Martin; 1106.2569




SU(N)ic with N = 3 or 4,
would appear to be sufficient!

BUT!l  Dynamics more subtle;
several other production processes;
(some highly constrained,
others can *add* to our signal)
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Tevatron Colored Squirk Production
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LEP production zero (uo: T3=0; Y=0).

Typical hadron collider production and annihilation:

(1 g9, 9
g o
_ :,TI .

40 9,

+ gg: Resonance in dijets near Mjj = 150-160 GeV;
super-safe from UAZ2 and Tevatron bounds

 g°g’: Annihilation to infraglue weakly constrained
by monojet search (radiate extra g)
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- If B-decay proceeds rapidly, get several pb of WW|j

- If B-decay not so rapid, can have direct annihilation

UkUs -> 99: 99 rr; ubuo



Horserace

Wi

B-decay B-decay

Y

WEn WEugu] 99 v g'g" woul W usuf

We calculated B -decay and estimated energy loss to arrive at
“net” WWjj, Wjj, r r signals from the various paths.
ncorporating crude estimates of kinematics with cuts, we find
Wjj can just as easily arise from WWjj, esp when W decay off-shell.
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CDF “pre-tag” constrains
o (WWijj) < 2 pb @ 95% CL

Actual constraint on squirk
production weaker when
[ -decay off-shell.



Benchmarks

Bench Bench Exp’t
1 2 Bound
Nz’c 3 4 -
Aic 1.6 6.2
My 120 145
Ms 150 250
4] 106.5 172
A4 2 1
mo 80 75 -
m+ 120 145 2 100
my 175 279 -
S 0.82 0.89
o(uou) 33 42
o(usud + uou;) 2.5 1.9
o(usul) 6.2 3.5
BR(uoug — g9) 0.51 0.48
BR(uou} = ¢'g") 0.49 0.52 -
OUA2 (uoug — g9) 0.3 0.6 < 90
oo(Wij) 0.72 0.84 ;
o (WW3j) 2.4 2.4
o (0t~ j5) x eff 1.6 2.0 <2
o(W3jj) x eff 1.3-20  1.0-1.5 <1.9
WWjj/Wjjiotal | ~ 8%  ~69% -
o () 0.006 0.004 < 0.01-0.04
o+o(W) 1.1 0.2 <814
AT 0.02 0.01 —0.05 — 0.2
oLucr(uou,) 480 430
oLucr(usul) 200 130

of all constraints.

Harnik, GK, Martin; 1106.2569

Specific parameters satisfying our estimates
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Summary

- New non-Abelian infracolor force + (s)quirks

- "Even” microscropic quirks have surprisingly

iInteresting collider signals

- W]j as squirk production

-- no associated Zjj or r|j signal
-- WWj; feeding into top sample
-- ¥ ¥ resonance (small?) from uzu+ annih
-- underlying event? unusual kinematics?



Extra



T Parameter
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Cross section [fb]

Typical Production Cross Sections
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