Szupermodellek:
Korai uj fizika az LHC-nel?

Ligeti Zoltan

arXiv:0909.5213

with Christian Bauer, Martin Schmaltz, Jesse Thaler, Devin Walker

Introduction
... early LHC plans and expectations

Resonance scenarios
... parton luminosities, couplings, rates

Some model building
... Z's, diquarks, promising final states

Conclusions



Disclaimers

Main Entry: su-per-mod-el .
Pronunciation: \'sii-por-,ma-d°I\
Function: noun

Date: 1977

- a famous and successful fashion model

~

rreeeer ||I|




Disclaimers

Main Entry: su-per-mod-el .
Pronunciation: \'sii-por-,ma-d°I\
Function: noun

Date: 1977

~

frreeeee ||||




Disclaimers

Main Entry: su-per-mod-el .
Pronunciation: \'sii-por-,ma-d°I\
Function: noun

Date: 1977

® As a well-known friend remarked:

“Unfortunately, the defining property of supermodels is that they are unattainable”

~

et—pt eeertd] f




Disclaimers

Main Entry: su-per-mod-el .
Pronunciation: \'sii-por-,ma-d°I\
Function: noun

Date: 1977

® As a well-known friend remarked:

“Unfortunately, the defining property of supermodels is that they are unattainable”

I'll try to convince you that — with our definition — this may not be the case

ZL—pT ey



Disclaimers

Main Entry: su-per-mod-el .
Pronunciation: \'sii-por-,ma-d°I\
Function: noun

Date: 1977

® As a well-known friend remarked:

“Unfortunately, the defining property of supermodels is that they are unattainable”

I'll try to convince you that — with our definition — this may not be the case

“...allow ourselves to contemplate new physics which is not motivated by model building goals
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Disclaimers

Main Entry: su-per-mod-el .
Pronunciation: \'sii-por-,ma-d°I\
Function: noun

Date: 1977

® As a well-known friend remarked:
“Unfortunately, the defining property of supermodels is that they are unattainable”

I'll try to convince you that — with our definition — this may not be the case

“...allow ourselves to contemplate new physics which is not motivated by model building goals
such as unification, weak scale dark matter, or solving the hierarchy problem”

= “l do not see how the course of physics could be affected by the existence of this paper”
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1A EXPERIMENT

Run Number: 152166, Event Number: 467774
Date: 2010-03-30 13:31:46 CEST

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html



Early LHC timeline

® | stopped updating this slide...

Nov 2009
Baguette
Injection
I I >
| | | |
e Zimm  gmmmo o
o) L 7 TeV Collisions 10 TeV Collisions
Injection at Injection 10’s of pb-! 100’s of pb™!
Test Energy i i
f?

® Usable luminosity % delivered luminosity

\

® Assume, pessimistically: 7—10TeV, 10pb~" (“low”)
100 pb—l (uhighu)

® The LHC luminosity and energy will depend on the behavior of the accelerator as
the run progresses — substantial uncertainty in predictions

NENSLS,
P,
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Q: Can the LHC with <100pb~*!
discover new physics?



Ay: No way...

® | ooking at practically any of the

mSUGRA reach in E] '+ jets final state |l TeV'

- . 5 . . .
existing SUSY studies: & 1400 9(3000) el e X e
‘-,; 1300 3 vears " 23
13 : : L) + DS . 7. .- - "' ‘f
Early LHC = “Engineering Run” E 1200 Lyear i (300,
’“mfr,ao (2500
1100 fb‘j
. _ 1000 9(200g)
® Other possible answers: -y - R
- “"m‘f‘lﬂfb-f -
800 |
® Good search at 10fb~" oo | i
_ £ Uﬂ[h’ —[150
— Good search at 10pb~? 600 | ~lmipyy
i 500 . %,
Probes an actual Lagrangian? 00 . T R
9,
|_ f h h b 300 h (114) mass limit ’aqi-f
® [ots of searches have not been 200 | ey, e, o
done before 100 Chargino Searches at LE
0 = il No symmetry breaking
Better to do at well-understood 0 500 1000 1500 2000
Tevatron detectors? [0TeV ~l0oph m, (GeV)
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A.: Yes —can find Z’ bosons

® Can clearly superseed the Tevatron sensitivity 2w [~ 2 = ;}g
_ - ] b = ¥ O
7 L] w2 s ¥ -7
q € | —— Z'x L/j?i:,//ﬂ
Z/ 18 =0 Z'yy 75‘?," ,,"/
= P e
A
. 4 i A///:/, o ATLAS
e «/;;,@’/
Integrated luminosity needed for 50 discovery = 71!-/
o _ _ 10" 9000 1500 2000 2500 3000
Initial ¢q state is not optimal for LHC’s advantage M (359

[Aad et al., ATLAS Collaboration, 0901.0512]

® Does early LHC search go beyond existing bounds?
The LEP bound, in simplest models: my 2 3TeV A

Model building gymnastics needed to construct models that can

. . +
be discovered with early LHC data (e.q. sawioni, viladoro, zwirner, 0909.1320]
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A,: Supermodels

® Could new physics be first discovered in early LHC? (beyond Tevatron, LEP, etc.)
® \Want to identify actual Lagrangians that:

1. Can be seen with 10pb~! LHC data
2. Cannot be seen with 10 fb~! Tevatron data
3. Yield clean, virtually background-free signatures

4. Consistent with other existing bounds

= Need to compare production rates at the LHC and the Tevatron

~
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The Tevatron is running well

® The Tevatron collects about 60 pb~*/ week, and can reach 10fb~*

Weekly Integrated Luminosity (pb)
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Week #
(Week 1 starts 03/05/01)

w Neekly integrated Luminosity

—a— Run Integrated Luminosity

” 6000.00

4000.00

Run Integrated Luminosity (pb)

| 2000.00

95 125 155 185 215 245 275 305 335 365 395 425 455

in 2010

® And CDF and DQ are well-understood detectors (jet energy scale, missing Er, ...)
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Cross sections

® Early LHC discovery:

NLHC > 10

events

o > 1 pb — mostly SM processes

10pb~ ! is a lot of data!

® Early first LHC discovery:

NTEV < 10

events

10000 pb~* is really a lot of data!

IIIfJ

Oiat

Oh

o E' > 5/20)

oy (M,,=80 GeV)
oz (Mz=91 GeV}:
o,(E¢* > 100 GeV)

Tevzittron LIE—IC
: p g
.—a-—'/
] /
#H;Jff#
#"Fﬂ#ﬂ
/
<
L
/| pb

Nevents = L X 0 X Br x Eff

10"2' 1TV
2 s

10°

1074 q O_S"ﬁv

® Three orders of magnitude change [ owgsMy =150 Gev) 108 :'- | Tev
from 2 — 10 TeV is indeed possible Origgs(My = 500 GeV) 10°
e e
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‘ How to beat the Tevatron

® “Easy” signature: (detectors won't be very well understood early on)
Ipb  “low”
N- 210 = x Br 2 .
LHC T { 0.1pb *high’

® Better sensitivity at LHC than at Tevatron, LEP, etc., Nyuc 2 Ntev

(£ x o x Br x Eff)
(£ x o x Br x Eff)

LHC _ (£x0) 50 _ OLHC LTev { 10°  “low”

TEV (E X U)TEV orev ~ Lrmc | 102 “high”

® Recall: do

1
15 :Z 5'13(§) X/O dxzdx]fz(xz)f](xj)(S(é—a:zazjs)

| & 7

1] collider indep. ~~
process independent

“parton luminosity” = F;(s, §)

oLnc _ Fij(suuc §)
orev  Fi;(2TeV, 5)

® 19 s
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Ratio of LHC / Tevatron parton luminosities

LHC (7 & 10 TeV) vs. Tevatron

LI |

Parton Luminosity Ratio

0 500 1000 1500

V3 (Gev)

® | HC wins for sufficiently large § (partonic center-of-mass energy)

In g9, gq, gqq channels above ~800 GeV, Iin ¢gq only above ~1.3 TeV

~
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Resonance scenarios




First supermodel attempt

® “Well-known”: LHC = gluon collider = QCD pair production (large gg channel)

1. Npgce > 10
Yes! 1pb @ 10TeV for 500 GeV pairs

2. Nty < 10 g
Need to check (next slide)

3. Highly visible final state?
Need model building (in two slides) g

4. Satisfies other bounds
Can be arranged, believe me...

Q)
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First supermodel attempt

® “Well-known”: LHC = gluon collider = QCD pair production (large gg channel)
1. Npge > 10, 2. Nty < 10

QCD Pair Production Reach (Ny = 1)

LHC Luminosity (pb_l)
=3 =3

[a—
S
(=]

—
S

2 4 6 8 10 12 14
LHC Center—of —Mass Energy (TeV)

® Supermodel at 10 TeV LHC with 100 pb~* but not at 7 TeV with 10pb™*
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First supermodel attempt

® “Well-known”: LHC = gluon collider = QCD pair production (large gg channel)

3. Highly visible final state? Background free?

Leptoquarks
Stable “quarks” q
s L
g @ N o ot
A
“~. -
g Q Lq 'f

several variants, R-hadrons
2 jets 42 leptons w/ QCD cross section

® These can happen with 100% branching ratios

~
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Possible to do better!

: . - d3p; 1 \"
® Phase space factor for final state particles: | | - = ( )
1 (27’(‘)3 ZE,L

® Focus on single resonance production (like Z at LEP)

| gg “Higgs” | qg~ “Excited quark”
Our “notation”:
p “Z/” “Di uark”

44 ‘ 14 d " = loop factors

g g
--- h Q'

g q
L L 1 Q'i1Dq not gauge invariant = i@a G"
OOp =4 167’(’2 M q g g A nv q

® Both gg and qg: substantial suppressions — if weakly coupled: A ~ 1672 M

~
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‘ LHC vs Tevatron reach

LI LS L L L L L L L N N IO N B N i |
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Supermodel parameter space

® Cross section ratio: orpc/orev > 103 [10?] for LHC with 10pb™" [100 pb™"]

uu Resonance Reach
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Supermodel parameter space

® Atleast 10 events: oruc > 10°pb for 10pb~*

(can scale w/ Br x Eff in a model)

uu Resonance Reach
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Supermodel parameter space

® Combining both conditions:

uu Resonance Reach

IIII/I /17 1T 1T 11 rrr 1T rr1T 111 1T 1T T T"1

10 pb

2000

1500 f

1000

Resonance Mass (GeV)

500 -Ll Ol1 1 -
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2 4 6 8 10 12 14
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Sanity check: sequential Z’

® In this case g2; x Br x Eff ~ 0.01, “predicts” a 1 fb~" Tevatron bound about 1 TeV

uu Resonance Reach

2000 _I LI I/I rrrrrsao0 0 1 rrrrrrrrl I_
a 107" pb /

10° pb

1500

1000

Resonance Mass (GeV)

500

2 4 6 8 10 12 14

LHC Center—of —Mass Energy (TeV)
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Sampling Supermodels




Supermodel Building

1. Npgc > 10 w 10 TeV LHC with 100 pb™!
gg: QCD pair production
qg: Excited quarks

0
7TeV LHC with 10pb ™1
2. Nrgv <10 J qq: Z' & qq: Diquarks
3. Highly visible final state? Next part of the talk
(need to avoid decay back to the initial state)
4. Satisfies other bounds Can be arranged...

~
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qq resonances

LHC Luminosity (pb_l)

5 TeV

4 TeV




7' bosons (recall from before)

® | HC production: LEP bound:
q e e e
A A
q eT er em

To avoid LEP bounds, no flavor-universal g, , values allow Z’ to be a supermodel
o0(qq — Z') < gg, B(Z' — 747) o< g7 /(augy + 65)

® Can imagine an electrophobic Z’ to suppress B(Z' — ete~), a B — L, boson...

q T
Z' Works, but would it be your favorite?

[Salvioni, Strumia, Villadoro, Zwirner, 0911.1450]

~
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7' bosons (recall from before)

® | HC production: LEP bound:
q e e e
A A
q eT er em

To avoid LEP bounds, no flavor-universal g, , values allow Z’ to be a supermodel
0(qq — Z') o gg, B(Z' = +07) o< g7 /(ag; + 697)

1.2 . |
0.14; X=B-3L, EWPT X=B-3L, ’
0.12 GUT L :
0.10 - 0.8
%0.08 QEO.G
0.06 CDF|3“E’
0.4
0.04 7o (10TeV) ;
0.02 e A — -
0007260 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 [0911.1450]

Mz (GeV) Mz (GeV)

~
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7' decays to exotic stuff

® Simplest idea: the Z’ decays to two new stable leptons
q L~ Can have large branching fraction

Z/
No FCNC bounds

q I+ Cosmologically safe if late decay

® Could encounter Hidden Valley type topologies at 10 pb ™"

q . : .
5 P2 ,@% Large ¢1¢2¢- coupling for large branching fraction
1 /
-—--d
\ Small couplings at ¢, decay, so it hasn’t been discovered yet

q ¢2\\@%
Unlikely to be easily reconstructable

ZL —p.19 N
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qgq resonances

LHC Luminosity (pb_l)

llllllllllllllllll\lll
7 TeV
6 TeV
5TeV \
4 TeV

3TeV

111100 11 111111

11 1411111

2 TeV :

11 1111111




Diquark resonances

® Enormous cross sections possible:

Large luminosity
2 TeV Diquark vs. QCD dijets

——

---B

S+B

T 1600 1800 2000 2200 2400
m(jj) (GeV)

® However, the dijet final state might be problematic in the early data

[E.g., superstring inspired Eg GUTs contain/predict diquarks]

~
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Flavor bounds can be satisfied

Case|SU(3)|SU2)|U(L)y|SU(3)uy, x SU3)py x SU(3)g, |Couples to

. MFV . f ﬂ I 1 2 1/2 (3,1,3 g Qr

® Canimpose to satisfy flavorbounds | | . | , |, s ey
I11 1 2 -1/2 (1,3,3) dn Qr

v 8 2 -1/2 (1,3,3) drp Qr

(v ]| 3 1| -43 (3,1,1) g i

VI 6 1 -4/3 (6.1,1) Up UR

V11 3 1 2/3 (1.3.1) dr dp

VIII 6 1 2/3 (1,6.1) dr dg

: . x| 3 1 1/3 (3,3.1) dr ug

V — XIV are various diquark states ¢ &=l = | @ |i= 831 i 2
XI 3 1 -1/3 (1,1,8) Qr. QL

X1 6 1 -1/3 (1,1.3) Qi QL

XIII 3 3 -1/3 (1,1,3) Qr QL

L X1V 6 3 -1/3 (1,1,6) Qr. QL

[Arnold, Pospelov, Trott, Wise, 0911.2225]

~
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A Diquark Supermodel

® Squeezing leptons from diquarks...

_|_
q /
D
Dilepton edge, corresponding to D and L pg masses °
-
In simplest scenario, Lpg decays via production dia-q Lpq .
gram (off-shell Dg) .
® The most Z'-like signature: ¢4~ with a high mass edge + 2 jets (color cons.)
® The identical 25 + ¢7¢~ channel is well-studied for “more motivated” searches
® The same final state is the classic signature of qx o ¢ or¢
left-right symmetric models I
e N -
Discovering a Wr @ 2 TeV requires > 1fb~" W, T Two jets
® With diquarks, interesting search at 10pb™* | RS
[Figure from: Aad et al., ATLAS Collaboration, 0901.0512]
ZL —p.22 =
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Squarks as Diquarks

® MSSM with R-parity violation and slepton LSP

u b

® W = \13U°DcD*° allowed with O(l) COUpIing b o+

for squark masses > 1 TeV .-

Decay chains very sensitive to spectrum g\@ j

E.g., if: gluinos > squarks > SU(2) gauginos > bino > sleptons jj
® |f mass ordering is: squarks > gluinos > SU (2) gauginos > sleptons > bino

b —>bg

Ly 2535 Many ways to get copious leptons...
L> te Let alone if left- and right-handed sleptons
L> £x1 alternate with neutralinos...

L>3j,

ZL —p.23 ,/\|\9.‘



With less than 100pb~! of early LHC data...

...can we really expect to probe new physics?

Yes! Supermodels!



Conclusions

® Huge difference between 10pb~* & 100pb~* (and 7 TeV vs. 10 TeV)
® Marginal reach for SUSY, Higgs, little Higgs
® Substentially extended reach for Supermodels — two representative examples:

100pb™ % Z/ — LTL~-
(stable charged particles, not necessarily slow)

10pb~': Diquark — 2j + ¢+¢—, etc. — true supermodels
(high mass lepton edge, extra hard jets, no missing energy)

® Good benchmarks for later searches — generic new physics signatures, plus
actual Lagrangians to make it interesting in early data

® When ATLAS & CMS get near 1fb~* of good data, even at 7 TeV, there is clearly
significant discovery reach for many “more motivated” models

~




