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x First of all why showld we took beyowd 4=

Strong wotivations cowee frowe thetieortes winteh
try to Lncovporate ovavitir v aoiimakians taeoryy

x Sowme of the wodels offerbinterestimeg solittioms tosome

Long) stawdting proltencs sateravengy; darik-niatter,
cosmpltogical comstant

» UED for exauple; provides DM tunifiecation at a
testable scale; prediction for nwwimlber of fermLon
O EneratLowS, WAty a LLy towgy protow Lite tLme....
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Plan of this talk...

* MUED : Brief tntrodiction/backorovmno
* implicatiows of Hidigs discovert) ov

WM UED spectritme
* Relook atisonne awaLgsLs witth
conventtowal techwbgies::
* New: strategies for e @ the LHC ?
% SuUmintar avcot:Eutbool:

Based ow: PRDEF (2013) AD, Sreerp RA gchavwlhuri

5
Phys.Lett. B#12 (2012) AD, Amitava Datta, Sujoy Poddar
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unlversal Extra Dimeension : Lt a nitshell

SU(3) x SUR) x U(L) gauge field theory o 4+ 1

dimensions (with stmelar frelo:contewt that o SMm)

A extra space like dintensiow ts of fimite size (2aR)

Gauge, Higos and Yukawa: wegettve mass - dtmension
Aw effective theory-vatediveptorarscates/x

As wsual “PPLU R Evediicttom on S5 'ﬁeLds :

vt Apply pertodic b.con 5d frelds at Yy = - nR and y = + IR

Two Litnite towers of KK -excitations

R -member (n) + discretised momentum along 5—d£rec‘c£ow
Alva s o Lolewti-{:g w=0 mwone particles and thelr nteractions with SM

Appelguist, Cheng Dobrescu, PRDE4 (2001)
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http://inspirehep.net/author/Appelquist%2C%20Thomas?recid=538212&ln=en
http://inspirehep.net/author/Appelquist%2C%20Thomas?recid=538212&ln=en
http://inspirehep.net/author/Cheng%2C%20Hsin-Chia?recid=538212&ln=en
http://inspirehep.net/author/Cheng%2C%20Hsin-Chia?recid=538212&ln=en
http://inspirehep.net/author/Dobrescu%2C%20Bogdan%20A.?recid=538212&ln=en
http://inspirehep.net/author/Dobrescu%2C%20Bogdan%20A.?recid=538212&ln=en

Problem with compactification ow ctrcle

Look at the 5d fermitowie freldl::

lI’()(,gj) L ST LS 4 COMPONENt:
0 0 Vd ’ ’ /’
1p+ Y of Land R chtralor owe of thent ts Left and the other is right

*at w=0 presence of both Left and right chiral projection
we would liRetowrite Sti(=) @) gavge fretol theory LS dint

Suppose, W is a menber of SU(2) doublet of weak I1-spin
EESM Ln 41 effective theory contains of both L-and R-
chitral SuU(2) doublets
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Saving the compactification:
way out : Demano some extra SY mmetrg[

Action to be tnvartant under Y — -y

ldewtifg the (action at ) points tin upper half (o< Y <AR) with (acton at ) those points
b lower half (- TR < y-<0)

Extra dimenwston Ls wow restricted [o: T =]

P

Montenwtint - al ool i AL ECELOW LS INOE COWSEVER AN IOV

alowg) with

Components of 5B fields are assigned with a quantum number called KKK-parity

All scalars, gauge and fermions whose o-mode corresponds to

any SM field are assigned with KK-parity +1



Awnd how the fields Look Like after timpostng :b.c.s/orbifolding:
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Summary : Infinite copies (for each w) of the (almost) SM
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This procedure for getting rid of unnecessary
mooles are egquivalent to

(L) restricting the lewath of extra=d from: Oto T =R

anol
(iL) tmposing Newmanvi o Drrchtket-bicsion the frelos
Evew KK=payiti sosOciils =g (1) faw = 0

ood K,K,—paritg P Pr=0) = P (x Y =1mR) =0

Restdual symmetry = Reflection along a line y = /2
KK-parity
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interactlons : KK-parL’cg consenv/ation

S,.= | S, dy

KK partty consenvatiow tiwplies
aloebyaie:sumiof KK parites-of the
partielesionw the vertex should add vop to a
AVAALY iwteger. (stmtlar to R—'Pari’cg LA
SUSY)

WA E GRS LU= even tnteger

SM partiol,e (w=0) cawn ong coupleto a Pair of W =1 KK-
particle.

The Llightest KK (w=1) particle is thus stable. Possible DM 11
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rRadLiative Corrections 2 \Wh Y?

Tree Level mass for nth RR-mode : €2 = p+ p+ p2+ (p°+ m?)

Periodla b . sy Bis WA

Constolerithe decag fl i ]c OV :

Spectra of n=1 Kl-1moddd)

(M - VM,yi) /) Wer<< (liM

U

=adiative correctlons are
extremeng meortawt ]
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radilative Corrections

Two distinct Rinds of terms
| p4| conseniting : Bulk Corrections  (fimite)
| p4| violating : Brane Localised covrvections

Georgl, Grant and Hatlu, PLB506 (2001)
Cheng, Matehev and Schamltz, PRD

| Contrtbtctiows oradintive corvections from the
3 ( m%n ) = m- - ) —— ‘ . energy seuleabovexare compte’ceLg UNRWOWW ..
5 (3 )
LG LLLE A R MUED ¢ the contribution above A Ls

pamme’criseol L sueh a wa Yy that total
- / ) 2 \ : - , ’ ’
o(m, ) 5 1672 X contribution at A vanishes..

.

=Sl o 2 > ;
O (._nz}]n"l — I“n (392 +

= Brane bownd tevws are Logavithwmically divergent:
corvections are sensttive to cut off A only via Log..
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what should be an tntelligent guess for A 2

To answer this we must Look at the guantiim corrections to
SM couplings from KK-modes; e.g the corrections to-gaunge
couplings...

Bhattacharyya, AP, Mg’y’ee,
ravekawdanry, _N?Bféo

Theso-cutled:vionwing of
covcpliwgisiare violewt. .as
neore anwoincore KK-Levels
stavt comtrtbuting to the -
fuinction as we o higher tn
ewergy scale.

s geweric contrtbutiow from stngle KKK -Level

So there ts a so called unification for S = 20



rRadiative Corrections ... Movre.-.

Motivated from this “wnrfication” people:wereiusting
a cutoff which correspowds to Si=20 et /X~ 20/R.

Spectra =1 - : [ ;
Pectr D‘fl/\a KR-mooes LV\/OLIA.dC GDYYCGtLDV\/S S‘PCOtYDI O‘f nw=1 Kk-modes with

A =20/R
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cawn we have a wmore conclusive guess for A ?

we have to tnvestigate the effect of KK~
modes on the rewormalisation of & (m ).

AlL posslbte KoK ~excltations
L the Loop.

Depending ow the bowndary value (at W scale), A could
etther hit the Candavc pole or tewd to negetive values at
some higher energy scale !
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RUANEUMWL covrectloms to h or A

owe can oertve upper anol G Bhattacharyya, AD, S. Majes,
Lower bouwnds o & (W) Pl A. Ridgehavdiiry, NPB362
from the consideration of .
triviality and stability
of EW vacuuwm and
lands twto the fancous
‘Higos Corridor’

1000 .. 10000 100000
A (GeV)
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Relook at the corridor after ‘tiggs discovery’

Now wWe Rnow mLore or
less preclseLg where we sit
on the 3—a)<£s....u!

1200

1000

800

600

unstable vacuum

400

200

M= 122 GeV A (GeV)

- stable vacuum q;,\/es Uus "CDV the ‘ﬁ«VS’C
04 08 12 16 tume aw Loea about the

1L cut-off A 11!
For 125 eV Higos , AR =5

ADB and S. Raychaudhuri, PRDPEF 2013
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KK-masses at w=1 after tHhiggs discovery

**easy to see that allthe vadiative corrections get dilicted
at least by a factorof L/ Cog (4 =8)

n = 1 states

J1

AD and S. ra gchaudhuﬁ, PRDLF (2012)
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WMLAED @ LHC

cetLown o+ ar

PP— 4 @1t q

q+ 7

g+ 72y =g+ =+ T = g+ 00 + 4
qr 5L I,I.-'l:!:

g+ qlq)

= W=ty 6+ 0@)+m
=2 qq TN
= v(P)+& —Sv(@)+E+m

— F+u(n) = vd)+E+w

Owne expects me jets + wn leptons + missing energy
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MUED signature @ LHC

As with a lower cut-off masses ot strong by Lnteractine)
particles have beew decrensed weexpect thnt thielr paty
production rate willgo up:

However vistbility of the sigal depewdls icpon hiardwess of
the jets , Leptows, mtssing everdiy

Hardwnessiof thejets leptows missing energl) depends on
CEVtALA ILASSIOAPS

jet: M(g1) — M(q1), or, M(q1) — M(~v), or, Miq1) — M(Wy) \f (Z1);

lepton: _1_7 [3[(_ Z1) — M .:']. Or. % [\[uII 1) — M (v .:']. or, M(€y1) — M(~v).
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Correlatiow of total cross-section with
the relevant mass gaps

Total cross-sectlon
: has an antL-
0 40 60 80 100 120 0 20 40 60 80 100 140 180 OorreLatLOW to the

M(@,) - M(q ) [GeV] M(a,) - My ) [GeV]

Cross Section [pb]

Cross Section

MOASS OAPS :
This Ls a bad news!

Cross Section [pb]

2
Q
c
O
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O
O
N
n
2,
=
f
O

SO - S e o 8 AD and S. Raychaudhurl, PRDPEF
MW, ) - M(y )}/2 [GeV] M(/ ) -~ M(y ) [GeV]
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P spectrum ot the ] ets

Hadvronlsation, ISR FSR D YRy THIAPYCELL

This s normalised to 1, RCD, tt have long tail...

Wednesday 13 March 13



MLissing pr- Spectrum

cCanwot Lot with SMHERCT tt ) with traditional
WEAPOWS (p SMET )
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Look at some wumbers for jets + £ .

model < 2jets+ Ky 3jets+ Er 4djets + Er >4 jets+ Eyp
L—C’PtDW VEto DV\/Lg mUED  116.9 (97.4) 66.6 (63.4) 44.2 (41.5) 37.0 (43.8)

Leptow Veto -+

PTGC’C) > =n mUED 4.56 (3.12) 1.08 (1.4)  0.58 (0.67) 0.16 (0.31)
i SM (tt) 2.9 7.4
GevV, MET = SM (QCD) 1432.4 1386.3

100 GeV
ALl the cross-sections are Ln pb

Al the wunmtbersiare with T/R=500 eV @ 14TeV LHC

Effects of these cuts on mUED signal Ls very severe..!

AD and s. Raychaudhurt, PRDPEF (20132)
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Numbers for Leptons +iets + &,

1£ + jets + E; 2 + jets + E;
model a(pb) a (pb)

mUED 76.6 (81.8) 10.39 (11.9) | 725.3 (1002.0)
SM (QCD) 30420.0 0.0001 —

SM (EW, tt) 52612.7 3 884.2 T2
10 GeV < p.‘}. < 25 GeV mUED 10.35 (9.5) 54.5 (91.4)

10 GeV < By < 25 GeVIll oM (EW, tt) 16 434.1 V 0.5

ALl thewunmbers are Wit 4/ =500 - GeV.- @ 14 Tev LHC

Lessown to learw : trﬁ-—wp’cow stgnal can be seen with Last
combination of Rinematic cuts...

AD and S. Raychaudhuri, PRBPEF (2013)
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FEW BVEWL-SNUPE VATLALLES COWE NAWAY TOV
lets + MET signal...

unfortuwnate to Loose the jets +:MET stgnal,
which has the largest cross-sectiow

1/R > 900 eV
@F TeV

with A = 20

PLBA12 AD, A.
patta, S. Poddar

SMbackgrovand canbe completely tamed using
Re<oand O0+> 0.6

IR LI/R > 650 GevV @ FTev with A = 5



Summary § oOutlook :

3 Thanks to Higgs discovery !

For the first time we have an

Ldea about the unknwown cut-off At the MUED.

B A relatively lower cut-off reduces amownt of radiative
corrections to the masses of KK-modes tn mUED.

 The above implies a higher producction cross-sections for the
KIK-particles for the same vale of 1/R. (Good News 11)

R Already compressed mass -spectra for =1, KK modes gets

WLOYE aompresseol.
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 PT spectruum for jets ana Lepton becomes softer and more
vulnerable to the Rinematic cuts which tame huge SmM
backgrounds (Bad News !1)

%} n the post Higgs era, only hope for mUED Ls to Look: for jets -
tri-lepton. + MET stgnal whieh has Limited mass reach.

&k Search strategies based ow event shape variables offer a
new and powerful techwigque for LHC search of models with
compressed spectra LLRe MUED.

Thank You !!
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