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unilversal Extra Dimeension : Lt a nitshell

SU(B) x SUR) x U(1) gauge freld theory b4
dimensions

X extra space Lke AUmensions 1 ofniee Stz e (2r)
Gauge, Higos and YuRawa:  wegettve mass odtmenston

Aw effective theor v beet WptorSeules/X

AS usual apptg RS CEEON O ST -ﬁeLds :
ok

APplyipertodicioeiovs St ifrelds at = orano iy =21R

Two Litunite towers of KK -excitations

AR womber {w) diseretised momentum along y-direction conservation

Adna 1o Ldewtifg Ww=0 motle par’cicLes and thelr interactlons with SM



Problem with compao’ciﬁaatiow ow cLrele

Look at the 5a ']CCVV%LOV\/LO ﬁel’d : ' s 2.0 |Vi()e B+ " (z)e R

4 x 4 wmatrices T 7 (yy, LY ) define the Clifford algebra tn 1+4 dum.
owne cannot have a chirvality operator in 1+4 dim.

lI’()(,g) LW 5D LS 4 component:
Y2 P2 of Land R chtral orowe of thenu ts Ceft and the other s right

*at w=0 presence of both Left and right chiral projection

we would LrRe towrite SUR) (L) ‘gavge frebd theory Linv S dim

Suppose, W s a member of SU(2) doublet of weak 1-spin
ERSM Ln 4D effective theory contains of both L-and R-
chiral SU(2) doublets



Saving the compactifreation:

way out : Demand sonte extra sy mme‘crg

Actlon to be tnvartant under Y —-y

ldentify the (actiow at) points b upper half (0<y <TtR) with (actow at) those points
L lower half (- TR < Y <o)

Effectively folding the full curele tnto a half-circle

Extra dimenston Ls now restricted [o0: © =]

MoVIWgl: arontdiOs == 0 nsiwell as iR+ <> TR~ Ls ot smooth
AVl meore

Y=o and i = R Fixed pounts ow the orbifold

Fashtowable wawe for this : Orbifolding



Saving the compactification: (cowtd....)

Components of 5B fields are assigned with a quantum wmber called KKK-partty

Operationally sanwe as restrieting the bouwdaries of y-divection
from [o: TR and tmpostng Newneawin or Birchilet b.cs.

odd KK,—pari,tU - Pix; Y =0)r=P(x Y= =) = 0

Even Ki-parityy 0, D0 y) = d, P (x, y) =



Solving the compactification:

Awnad how the frelds Look Like after tiposting.cis/orbifolding:

Summary : Infinite copies (for each w) of the (almost) SM
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Interactlons : KK—pari’cg consenv/ation

KK-parity conservatiow iiniplies algebraie svom of KK
parities of the particles i the vertex: shouddadd upton
even nteoer. (Similar to R—paritg I SUSY)

RS g RS = teve s Linteoier

SM partial,e (W=0)-can ong couple o ‘pair 0{ W =1 KK-
particle:

The lightest KK (w=1) particle is thus stable. Possible DM 1



rRadiative Corrections 2 \Wh Y?

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

Consterthe deaag {1% TCO'\’i

Spectra of n=1 Kle—mode(sa)

> 5 2 2
my, = m- + 5z (V\A,ei T wai) / mei< aEM

U

Radtative corrections are
6)<tremeL(uJ meortawt ]



rRadiative Corrections 2 How?

Prescription : Georgl, Grawt and Hailw, PLBS0E (2001)

e —+ 2 YRy

k2 — k2)[( 2 )2 {"1’~P’5 F Opy—pi 15 — O2ky, (pot+py) — O2kg( as—ai)":‘s}
k2 —k)[(p— k) — (ps — ks)?] L 7° 578 5 5 57P8"Ps

2 Upps)TY (P ph) (8(ws) + (L — w5)) ¥(x, 25)T9(x, x5)

ps=pr+2mn/L

Backiin co-ordinate space s Bulk Corvectiows (p5 conserving)
Brane corrections (p5 violating)

= Brane bownd tevws are Logavithwmically divergent:
corvections are sensttive to cut off A only via Log..



radiative Correctlons ...Move. ..

Cowtributions to radiative corvections frowe the energy
scale above A are completely wnRwoww::::

Simtilar to
choosing mo =0

LR meUED 1 the contribution above A Ls n MSUGRA
pamme’criseol L such awa Y that total

contribution at A vanishes..

(a)
Spectra of n=1 KRk-modes

tnelude correctlons
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Jets + missing energy @ LHC F Tev.

Large pair productlon cross=section for:coloviredt

nw=1 KK-modes @ LHC F TeV

For 1/R = 500 GeV. and AR =20
0 =250 pb

unfortunately small mass seperations :
softer jets and hence Low MET events...

g+g—g"+¢g*
g+q—g" +4qp; g" +q§
di +d; — dp; + dp;s 95 + 95
g+g—qp +ap; 95 + 45

q+4d—dp+ap; 95 +4s
d; + G — ap; + ag;
di +3d; — ap; + dp;: 95 + s
Qi + qj — dpy; + 9
di + Qi — ap; + ap;



R spectrum o1 the ] ets

Hadvronlsation, ISR FSRD Y PY THIA PYCELL

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




MLssLing P Spectrum

o(pb)
P7 1.9
QCD1 | 8.6 x 107
QCD2 | 1775.0
tt 56.8
W +15 | 13390
W 425 | 3073
Z+1j
Z+2j 970

canwot fight with SMA(RCD, tt) with traditional
Weapons (p, MET, H ).




Few Bvent-shape va rtables come hawnd Y

SMbackgrotond caw-be completely tamed using
R0 and 0> 0.6



Bottomline of this analysis :

** obtained so far the best wmassivench-at EHC for M ED
1/R > 900 Gev.- @ F TeV
criteria : 20 sigwnal events twa backgrouwd free enviromment

HA very, meortawt . this awaLgs'Ls LS equally appL'wabLe to
LHC search to any model with compressed mass spectra...

B sSuSsY: search should be relooked thro’ evewt shape awaLgsLs
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Bouw\,olarcé Localised Kiwnetie Terms

Lnknowmn UV comPLetiow can be the wmatw weotivatiow for
adding boundary localised terms.

owe Ls allowed to-adol:att possLbLe Coventz/
gaupe LUNVAYLAWE Cermtsto-the - acton-at the
bouwwnwdartes:

Like adding
; R-terms
Leads us to tntroduee a set £
of BLKTS (only) and superpotential

investigate the so calleol
nwon-minimal UED



Life (LED) with BLKTS..

For warm up: confine ourselves with @ED only...

‘S' - / (14‘[ (13/ \TIL IFAIC)J\[ \IIL —|— /1; p) ( Y ‘:u_")}; 3'5"“ ‘.—')'.'-! QJ. + /'i“. 0 I: Yy — ;l—]? .:'f,"’}‘ ['5"“"’ ().' PJ,

Remember s

+VURiTM O U R + 755 (y) X Riockduxr +188(y — TR)X RioHOux 1]
arve foi | e R -
lp o wR Ve o V) +I f dir dy {FA[_.\"FJ\[;\ + rSo(y ')F,.-.v,_,-, FHY +r2d(y — TmR) F.‘.,{_,-,.F""“‘

a“ L dy | €Erx )1 T AN WY ( "~ O0\Y | D LT A, D7 " -O\Y ,—] Q; 107 1 D7
| I | ) /. - Vi ! | ! , \ Y o | { L L /. [ ‘,} \ 'I, T { 4 |“ I ,I
\ | - v b - v f

f

V4
frelds tw 51 s Uil Ay U + eq (r36(0)x idh Ouxr + T48(y — nR)x i Auxr)|

ANAS S CONAWIBDIEIES;
chopse AL = O gavge chotee)

KK-expansion of the
KK-expansion of fermions
the photon -

AL Ls to fuwd the y-depewdence of a(y), f(y) and g (y)***



Equations of motions L Y and thetr solutions...

**variation of S w.r.t the 5p fields and
thew seperating the variables x and y

. //llfn'.(,//:j _+_ (,,l/f/,: = U U Yy L l + d l‘(\' ‘// I _+— /‘f‘l"'\,',/ - :

1 4+ r%é(y) + /"'f'iri (y — mR)

1+ /"""15( y) + /"’.’{ O Y — TR)| m, _1‘/}';, - 4)/7‘]". = U, m ,?LH — 4',.7,"‘('/}"_‘_. =0

need bics =

Finally we anve at N rémy,

cos(mny) — — s mnrvy)
. B ,

the solutions: A 2

J
7
J

OYthO@OV\Ia Litﬁ 9 / dy |1+ r o(y) + /'?{US{ y—mR)| f’

Spectm caw vesolved ‘fVOI/M, g (7 ma — 4) tan(m,wR) = 2(r 4+ r5)m,

Stmilar results for photon hold



Look at some numerieal resuwlts

Made some assumptlows :

Cownstder the mass
of w=1 KK photow

My=m R, Ro=7"/R, Ry = 'z*]‘",,."']?

Similarvariatiow ofw=1
K- fermlon masses pwisrs

R.=00 covrespowds to the case with

BLKT atowne of the brawes

Ar = 0 tmplies breakdoww of Yy — Yy + IR symmetry (KK—pari‘c:d)



Look at the couplings

Geweral strategy for
evaluating the couplings sy

L 4D effective theort

et ws fumoliput couq:Lng of w1 K photow
totWoiSMEW=0) ferntons

Hallware of K parttyof
VADLaELoV Vot PrESEnt LW MIAED

8(4+ MZR?) ]\[w) Ry

[,
\ -2 (£) (44 M2R.Ry) + (4 + MFR2)(4 + M7 R})

**T1his coupling should vanish whew Ar = 0



A small caveat..

**K.K,—paritg violatiow does wot allow yortto

couple phiotow (y7) to charged fernitomns with
different RiR=mwwinber: diceto-EMicaLoe
LWINVAYLAWCE..

X EM QAR LNV AY LAWCE 0= WADR eIt oV
YEVCALWS IASSEERS:

T a(y) for-o-viode photonsrennaucs tindependent of Y.

TR
e / (L +rp{o(y) +o(y — 7R} i aVdy
JO

= coupling vanishes due to orthogonality of fermions .



How this coupling depends on the parameters ?

KR -parity
\/loLatlwg
covpling
vawtlshes as
Ay —0,
decreases
with =, ano
b

=

e e
& &
< <
= =
o oy
w w
o6 =1}
= =

= -—
Qy Qy
- -
o o
(] -]

coupling square/e
coupling square/e

Stmtlarto R-pa ri’cg vitoltatiow, bt there ts wo flavouwr
violatiow as 1w R-parity violating scenarios.



Coupling : Presence of BLKT at one boundary
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Reach of LHC at & TeV.:

(Case of BUKTS at:boththe bovondarres)

With 5 fbi collected data,reg Lo above
the Lunes can be rcled out.



Already probed at LHC at 7 TeV

*xSignal very stmilay toiextin: Z frone R synametiie odel
or wrodels withiextra (L) spmcetiy

BENo suchistgwaliiave oeen repovtedat LS so fav.




Results with BUK T at one bovu/\,olar:é[

Ccontours of G/= 4 b @ £ Tev LHC,

1/R=05TeV

**regrovebowinoed by the ved Lewies (avound v, = rf)cakuo’c
be probed..



Summary § OutlooR :

 Search strategies based on event shape variables offer a
new and powerful technigue for LHC search of models with
compressed spectra Like MUED.

 BLKTS dre ways: to tintrodiice the oRivowin
radiative corrections thatcan-artsefrontthe evedy

scale above the cut-of A I HAED:

= For tlbustration etfectsiofia s set o B ER TS nve beew
LAVestigaett L REB LN Lt 4 eSS OWS.

TR LTS cawchuwoethepattern-of mass spectra of KK
mooles: Thesecamw vesed: tor e’ the pathological compressed
MMASS SPeCtri Of TAAED:
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