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RS MODEL

1. There is only one extra dimension.

2. The gravity only can propagate in the bulk while the SM fields are confined to the

brane.

3. There are two branes on the extra dimension, namely SM brane and the Planck
brane at ¢ = m and ¢ = 0 respectively.

4. The space time is highly warped. The warp factoris responsible for the large
hierarchy between the electroweak scale and the Planck scale.

5. The size of the extra dimension need not be very large.
6. The RS modes are very massive and are not evenly spaced.

7. The metric in the RS model is given by
ds® = e 2Frel®ly Ldatde” + r2 d¢p?

8. The effective coupling of the RS modes with the SM fields is ¢y = Mipl
Phy. Rev. Lett.83 (1999) 3370
L.Randall and R.Sundrum
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Summation of the states

e Virtual KK states have to be summer over at the amplitude level.
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Summation of the states

e Virtual KK states have to be summer over at the amplitude level.

e Real KK states have to be summed over at the cross section level.

The RS modes are given by

My = TnkeXP(—mkr:) = xpmo
k
Mp;

and cp = Jk ~ Mp

The sum over the KK(RS) modes is given by

Zs—mQ—l—zmnF

n=1
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Summation of the states

e Virtual KK states have to be summer over at the amplitude level.

e Real KK states have to be summed over at the cross section level.

The RS modes are given by

My = TnkeXP(—mkr:) = xpmo
k

and cg =
M p;

yk ~ Mp

The sum over the KK(RS) modes is given by

Zs—mQ—l—zmnF

n=1

Parameters

e My =1.5TeV for LHC
o Effective coupling between RS modes and the SM fields, ¢, = 0.01
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Additional interactions

D (ko)

= K
[13%
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Additional interactions

h' AA :

hi, AAA :

AG (F2)

Ag (k1)

—z%c?ab[(mi + kl]%Q)CI,u/,pa + D,LLV,pO'(k17 k2) + f_lElﬂ/,PO'(kh k2>]

el A5(ks)
A (k) ~

_ggfabc[cﬂl/apg(k1>\ o k2>\> + C,u,l/,pA(k&J' - kla) + C,uz/,ak(k?p - kSp) +
}auapak(}(17k2ak3)]
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Additional interactions

where

Cuv,po

Duv,pa(kla k2)

Eu%pa (kla k2)

Fv pox(k1, k2, k3)
1

and K= —o
Mp;

S (k2)

(k1)

S R
hip DA s =g Tt (Cuv e — Moo )y

NMupMve + NuoTvp — NuvTpo

Nuvk1okep — Muokivkep + Nupkiockoy — Npok1pkay + (1 < v)]

Nuv (k1pkie + k2pkeo + kipkoo) — [Muokipkip + nupkepkes + (1 < v)]
NupNox (k2 — k3)v + Nuonpx (k3 — k1) 4+ nuxnpe (k1 — k2)p + (1 < v)

Phys.Rev.D59 (1999) 105006

T.Han, J.D.Lykken, R-J. Zhang
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Diphoton production

It is the process in which two Hadrons collide to give photon pair.

Pi(p1) + P2(p2) — v(p3) +v(pa) + X (pz)

The interaction takes place at the parton level and the sea quarks play an
Important role.

SM LO : quark anti-quark annilations (EM)

BSM: quark anti-quark annihilations as well as gluon gluon fusions

The ED signal can be looked for due to the large gluon flux at LHC.
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Hadronic cross section

The hadronic cross section can be expressed in terms of the partonic cross sections
convoluted with the appropriate partonic distribution functions as

;P1P2 _ Z /dxl/ dxo fi (z1, pur) fi 2 (22, pr)de® (z1, z2)

ab=q,q,g

where dOA'ab (5171,5132) = d&é”vlj’w (331,:172) -+ d&%bSM (5171,5172)

LO matrix elements

ERY O
82 Q3AD(Q) 5 (u® + 1)
+2¢4 (D(Q?))” S%tu(zﬂ + ¢°)
ol = ga—p2es (P@) 5
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Two cut off phase space slicing method

1. Separation of the singular regions from the three body phase space

2. Introduce two parameters namely 6, and J. for separating soft and
collinear regions.

3. Regularize this singular region in n-dimensions
4. Cancellation of infra red divergences between real and virtual diagrams.

5. Initial state collinear singularities are absorbed into Parton Distribution
Functions.

6. Integration over the remaining hard and non-collinear part in 4-dim.

7. Physical observables should not depend on the parameters 6, and J...
Finding the stable region of these two parameters.

Phys.Rev.D65:094032,2002
B.W.Harris and J.F.Owens
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Soft

Suppose a process where ps Is soft

P1 + P2 = P3 + P4+ Ps

soft region is : 0 < E5 < §,1/512/2.

The three body phase space in n — dim in the soft region is

d" 'ps
2p2 (27)n—1

d"'ps d" 1 py
dI'3|so — 2m)"o" — —
3lsot lng(zw)n—l ()1 CT) O P P2 = Py = )

— dly K;%) Fr((f__;)) 2(217r)2] o

1 [ 4\ [osV512/2
with dS = - <_> / dE5E51_2€ Sin1_26(91 d(91 Sin_2€(92 d(92
T 0

512
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Soft

Matrix element (2 — 3) in this region can be approximated to

M g0t = guigu(pE))Ja(pE))lVb

i
with Eikonal current J7 (ps) ZTa /
1 Py D5

The cross section in the soft region will be

_ s T(A—¢) 47wr / —DPy Dy

Ff=1 Pf D5 Pf - D5

where do¥,, = 55> M?,dl,.
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Collinear

The hard collinear regionis : 0 < t15 < d.s12 where §,. << ds.

Phase space In this collinear region :

( )

dedtis[—(1 — 2)ty5]
1621 = o) sl =L = 2)hs)

Corresponding matrix element squared :

—2
Z\Mg (1+2—3+4+5) ~Z|M2 (1'+2 = 34+ 4)|2Py1(z, 6)g2,u72ft—
15
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Collinear

The cross section in the collinear region can be given as

_ 19— as I'(1 —€ A2\
done” T = Guypla/2)Gayp(u)dds T (s1 s ta) [277 F((l—ze)) ( - ) ]
X (—1> 6. “Pir1(z,€) dz [(1 — Z)} dxdy
€ 2 2
M S scheme :
1\ |as T(1—¢€) [ 4mp2 1ot ae
Gy (T, py) = Goyp(z) + (_E> [27r T(1— 2¢) ( Mfc > ]/z ?Pbb’(Z)Gb’/B(x/Z)

e There is a mismatch between the range of the limits.

e Soft collinear terms will be present.
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SM NLOZ2 remnants

e Soft singularities appearing as 1/¢* and 1/e will cancel between real and virtual
diagrams

e Initial state collinear singularities are absorbed into PDFs

ot = G, p(ra,pr)Gy p(wd, pr)og” [8CF [logds)?]

O_collinear — Ga/P(xaa ,UF)Gb/P(xba ,LLF)O-gb CF( |n53 + 6) |n (%)}
F

virtual

~ Ga/P(xaa MF)Gb/P(xba :LLF)

x  Cr{In(—u/s)(4+ 6t/u) + [In(—u/s)]? (4 + 4u/t + 2t /u)

7_‘_2

£ In(=t/5)(4+ 6u/t) + [IN(~t/$) (4 + 4t/u + 2u/t) + T (8uft + 8t/u)}

— O_SOft _I_ O_virutal _I_ O_collinear

+  Gayp(za, ur)Gy, p(zb, pr)og? + (za < xbterms)
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cuts

Primary cuts
« Rapidity cut on the individual photons : |y7:2| < 2.5

 Transverse momentum cuts on the photons :
| > 40 GeV (hard) , 25 GeV (soft)

|solation cuts
e The radius of the cone around each of the photons in the
rapidity-azimuthal angular plane is given by

Ar(py,ps) = \/ (0 = 1)2 + (65 — 652

AR = 0.4, B*° = 15 GeV
Discard the event with Ar(p+,p,,) < 0.4
Discard the event if Ar(p,,pje:) < 0.4 and E2 > 15 GeV .

Discard the event if AR(p~,pjet) < 0.4 and
X (Ar(py,pjet)) < B2 < 15GeV (Frixione’s algorithm)

|
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SM stability analysis

SM DiGamma SM DiGamma
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Figure 1: Variation of differential cross section do/dQ with ds for Q=200 GeV in ¢gq
and gg channels.
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SM Diphoton production
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Figure 2: Diphoton invariant mass distribution at NLO using phase space slicing method.
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RS NLOZ2 remnants

K
)

o(soft) = 8Cr[IN(8:)]*{ Gy p(za, pur) Gy p (b, 1r)og’}
o(virtual) = Cp(—20 + 8¢(2)){Gy/ p(za, ur)Gg,p (b, ,up)aga}

o(collinear) = Cr (4Inds + 3) | ;22 {Gy p(za, ur)Gy p(xb, pur)og 7
F

o(soft) = 8N(Ind,)*{G,/p(za, ur)Gy/p(zb, pr)od’}

o(virtual) = (=N (203/9) +n;T§(70/9) + 8N((2)) {Gy/p(xa, ur)Gy/p(xb, pp)o 07

o(collinear) = N (4Inds +11/3 —2/3n) In—

Il,ﬁ |
1
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RS stability Analysis

RS DiGamma Stability 0,03 RS DiGamma Stability
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Figure 3: Invariant mass distribution: M; = 1.5 TeV. ¢o = 0.01. qg (left) and gg (right).
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RS stability Analysis

RS DiGamma Stability
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Figure 4. Invariant mass distribution: M,
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Invariant mass distribution
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Figure 5: Invariant mass distribution: M; = 1.5 TeV, ¢o = 0.01. SM (left)

RS (right).
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Rapidity distribution
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Figure 6: Rapidity distribution: M; = 1.5 TeV, ¢o = 0.01. SM (left) and SM + RS
(right). 1100 < @ < 1600 GeV .
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Angular distribution
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Figure 7: Angular distribution: M; = 1.5 TeV, ¢o = 0.01. SM + RS (right). 1100 <
Q < 1600 GeV .
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Summary

1. The gravitational interactions can become stronger at TeV scale.
2. The angular distribution for SM and SM+GR can be distnguished in experiments.

3. The large K factor (~ 1.65) for gravity included process gives the importance of
NLO corrections.

4. K factor depends on experimental cuts.

5. NLO QCD corrections to the diphoton production at the LHC in the extra
dimensional models could decrease one of the theoretical uncertainties.
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