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Real and virtual gravitons at LHC

Effective theory of KK gravitons [Giudice, Rattazzi, Wells; Han, Lykken, Zhang; Hewett & Spiropulu,...]

— real graviton emission pp — Gkg+jets [couping G ~

cutoff setting Mxx = 0 for Eparton > A ~ Mp
— observable: 50 discovery reach as function of A
UV-insensitive predictions for A — co?

1/M2+9)

recoil against hard jet E; > Enin ~ Mp/4  [Vacavant, Hichiffe,..]

towers of ADD gravitons dN o< Ss_1 (Mpjanck/Mp)2 m®—1dm

= real emission cutoff irrelevant because of gluon densities

M, [TeV]
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Real and virtual gravitons at LHC

Effective theory of KK gravitons  [giudice, Rattazzi, Wells; Han, Lykken, Zhang; Hewett & Spiropulu,...]
— real graviton emission pp — Gkk+jets [coupiing G ~ 1/M3+?]

recoil against hard jet E; > Enin ~ Mp/4  [Vacavant, Hichiffe,..]

towers of ADD gravitons dN o< Ss_1 (Mpjanck/Mp)2 m®—1dm

cutoff setting Mgk = 0 for Eparton > A ~ Mp

= real emission cutoff irrelevant because of gluon densities

Virtual gravitons in Drell-Yan process [Giudice, Strumia, TP; Kachelries & Plimacher,...]

— D8 operator S = “2+5 Jdm

[requiring cutoff, leading constant in /5 /A]

s+m2
. -
— effective theory fine for S = 4r /M2, M, {TeV] So:pp 21T (DY)
5
4 F
3k
2 b |
: - 100
1 E — 10"
0 :\ PRI I I S II R
o 2 4

8
A lTeV]



Virtual
Gravitons at
the LHC

Tilman Plehn
Gravitons at
LHC
Fixed point

Virtual
gravitons

LHC signal

Outlook

Real and virtual gravitons at LHC

Effective theory of KK gravitons [Giudice, Rattazzi, Wells; Han, Lykken, Zhang; Hewett & Spiropulu,...]
— real graviton emission pp — Gkk+jets [coupiing G ~ 1/M3+?]

recoil against hard jet E; > Enin ~ Mp/4  [Vacavant, Hichiffe,..]

towers of ADD gravitons dN o< Ss_1 (Mpjanck/Mp)2 m®—1dm

cutoff setting Mxx = 0 for Eparton > A ~ Mp
= real emission cutoff irrelevant because of gluon densities

Virtual gravitons in Drell-Yan process [Giudice, Strumia, TP; Kachelries & Plimacher,...]

D8 operator S = ‘SZM Jdm

s+m2 [requiring cutoff, leading constant in /s /A]

effective theory fine for S = 4r /M,

; NDA) _ Ss—1 (A 2
bad in NDA S(NPA) — e (M—D)

M, [TeV] 50:pp = 1’1 (D8)
ol

10

--- 100"
— 10"

i © _ Ss—1 (A)72 1
bad with cutoff S\®) = e (Mo)

scaling reach M™ ~ A(6=2)/(0+2) 6
= rates strongly cutoff dependent 4

2 4 6 8 1
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Gravitational fixed point

Renormalization flow of gravity [Litim, Wetterich, Niedermaier, Reuter,...]

— IR —no running; Mp regime — strong effects;

UV fixed point
1-4(4+68)g

Bg=2+04m9)~ T4 o5 g

= gravity weak enough at high energies?

UV scaling G(u) ~ Zg' ~ " = p=2-

effective action to scale k: Ty = 1/(167Gy) [ d*t0x\/g[-R(g) + - -]

UV — fixed point

(2406)g=0 for

é

—0

[asymptotic safety]

dimensionless coupling  g(u) = G(u)pu?® = GoZg ' (u)p?+°
RGE ,u,aug(p,) =24+ 95+ n(g)) g(p) tanomalous dimension: n = — .8, log Zg = dl

ng) =-2-46
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Gravitational fixed point

Renormalization flow of gravity [Litim, Wetterich, Niedermaier, Reuter,...]

effective action to scale k: Ty = 1/(167Gx) [ d*T0x\/g[-R(g) + - -]
— IR—no running; Mp regime — strong effects; UV — fixed point

dimensionless coupling  g(u) = G(u)pu?® = GoZg ' (u)p?+°
RGE ,uaug(u) =24+ 95+ n(g)) g(p) tanomalous dimension: n = — .8, log Zg = dl
UV fixed point

Bg =2+ +n(g) ~

1-4(4+8)g

m(zwﬁ)g:o for n(g)=-2-46

2-6

uv scaling G(,u) ~ 251 ~ /J," =u- — 0 [asymptotic safety]
= gravity weak enough at high energies?

< can LHC phenomenologists have fun with physics?
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Gravitational fixed point

Renormalization flow of gravity [Litim, Wetterich, Niedermaier, Reuter,...]

=

effective action to scale k: Ty = 1/(167Gx) [ d*T0x\/g[-R(g) + - -]
IR — no running; M)p regime — strong effects; UV — fixed point
dimensionless coupling  g(u) = G(u)pu?® = GoZg ' (u)p?+°

RGE 10,9(1) = (2+ 6 +n(g)) g(1t) tanomalous dimension: n = —nd,, log Zg o< g
UV fixed point

fo=2+6+m(g) ~ - A0

m(zwﬁ)g:o for n(g)=-2-46

UV scaling G(u) ~ Zg' ~ 1" = =270 — 0 fasymptotic safety]
gravity weak enough at high energies?

Graviton propagator [scooped by running coupling: Hewett & Rizzo]

iterative approach: start with anomalous dimension  (similar to QCD analyses]
IR: everything as usual

UV: dressed scalar propagator [Zg(|p|) p?] U1/ = 1/pttd
built-in UV cutoff, just good enough for our needs
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Virtual gravitons

Matched graviton propagator [Litim & Tp]

IR and UV form of scalar graviton propagator

|
s+ m?

5+2
M
(s + m2)3/2+2

\/57 m < ktrans
P(s,m) =
\/57 m > ktrans

add IR and UV contributions by virtual gravitons  [uv: giuon pat — leading in v/s/m]

Ss_1 [k 02 51
S(Fp) — 5—1 ( lrans) -1 §_2 S(@)
v\ mp 5o - (110=2)

onIy assumption ktrans ~ MD [for numerics, will be tested]
parameters:

(1) gravitational coupling G ~ 1/M3™

(2) transition scale kirans ~ Mp

(8) no artificial UV cutoff A [setting Mgk = 0]

= UV fixed point predicts finite KK integral
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LHC signal

Effective theory: artificial A setting Mgx =0

— perfect decoupling, as expected [similar to real emission]
— mild effects for ktrans = MD +10% [more details to be studied]
— reach largely independent of §

My tTev] 50:pp - 1T (D8) My iTev] 56:pp — I'I" (D8)

8 F 8

1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
AlTeV] AlTeV]
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LHC signal

Effective theory: artificial A setting Mgx =0

— perfect decoupling, as expected [similar to real emission]
— mild effects for ktrans = MD +10% [more details to be studied]

— reach largely independent of §

Shape of graviton kernel
— non-trivial structure from interference
small my,: factor (6 — 1) ; large my,: factor (5 — 1)?
— UV contribution not negligible

[shown § = 3]

06 04
AN 1/ O/ 00 (PP = 1) A0/ y0n(PP = 1)
PN " My=5 TeV
04 1 —FP 536
(Mos8TeVs, ---- cutoff G 1paiy SCalEd (512
! 02
; = § cutoff
02
My=5 TeV =
0 | | | | | |
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
EoarenlTeV) EpunlTeV]

partonl
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LHC signal

Effective theory: artificial A setting Mgx =0

— perfect decoupling, as expected [similar to real emission]
— mild effects for ktrans = MD +10% [more details to be studied]
— reach largely independent of §

Shape of graviton kernel

— non-trivial structure from interference (shown s = 3)
small my,: factor (6§ — 1) ; large my,: factor (5 — 1)?
— UV contribution not negligible

predicted LHC rates

— link between S(NPA) and S(®) trivial
— S(P): |R regime identical to S(®); UV regime in addition

o] 5=3 5=6
MD 2TeV 5TeV 8TeV 2TeV 5TeV 8 TeV
s(NDA) 436 018 0.0053 263 111 0.031
s5(©) 173 072 0.0204 66 028  0.008
s(FP) 5816 357 00802 | 13860 855  0.188
s 688 287 00799 | 1634 689  0.187

= fixed—point graviton effect stable and large
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Gravitons at LHC

— effective field theory:
(1) real emission well defined  [accidentally]
(2) virtual—graviton predictions cutoff dependent
— fixed point picture: gravity weak at large scales  [non-perturbative asymptotic safety]
RG analysis or lattice: effects computable  [review: Niedermaier & Reuter, I'm on page 10/160]
(our) leading effect: anomalous dimension  [Hewett & Rizzo: coupling]
= testable rates predicted at LHC (Litim & TP, to appear tomorrow morning]
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