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e Shadows of new physics

It is an established tradition to look for effects of high
energy phenomena at our low energy scales
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E.g., noncommutative field theories (Seiberg-Witten map)
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These are the days of GUPs. E.g., high energy (z,p) vs low
energy (o, po)

pi = poi (1 — Alpo| + 2A4°%|30|°)
where A= Alp/h
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S. Das and E. C. Vagenas, Phys. Rev. Lett. 101, 221301 (2008)



Intense activity to find GUP-corrected physics

E.g., the GUP-corrected Dirac equation (any dimension)

HvY = (cad-p+ ,rf:f?'rs,r::gj W
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S. Das, E. C. Vagenas, and A. F. Ali, Phys. Lett. B690, 407 (2010)

All of this is fascinating, but... what does it mean? and,
can we put our hands on it?



e Graphene, the newcomer
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Two-dimensional gas of massless Dirac fermions in

graphene PHYSICAL REVIEW D 90, (025006 (2014)
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To have intrinsic curvature, IC, in an (hexagonal) lattice,

disclination defects are necessary
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E-g.ﬁ J.J'r — .512 (\.HE — 2)
(6— )ny+(6—06)ng +(6 —o)ns = 12

that is: ng 1irrelevant, ns = 12+ m, ny = m



Thus, (&) and (#) together give

and
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and so on
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This is exotic for graphene, but meagre for hep-th

Local Weyl symmetry, for n = 3, comes to our rescue
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Particularly important are the cases of conformal flatness
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How can we make CF spacetimes with
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All surfaces of constant Gaussian curvature K, give a CF
spacetime!

One immediately thinks of the sphere

|
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Interesting, but no horizons in sight...




There is another case, that is
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which brings us into Lobachevsky geometry
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(Infinitely) many directions to explore

90 (2014) 025006 R McLachlan, Maths Int 16 (1994) 31






The extremal BTZ case M — 0 (J — 0)
is a peculiar “massless black hole”
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* Towards experiments

n=0
EPJ plus 127 (2012) 156; J Phys: Cond
Matt 28 (2016) 13LTOl1l and ongoing






e Beyond the linear regime
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The full Hamiltonian
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¢ The three ‘layers’ of graphene monolayer
The magic of m =2: F = |Fi|* — 3

Ey

1

1 (£0.97| F1| — 0.15|F |2 £ 0.017| F, %)

= Vr (IIZPH — A th sk BEH?)
where Vi = 0.97m(/h, A = 0.15(/h, B = 0.13(/h and we
defined the super-momenta

S
B, = ?I (ReFy, ImFi)
So that the physics at O((?) is given by
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The dispersion relations (%) also descend from the (effec-
tive) Hamiltonmian

Hoper = VPS UL (Po— A Po P0) ¥
.Irl'

where /=0 - Fy

We can go one more layer up, define hyper-momenta

—

P = Py(1 — A|B)|)

and use |P)| — & - P, to obtain the (effective) Hamiltonian
of the “even higher energy” layer
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The standard variables (z, p) are under control (/= 1)

2, i) = 183y, [2i2)] = 0= [pi,p)]

The supermomenta F)(p) are given. The hypermomenta
P'(Py(p)) are given.

What are the supercoordinates X and the hypercoordi-
nates X'?

We need

Xo(zx, p)
and

Xi(z,p)



e Three GUPs ([X' X/|=0)

canonical (X, P) (IV)

\

canonical (Xg. ) (IT)

/ e GUP (X, P) (V)
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The most remarkable ladder is (/) — ([1]) —

zi=Xi=X

First step (1) — (I11])
X3, Pf] = FY(F)
where

F”P — 54 4+ F
(5 ) (Pu 2

Second step ([11) — (VII)

(X, P/ = + FI(P)
where
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Also noticeable is the “canonical ladder” (I) — (IT) — (IV)

First step (I) — (II) for Xy(z,p) given by
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The X'(z,p) are then
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Then we have the two “middle-way” ladders
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e The fourth case, [X' X/] # 0

We can consider another, more general, case
X Pl =ih FI(P), [X' X]=iGY(P), [P,P]=0
Besides zero, the simplest choice is

g”. _ Lj E“-J'

3

Since all calculations are O(/()
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Therefore we have

(X7, X7] = ig"

where
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e What to do with this?

All the fundamental’ physics realized on graphene using
H=7uv F Z Ls;;}' . iﬁiiﬁ:"ﬂ
P

(and m # 0, p— p+ A, §= 7+ Quw, k), etc...)
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can be GUP-corrected
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by simply including higher order terms
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and by using the operational recipe:
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analog comparison

E 4
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where, e.g., F, is the energy spectrum
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