based on: arXiv:2310.1916 [he

P'th\,,
with Eric Bergshoeff

GRASS-SYMBHOL Meeting 2023

Luca Romano NON-RELATIVISTIC HETEROTIC STRING THEORY GRASS-SYMBHOL MEETING 2023



@ INTRODUCTION

©® THE ANSATZ

© APPLICATIONS
@ Heterotic Action
e Symmetries
o T-Duality

@ CONCLUSION AND OUTLOOKS

ELATIVISTIC HETEROTIC STRING THEORY



@ INTRODUCTION

@ THE ANSATZ

@ APPLICATIONS
e Heterotic Action
e Symmetries
e T-Duality

@ CONCLUSION AND OUTLOOKS

SLATIVISTIC

HETEROTIC S



INTRODUCTION

-+
FEATURES & MOTIVATIONS ’é
D

o Non-Lorentzian theories and Space
geometries appear in a wide
range of physical contexts, from
condensed matter
(Quantum-Hall effect ...) to
pure gravity (Near-Horizon
geometry ~ Carroll ...).

o They can be obtained with r )
different procedures: limits, o Non-Relativistic:

expansions, null-reduction and o
e Ultra-Relativistic:

—0
@ Others: Tensionsless,
o Limits allow us to inspect Classical limiti of
corners of Lorentzian theories Quantum theories and ...
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NS-NS GRAVITY

NS-NS GRAVITY ACTION

1 3
SNS—NS = 5 / leSC —g 6724) |:R+4(8‘I’)2 - ZH2i| 5

Hunp =0 mBnpy,

FI1ELDS DEFINITION & VALUES

Ey?,Bun,®

M,N,P,... 10D Curved ,
: A, B,C,.. 10D Flat (A = {A,a}),
SYMMETRIES
A, B,C... Longitudinal Flat A =0,1/%+,
a,b,c... Transverse Flat a = 2,...,9,

SEp =AY BN,

(SB]MN = 28[AIAN] 5
50 =0

AaB Lorentz Longitudinal
Aap Lorentz Transverse
Aap Boost
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AN AND Lin

DEFINING THE LiMIT NON-RELATIVISTIC FIELDS

Relativistic fields in terms of would-be udenm® bun b
non-relativistic fields (Invertible redefinitions) ’ ’ ’

E A =c A
M ™, PARAMETERS

En® =em®,

¢ =¢+loge, AaB =AaB, Aap = Aab
B =+ A N Beas + bun, 1
MN vty eas +bun Nao=haa Aar=ar

TAKING THE LIMIT ¢ — oco: RESULTS

NS-NS Action Transformations
The divergent terms A A B
coming from the R ot =A"BTM T,
term cancel against Sens® — 2\ b a A

e = A\%e + AT X

those from H2 term: M bEM ATM

finite non-trivial 9 =0,

limit. Sbyn = 20 AN] F 2ea8N amn Pen®

[Bergshoeff, Lahnsteiner, Romano, Rosseel, and Simsek 2021]
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TEN-DIMENSIONAL MINIMAL SUPERGRAVITY

10D MINIMAL SUPERGRAVITY NoN-RELATIVISTIC FIELDS
The minimal N' = 1 supersymmetric theory
whose bosonic sector is that of NS-NS gravity TMA sem® bMN @t , At

(Em?,Bun ,®, 9, ,A)

NON-RELATIVISTIC TEN-DIMENSIONAL MINIMAL SUPERGRAVITY

V )
The Limit ¢ — oo Main Features
o Transformation Rules, o Geometric Constraint DSNC™ ,
o Equations of Motion . o Emergent Local Dilatation
o Action (Pseudo-Action) Symmetry ,
o Two Emergent Super-Conformal
. Symmetries .
[Bergshoeff, Lahnsteiner, Romano, Rosseel,
and Simsek 2021] o Shorter Multiplet
\ 7

RELATIVISTIC HETEROTIC STRING THEORY



TEN-DIMENSIONAL MINIMAL SUPERGRAVITY

10D MINIMAL SUPERGRAVITY NoN-RELATIVISTIC FIELDS
The minimal N' = 1 supersymmetric theory
whose bosonic sector is that of NS-NS gravity TMA sem® bMN @t , At

(Em?,Bun ,®, 9, ,A)

NON-RELATIVISTIC TEN-DIMENSIONAL MINIMAL SUPERGRAVITY

V )
The Limit ¢ — oo Main Features
o Transformation Rules, o Geometric Constraint DSNC™ ,
o Equations of Motion . o Emergent Local Dilatation
o Action (Pseudo-Action) Symmetry ,
o Two Emergent Super-Conformal
. Symmetries .
[Bergshoeff, Lahnsteiner, Romano, Rosseel,
and Simsek 2021] o Shorter Multiplet
\ 7

RELATIVISTIC HETEROTIC STRING THEORY



HETEROTIC GRAVITY

HETEROTIC ANGIAN

1 - 3 1
Sheterotic = 5 / d'%z —ge 2 |:R+ 4(8‘1))2 — ZHQ + EFJWNIF]MN I:| ,
Firn = Qa[MVJ{;] — V2 e VEVE,

V2
HuNp = O Brp) — V[ngFNP]I - ?ngKV[ﬂIVN’V}ﬁﬁ,

DEFINITION & VALUES FI1ELDS

M,N,P, ... 10D Curved (M = {z,p}), En™,Bun,®, Vi
Ly Uy Py . 9D Curved |,
x Isometry Direction , SYMMETRIES
A, B,C, ... 10D Flat (A = {A i i 5
y D, Ly & ( { 7a})7 (SE]\/[A:AAéE]\/[Bv
A, B,C... Longitudinal Flat A =0,1/+, . I,
0BuN =20 ANy + 2V 0N AL,
a,b,c... Transverse Flat a = 2,...,9,

Vi = oAl +/2 ATVE.
1,J,K, L Yang-Mills (YM) . M= O g s AVir
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DEFINING THE LiMIT

Relativistic fields in terms of would-be non-relativistic fields (Invertible redefinitions)

By =crm 2’ Main Features
Eyt = — e I e Ej T leading power is ¢’ and is
2 proportional to vl |

Ey® =en®, o Bjsn ansatz is modified ,

P =¢+loge, @ Reduces to usual ansatz setting

V]{I = 2ol + T]\/I+U-I‘- + GM(LU(IL , YM field to zero
Bun = mutrnPeap(l+vy )+ )
+ 27T " en“v—a + bun NoN-RELATIVISTIC FIELDS

I

A 1T
™M em®  buN ¢, vy v v,
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DEFINING THE LM

Relativistic fields in terms of would-be non-relativistic fields (Invertible redefinitions)

Ey™ =cmy
M cT™ 2’ Main Features
5 U7 . . 3 .
Byt =— =y~ +eru™, o Eyt lgadlng pov;rer is ¢’ and is
2 proportional to v~ ,
a __ a
En® =em®, e Bjsn ansatz is modified ,
P =¢+loge, @ Reduces to usual ansatz setting
V]{I =2 ol + T]\/I+U_I‘. + GM(LU(IL, YM field to zero
Bun = mutrnPeap(l+vy )+
+ 27T " en“v—a + bun NoN-RELATIVISTIC FIELDS
T em® by ¢ 0L vl vl

APPLICATIONS

[ Transformations ] [ Heterotic Action ] [ T-Duality ]
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DIVERGENCES OF THE HETEROTIC ACTION

HETEROTIC ACTION

1 3 1
Sheterotic = o / d'%z/=ge ?® {R—i— 4(0®)* — TH? + 5FMNI}WN 1} ’

REMARK DIVERGENCES!
The “finite order” is already fixed by the Potentially diverging terms appear at
limit without YM fields. order ¢* and
EXPANSION ORDER ¢’

(4) 2) () 1(=2) (4)
R=cR+cR+R+ SR, F]\/IN[F]\/[NIZ—4 R+O( ),
) @) © vnp 4@
Hyunp =c¢ Hunp +cHyunp +Hunpe, HunpH =3 R+0O(c),
(2) (0)

I T I
Fyn=c¢"Fyn +Fyun
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DIVERGENCES OF THE HETEROTIC ACTION

HETEROTIC ACTION

1 3 1
Sheterotic = o / d'%z/=ge ?® {R—i— 4(0®)* — TH? + 5FMNIFMN 1} ’

REMARK DIVERGENCES!

The “finite order” is already fixed by the Potentially diverging terms appear at
limit without YM fields. order ¢* and ¢”.

EXPANSION ORDER

1(4) (2)  (0) 1(=2) (4) )
R=c'R+c’R+R+ =R, Fyn i FMNT = 4R 4+ 0O(7),
2
(4) ,(2) (0) mnp _ 4 ,1(4) 2
Hunpe = Hunpe +“Hune + Hunpe HunpH -3 R+0(),
(2) (0)
I 22 I
Fyn=c¢"Fyn +Fyun

EXISTENCE OF THE LIMIT

Both at order ¢* and ¢” the divergent terms cancel leaving us with a finite limit
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Boost

PARAMETERS ANSATZ

The parameters should be redefined in such a way to cancel divergences

1 1
Aot = "o+ (1 +vip2), Ao = =Da— + EAHU%Q +op).
NoON-RELATIVISTIC BOOST

oty =0,

A_%yq_ Sol =241 vyl
St = T — et (14 vgl), + “

14+vy_ svl =0,

- - +

Sent® = —A_%mayr T — A 0T (1+v+_), 5v£:)\+a(l+v+_)(v£ +’02,’041r),

Sbun =2t eny* Aaa + s

REMARKS

o String Galileian transformations restored setting to zero the YM fields,

o Longitudinal and Transverse vielbein are mixed, 7p; ~ is invariant

o vl is boost invariant s
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NON-ABELIAN GAUGE TRANSFORMATIONS

PARAMETERS ANS

We consider the trivial redefinition
I I
A =o',

Other redefinition could also be possible ...

NON-RELATIVISTIC YM TRANSFORMATIONS

57—]\/[a:07 6v+ oyl +V2gfilolvE
5€]u =07 \[ K
ool 2gfir’ ol v
v_j0—-0 _
s st S0t = ono +Vaefcl o
Sbyun = 27-[M+eN]a<v+18aaI — va18+01) + ..., o

REMARKS

o vl transforms no longer as a gauge field,
o 7ps T is not invariant ,
o bysn transforms under YM ,

o The transformations rules define a Lie algebra

RELATIVISTIC HETEROTIC STRING THEORY
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RELATIVISTIC T-DUALITY

T-DuALITY RULES

~ 1
Gz = ) ~ G G

Gzz BMV = BNV_J’_M s VI
~ GIN Gzx ‘7[ __ 'z
Gw”’ = Gos ’ B _ Gmy, — Bzu * Gax ’

xr - 5
-, GG " G g1 o yr_ ViGou
G = Gy = 272 . 1 = T T
xTT q>:q>—§10g|Gzz|,

GENERALIZED METRIC

GuN = gun + Bun — Varr Vi

THE ISOMETRY DIRECTION

o The geometric field are not invariant under non-Abelian gauge transformations o

o How to define the nature of the isometry direction?

HETEROTIC STRING THEORY

RELATIVISTIC



REDEFINITION

™M =TM #M_ =M
. R 1
7’]u+ =T]\4/+(1+U+_)+51\/1a11a— s T]qu = 71_"_ T]u s
V4 —
N M M Va— M
ém® =en?, €la=eTa - T T+
+ v

The hatted Vierbeine and their inverses satisfy the usual inverse relations of Newton-Cartan
Geometry.

TRANSFORMATION RULES

0ty =0, st =vlonor, denm® = - + A%ty

LONGITUDINAL SPATIAL ISOMETRY DIRECTION

The longitudinal spatial isometry direction can then be defined by imposing the following
conditions:

720 =0, 21 #£0, €% =0.

These conditions break half of the boost transformations, i.e. A1, = 0.

ELATIVISTIC HETEROTIC STRING THEORY



NON-RELATIVISTIC LONGITUDINAL T-DUALITY

NON-RELATIVISTIC LONGITUDINAL T-DUALITY

Gzze =0, ® = ¢ — - log|feal,
G _ Tu _ v2 (f_z—)Q
T — L _ =
P Gz -2 )
z TCIXL‘
~ o+
~ T, A~ T
I 2
GI;L:A+7 ~I__Tz v_
Tz T % ’
T

é,uu =huw +buv + ...,

REMARKS & OPEN QUESTIONS

o In absence of the YM fields the longitudinal isometry is mapped to a null isometry
direction ,

o In presence of YM field the null isometry direction is in the generalized metric,
o Could also transverse and lightlike T-duality be obtained? ,
o What are the compactification patterns related to the T-Duality rules?

o Geometry ...
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CONCLUSION AND OUTLOOK

CONCLUSION

e The NR Limit of Heterotic Gravity exists and requires a deformation of the usual
ansatz for the metric and Kalb-Ramond 2-form

o NR Heterotic Geometry shows intriguing aspects: the longitudinal vielbein is not
gauge invariant, one of the vector field is no longer a gauge field

OUTLOOK

o NR Heterotic Supergravity
e Sigma Model
e T-Duality and Solutions

ELATIVISTIC HETEROTIC S



CONCLUSION AND OUTLOOK

CONCLUSION

e The NR Limit of Heterotic Gravity exists and requires a deformation of the usual
ansatz for the metric and Kalb-Ramond 2-form

o NR Heterotic Geometry shows intriguing aspects: the longitudinal vielbein is not
gauge invariant, one of the vector field is no longer a gauge field

OUTLOOK

o NR Heterotic Supergravity
e Sigma Model
e T-Duality and Solutions

Thank You!
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