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Motivation

Non-relativistic gravity (in the bulk)
Gomis, Ooguri (2000); Danielsson, Guijosa, Kruczenski (2000)
Gomis, Gomis, Kamimura (2005)

Bagchi, Gopakumar (2009)
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Non-relativistic String Theory

NR strings couple to a curved spacetime, a Kalb Ramond two form
and dilaton.
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Non-relativistic String Theory

NR strings couple to a curved spacetime, a Kalb Ramond two form
and dilaton.

e String Newton-Cartan (SNC) theory
Gomis, Gomis, Kamimura; Andringa, Bergshoeff, Gomis, de Roo; Bergshoeff, Gomis, Yan

e Torsional Newton-Cartan (TNC) theory

Harmark, Hartong, Obers

hear talk by Natale Zinnato

Classically these two approaches converge to the same theory in
the presence of Kalb-Ramond field and assuming the longitudinal
spatial isometry.

Harmark, Hartong, Menculini, Obers, Oling
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NR Particle

0 is longitudinal to worldline

A" s transverse to worldline

A=(0,A"): {

Ceyda Simsek (@zoom)



NR Particle

0 is longitudinal to worldline

A" s transverse to worldline

A=(0,A"): {
NC background fields
{u = Tﬁ, my = mﬂ, E}f‘/},

pu=(0,..,D-1),A=(1,...,D-1),
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NR Particle

0 is longitudinal to worldline

A" s transverse to worldline

A=(0,A"): {
NC background fields
{u = fﬁ, my = mﬂ, E}f‘/},

f=(0,....0-1),A=(1,....D-1),

H[JV = E“A/EVB,BA/B/ +27:(“mv) ,
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NR Particle

0 is longitudinal to worldline

A" s transverse to worldline

A=(0,A"): {
NC background fields
{u = fﬁ, my = mﬂ, E}f‘/},

f=(0,....0-1),A=(1,....D-1),

H[JV = E“A/EVB,BA/B/ +27:(“mv) ,

xHxY .
SNR = —%./dfm{WH“v—Bux“}7
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NR Particle

0 is longitudinal to worldline

A" s transverse to worldline

A=(0,A"): {
NC background fields
{u = fﬁ, my = mﬂ, E}f‘/},

f=(0,....0-1),A=(1,....D-1),

H[JV = E“A/EVB,BA/B/ +27:(“mv) ,

xHxY .
SNR = —%./dfm{WH“v—Bux“}7

Huv = Huv+27,Cyy, Bu—Bu+Cyu.
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NR Particle

0 is longitudinal to worldline

A" s transverse to worldline

A=(0,A"): {
NC background fields
{u = fﬁ, my = mﬂ, E}f‘/},

f=(0,....0-1),A=(1,....D-1),

H[JV = E“A/EVB,BA/B/ +27:(“mv) ,

xHxY .
SNR = —%./dfm{WH“v—Bux“}7

Huv = Huv+27,Cyy, Bu—Bu+Cyu.

Iy =0
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NR Particle

0 is longitudinal to worldline

A" s transverse to worldline

A=(0,A"): {
NC background fields
{u = fﬁ, my = mﬂ, E}f‘/},

f=(0,....0-1),A=(1,....D-1),

H[JV = E“A/EVB,BA/B/ +27:(“mv) ,

xHxY .
SNR = —%./dfm{WH“v—Bux“}7

Huv — HHV+2T(”CV),

Iy =0
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-~ , A s longitudinal to worldsheet
A=(AA):
A’ s transverse to worldsheet

SNC background fields

A A FA
{o® my” B}
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NR Particle

0 is longitudinal to worldline

A" s transverse to worldline

A=(0,A"): {
NC background fields
{u = fﬁ, my = mﬂ, E}f‘/},

f=(0,....0-1),A=(1,....D-1),

H[JV = E“A/EVB,BA/B/ +27:(“mv) ,

xHxY .
SNR = —%./dfm{WH“v—Bux“}7

Huv — HHV+2T(”CV),

Iy =0
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By — By + Cy.

NR String

A is longitudinal to worldsheet

A=(AA):
A" is transverse to worldsheet
SNC background fields

A A FA
{o® my” B}

N=(0=~~~7D*1)7
A=(0,1),A =(2,....,D-1)

H,Jv = E,JA/ EVA/ +2T(“AmV)BnAB .



NR string sigma model

Spol = _g / d’c {\/—h hP Qo xt Ipx” Huy + %8 (A ety + A BaTy) aﬁxﬂ]

T
== /dzdsaﬁ&xx“(?ﬁvauv

6E/JA/ = _A/AA/THA,
Dy (@)t =0
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NR string sigma model

Spol = _g / d’c {\/—h hP Qo xt Ipx” Huy + %8 (A ety + A BaTy) aﬁxﬂ]

T
== /dzdsaﬁdxxuaﬁva“v

6E/JA/ = _A/AA/THA,

Dy (@)t =0 — e, Bo, 7, € =0.
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Stiickelberg Symmetries

B,UV — B[{LV — B/JV +(CuATVB - CVATMB )SAB
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Stiickelberg Symmetries

B,UV — B[{LV — B/JV +(CuATVB - CVATMB )SAB

not all components of the background fields occur independently
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Stiickelberg Symmetries

B,UV — B[{LV — B/JV +(CuATVB - CVATMB )SAB

not all components of the background fields occur independently

SSNG = 7%/ d2G |:\/7TTOCBaaX’uaﬁXvE‘uA/EvB,SAIB/ +£aB8aX'uaﬁXve%uv
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Stiickelberg Symmetries

B,UV — B[{LV — B/JV +(CuATVB - CVATMB )SAB
not all components of the background fields occur independently
ATMB)

Suggests By = Buy +( muA’L'f —my EAB;

SSNG = 75/(]26 |:\/7TTOCBaaX’uaﬁXvE‘uA/EvBlaA/B/+£aﬁaaX”aﬁXve%uv
galilean boost?
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Relativistic T-duality

Sy~ T / 26 [V=Rh® dgx dpx” Gy (x) + €% A I x” By ()]

Assume an isometry v with = (v, 1)

Buscher's T-duality rules are given by Buscher; Rocek, Verlinde

> 1 = @vi
GVV = = b BVI = = bl
va va
~ B i = A Bwav'_év aVI
Gw: Av: ’ Bij:BlJ—"— JA 4
va va
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Relativistic T-duality

Sy~ T / 26 [V=Rh® dgx dpx” Gy (x) + €% A I x” By ()]

Assume an isometry v with = (v, 1)

Buscher's T-duality rules are given by Buscher; Rocek, Verlinde

a o 1 B o Gvi
vw — 2 ) vi — bl
va va
é‘_ By B _B“_"_BVIGVJ‘_BVJGVI
vi — ~ bl Iy — 7] ~
va va
a _ C B.iB vi Gy GVj 100 S 0 Y 4 g
=Gt
va
Reduction Reduction
9D ) 7
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T-Duality in Non-relativistic String Theory

For the purpose of our discussion, we distinguish two distinct
T-duality rules:

Gomis, Ouguri, Gomis; Gomis, Kamimura

Bergshoeff, Gomis, Yan; Bergshoeff, Rosseel, S, Yan

e Longitudinal Spatial T-duality

e Transverse T-duality
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NR T-duality

e The transverse T-dual of a non-relativistic string theory gives
a non-relativistic string theory in a T-dual background like in
relativistic T-duality.

T-duality

10D SNC - SNC'

A
~
[}
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NR T-duality

e The transverse T-dual of a non-relativistic string theory gives
a non-relativistic string theory in a T-dual background like in
relativistic T-duality.

T-duality
10D SNC

SNC'

A
~
[}

e Along a longitudinal spatial direction, T-duality maps
nonrelativistic string theory on a SNC background to
relativistic string theory on a Lorentzian geometry with a null

isometry direction and 9;G;, = 9;;B;, =0.
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10D

9D
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T-duality

SNC e

A

L.S. Reduction

NC

> e NoM

Null Reduction



Solutions that satisfy G,, = a[iéj]v = (9[,-31-]\, =0 are

e pp-wave solution
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Solutions that satisfy G,, = a[iéj]v = (9[,-31-]\, =0 are

e pp-wave solution
e NS5-brane solution

e KK monopole
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Relativistic Solutions vs Non-relativistic Solutions |

PP-wave solution

N

dsy, = 2dudv+Kdu?+dzfy,

=]
as)

o U
I
o

pp wave NR F1

K(zgs))

5 v VETusy

F=1+

Ceyda Simsek (@zoom)



Relativistic Solutions vs Non-relativistic Solutions |

PP-wave solution NR fundamental string solution
2 2 2 ’ ’
dspp = 2dudv+Kdu —|—dz(8), ’L'“A _ 5HA= E#A _ 5”A :
? =0 %J:K(Z(g)), e¢:g5.
e® = g.
pp wave T, NR F1

e {———————3% o

K(Z(S)) Ve i<

F=1+ ,
2 12
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Relativistic Solutions vs Non-relativistic Solutions |

PP-wave solution NR fundamental string solution
dsgp = 2dudv+ Kduz—i—dz(zg), ’L'“A _ 5HA= E#A’ _ 5”A”
? =0 %J:K(Z(g)), e¢:g5.

e® = g.
P U . R Fundamental String solution F1
« LF¥— 5
dsfy = FH(=dt’ +dy?)+dzfy),
TY
Bu = (1-F71),
’:1 eé = & F71/2a
K(zs))

F=1+ , V4uey
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Relativistic Solutions

NS5 brane solution

dskss = —dt? +dy® + dy(y + F dzfy,

- 1 =
(dB)mnp = ésmnprar":v e¢ =8s F1/27
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Relativistic Solutions

NS5 brane solution
dskss = —dt? +dy® + dy(y + F dzfy,
= 1

(dB)mnp = ésmnprar":v e&) =8s F1/27

KK monopole
2
$&f}4w+¢ﬁ+@@+F¢@+F4(¢+A44m¢&),
with 8[mA,,] = em,,papF.

t+yev
i Gjjy = 9By, =0
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Relativistic vs Non-relativistic Solutions Il

NR NS5 NS5

NR KK5 KK5



Relativistic vs Non-relativistic Solutions Il

NR NS5 T, NS5

NR KK5



Relativistic vs Non-relativistic Solutions Il

NR NS5 T, NS5
TZ[ [TZ
NR KK5 Tv KK5
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e Supersymmetric version of this theory, do NR solutions
saturate BPS bound? work in progress
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e Supersymmetric version of this theory, do NR solutions
saturate BPS bound? work in progress

e extention to RR branes; Dualities? Kamimura, Ramirez; Kluson

hear talk by Ziqi Yan
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e Supersymmetric version of this theory, do NR solutions
saturate BPS bound? work in progress

e extention to RR branes; Dualities? Kamimura, Ramirez; Kluson

hear talk by Ziqi Yan

e Does intersecting brane give a higher dimensional viewpoint to
some black holes in four and five dimensions as in relativistic
case? Strong non-relativistic gravity?
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Thank you!



