New Supergravities
from

Supersymmetry Breaking

R. Altendorfer

J. Bagger

S. Galperin
SUSY 98 S. Osofsky



From string theory we know that the real
world has eight supersymmetries,




N=2 Algebra

{QOM Qoz} — QU?de
{Sa, S@} = 20" P,

Folk Theorem:

S0y = Sl0) = 0

Partial supersymmetry breaking ,)
appears impossible ....




Loopholes:

« Spontaneously broken charges
don't exist

{Qo'm J(}zm} = 2044 Timn
{Sda ngm} = 2 O-Zéz (U4Umn T Tmn)
 In covariantly-quantized supergravity

theories, the Hilbert space does not
have positive norm.

Ymea is a “gauge field.”




Examples:

« Branes

N=1 supersymmetric 3-brane in D=6
(Hughes, Liu and Polchinski)

o Nonlinear realizations

Chiral and vector Goldstone multiplets

(Bagger and Galperin)

o Linear realizations

N=2 vector multiplet
(Antoniadis, Partouche and Taylor)




Questions:

» How does partial breaking work in the
presence of gravity?

T Ferrara,
e Girardello,
Porrati;
4 )
V" Nmn + Lmn Zinov’ ev

« How does partial breaking work in the
presence of a cosmological constant?

A ;é 0 Cecaotti,
Girarddlo,

Porrati



In this talk we'll focus on the theories
with nonlinear realizations. We'll couple
them to supergravity — to lowest non-
trivial order.

We'll find

. Partial breaking in flat space
motivates a new representation for
the N=1 massive spin-3/2 multiplet.

« This representation gives rise to a
new N=2 supergravity and a new N=2
supersymmetry algebra.

« Partial breaking in AdS space can
also give rise to a new N=2 algebra....




Technique:

« Construct the Lagrangian and super-
symmetry transformations for the
massive spin 3/2 multiplet.

« Unhiggs the representation by adding
appropriate Goldstone fields and
coupling to gravity.

We'll see that the basic technique is the
same In flat and AdS space....




The massive N=1 spin-3/2 multiplet
contains the following spins:

(V] (U8

« The traditional representation
contains one spin-3/2 fermion, one
spin-1/2 fermion, and two vectors,
all with identical mass.

« An alternative representation has
with the same fermions, but just
one vector and one antisymmetric
tensor.

Each multiplet has a role to play In
the theory of partial supersymmetry
breaking!




Traditional Representation:

Lagrangian

L _ Emnﬂa@mgn 8p wg _ IEEm O C _ le Amn Amn

— Ay A
+ %mgc + h.c. Ferrara,van
— Mo n + h.c. Nieuwenhuizen

Transformations

_ 2
S = 2hun — 1\/%@177 = Om(Cn)

1 mn M
6 = g Amno™"y 1 o A

1
677¢m —= _am<“4¢50r877+21m0n7_7~’4n)
3m .
1
__Hmnn _H—mnni
%( mnO +3 a'n
_ ém(amnﬂnn + Amn)

where

Am — Am ‘|‘1Bm
Htpp = 'Amn iéemnrsArs 10



New Representation:

Lagrangian
rs 7T — s~ =M 1 mn 1 m
L = &"Y,6,0s —i(o 3m5‘;AmnA +§U Um
_l 2 m_l 2 mn
+§m§§ + h.c.

—mymo P, + h.c.

Transformations

onAm = (Ymn + Ym) + ﬁ(ﬁﬁmC = (omn) — T;ﬂbam(én +(7)

2 1 _
6ann = % (namnC%—%@[mC&nm) + h.c.

. - 1
+ INo[mn] +;L77¢mn + h.c.

1 mn 1m m— 1 mn L m —
677C = %Amng 77_750' T}Am_%mgmnT}B _\/gva' n

1 rs . n ' n 1 ny —
Oytm = %ﬁm (Arso"°n 4 2imo"'nAy) — —;(Hfmna + E)Hflmna n
— Sm(om” Aun + Ann)
3
_|_La <2 n— rsB)_z( 4 n)
Sm m\&Un0 1) mao 1Drs 3 Um OmnU 7]
— M<an0_nﬁ ~+ 1€mnrs nro_sﬁ) 11
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where

£ n TS
Um — Gmnrsa B

To unhiggs the representations we need
to add Goldstone and gauge fields.

Which ones?

12



Chiral multiplet:

[577275771} ¢ = 20° 772771

Two Goldstone scalars suggest that
we need two vectors....

N\
of =
N

0 0

N=2 supergravity N=1 matter

One vector Is the N=2 graviphoton
and the other is N=1 matter.
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Lagrangian

e L =
— 2—2272 o+ €M T Dyt — X T Doy — NG DA — D" ¢D,, )
1 1

— = Ay A —zm(wipmj\ + h.e)— m(ino™ + h.c)
- \/Qm(i/\x + h.c.) —%m(xx + h.e)—mWLo™yn + h.c)
_ Kk, i igmn _ Kk m—n 1D—

4<€Z]wm¢nH+ + hC) \/2<XO' o wm n¢ + hC)

- Z_T/é(jﬁmwrllﬁim + h.c) — %emnm@mﬁnﬁp_@ + h.c.)

Transformations m = /<;v2

dey, = ili(niUGEmH‘ﬁz’&a%w)
2
6?7&% = _l)mnZ

K

+ (__;[:[vLmno'n?_?l + \/ZDm@?l _ fi@%()—(ﬁl) n i’l}20'm7_72) 622'

LA 1_ . /o 2 2
A = 7 Aud™ ' =iV

Vo U |
6 = V20 Dy + 201 Irreducible
. Vorn'! o ! representation!
6 = V2xn
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where

and

A, = An +1Bm
Amn = amAm o anAm

Hﬂ:mn = Ann iéEmm’sAm

D¢ = O — %wﬁnx - %mﬂ““m

Supercovariant!

15



Vector multiplet:

[5772,5771} Bm = 2iv° (nzcmﬁl — nlamﬁz)

One Goldstone vector suggests that
we need one antisymmetric tensor....

1 0
1 1
2 2
0
N J N J
Y Y

N=2 supergravity N=1 matter

The real scalar in the linear multiplet
suggests that we also need one real
vector....

16




Lagrangian

6_1£ =
1 rs ;T _ ) . _-m T _m
- 2_1%27?/ + €pq wpquDMDs - 1IXO DmX — iAo DmA
1 1

1 1
— =Dm Dm __f'A f‘Amn__foan = mm
UL (Vo™X + h.c.) —m(iwglamx + h.c)
(xx + h.c)—mW,o™ + h.c)
K

l{'} . .
S A AR f‘flmn _ R m—n 1D
2\/2(@9%#% + h.c.) Q(XO o Y Prp + h.c)

A mn K rs 72 —
- E(Aomwéff + h.c. _E(qu qp;gq%}])sgb + h.c)

— \/ém(iAX + h.c.) —

DO [—

+ ig(XUm(inzp%vn + h.c.) +ig<€pqm@z]295'q¢i?}58 + h.c.)
- 2
Transformations m = KU
buei = 150" s + 110" )
6U¢}n = 2 m771
K/_ .
Sndm = V2ei (Wi + b)) Irreducible
5B = 1'GmA+ Aonr representation!

.1 —2 .2 -1
+ 11 Omt) +11 01y + h.c. .



O\ =
577X =
Syt =
577¢ —
where
Dm¢
fA
fB
and
D¢ = Dy —

ifrfnamnnl — i\/§v2n2
10" Dinp = im0™' 7' + 20"’
2

“ LA n_1
K

2 .2 2 _
Dmn” 4w omn” — \/5 FmnO 1

+ Dt + 5 (D000 — (X0)h) = i6mry’

11
XN + XN

m

m

g%ﬁ U X) Supercovariant!

Fion = Finn+ %W[Qm% + Yt

O = Um + (iktpom™x + h.c.)

1K
2

(=" Yporths + h.c.)
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These Lagrangians have N=2 supersymmetry

« N=1realized linearly — not broken

« N=2 realized nonlinearly — broken!

From the transformations we see

1 .
. — — v+ i\/ﬁ)\ does not shift
C TN

1
. V:—)\—i\/i does!
V3 X

It IS the Goldstone fermion for N=2

supersymmetry, spontaneously
broken to N=L1.
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In the chiral case,

The complex scalar ¢ Is the Goldstone
boson for a gauged central charge.

Moreover, in the unitary gauge,

o = v =0

The Lagrangian reduces to the usual
representation for the massive N=!
spin-3/2 multiplet.
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In the vector case,

[577275771} Bm = 2iv? (7720m7_71 — nlamﬁz)

21 _ _
[(5,,72,(5?71} Bmn = ;5’[m(7720n]771 —nlan]n2)

The real vector B, Is the Goldstone
boson for a gauged vectorial central
extension of the N=2 algebra.

In addition, the real scalar ¢ is the
Goldstone boson for a gauged central

charge.

In the unitary gauge, with

¢:Bm:V:O

The Lagrangian reduces to the new
representation for the massive N=!
spin-3/2 multiplet.
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In each case, the second supercurrent IS

ng = v° (\/éz Uaamﬂd + 40aﬁmn¢2n6)

Computing, one finds

{Qo'éa Jfrlna} — QUZ@Tmn
{gda Jfana} — ZUZdTmn

Because of the second gravitino,

(0l (SS +59)10) = 0
even though

Sl0) #0  Sl0) # 0

The supergravity couplings exploit the
second loophole to the no-go theorem!
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Note:

The chiral case is a truncation of the
supergravity coupling found by Ferrara,
Girardello and Porrati and by Zinov'ev.

(Their results were based on linear N=2
supersymmetry, They involved N=2
vector and hyper multiplets.)

The vector case is completely new.
It contains a new realization of N=2
supergravity.

The couplings presented here are minimal
and model-independent.

They describe the superHiggs effect in
the low-enerqy effective theories that result
from partial supersymmetry breaking....
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Partial Breaking in AdS Space:

OSP(2,4) algebra

(@105 = 20%,Ras
{Qq(;m Qﬁj} — QiAgabaﬁMabéij -+ 21(5aﬁ€wT
[Mab, QZ} — _iO'abQi

Ra, Q'] = %A(Ta@z'

As A — 0

Ry, — Py,

T" — one real central
charge....

How does partial breaking work in AdS space?
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To construct the coupling, follow the
same procedure....

Start with the massive N=1 spin-3/2
multiplet in AdS space.

D(E+3,2) ® D(E,1) &
D(E+1,1) ® D(E +3,3)

where FE > 2 and

D(E,s) denotes the eigenvalues under
U(1) X SU(2) C S0O(3,2)

25




Lagrangian

_ _ — _ — 1 1
(& 1£’ — € lemnrs¢m0nvr¢s - 1C0'mva - ZAmnAmn - Zanan

- %(m2 —mA)An A" — %(m2 + mA)BnB™"
1
+-md{C + h.c.
2
— o™+ hoc. A # 0

Transformations

51 Am = V14 e(hmn+ pmn)
+ \/11T€ (i\}g(l - 6) (ﬁa'mc - E5m77) o ﬁ@m(cn T 577))

+\/—< 7 (14 €)(nom¢ + Comn) +\/- Om(Cn — Cn))
677C = \/1_6(\/ AmnO' 7]_1\%0' nAm)

+ V1 + ¢ —7§an(7 "+ 7§O'mﬁBm)

1 1 1 1
= vm ’ rs . n— L) —= A n o, = 1_4 ny—
O Jte <3m (Arso""n+ 2imo" nAn) 2(H+mn0 + 3H mn0 )1

2 n i A n—
— Bm(am Ann+ Amn) — 2€H+mn0 1N — emAmn

1 ( _1 . _ 1 B 1 B _
vm . rs 9 n - - n — b n
+ JT—c \3m (Brso n 1mo nB )+ 2(H+mna + 3H mnO )77

2- n 1 B n— .
+ glm(am Bnn+ Bmn) — o €Himno' ) —iem By

€ = A/m m .= (E_].)A
EFE>2 = 0<e<Z1 26



To unhiggs, note that

D(E+3,5) @ D(E,1)&

D(E+1,1) ® D(E+%,3)

B —2

>

D(

N [ot
N Ieo

) & D(2,1) @ D(3,1) & D(2,3)
® D(2,2) © D(3,0)
- J - J
Y Y
massless spin-3/2 massive spin-1

Y

o The symmetryis OSP(1,4) x U(1)

« The U(1) must be broken because
E > 2
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Lagrangian

- ER—i— €S i Tn Dyt — IXG " Do\ — X0 DY
1 1 1
- _AmnAmn 4anan _5 m¢ADm¢A _5 m¢BDm¢B

~ m\/l —¢€ (wiami + h.c.) — mV1 — E(ino™x + h.c)

1
— V2m(i\x + h.c) — o + hee)
_ (mw?n mnwi A C) (Emwrlna_nmwi 4 hC)
— 4€@j¢m¢n(\/1 LeHT —iV1— eHg") + h.c.
= gxamawm(%m —iDugn) + h.c.
K —— mn . mn
_ 2—\/5>\O'm?7bil(\/1 _ 6HA+ - 1\/1 + 6HB+) + h.c.
] —e—

— Eemms @Dmgan%(&;m i0s¢B) + h.c.

= mnmwmganwr V1+e LeAs —iV1— eBs) + h.c.

+ 2/1677% ¢m20 "n1ida + h.c.

RETN ~

\/2 —=A\7 ¢m¢A + h.c.
— ikemxo " Yrda + h.c.
2 2
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Transformations

O
St

67]Am
67]Bm

oA

OnX

Byt

= ilﬁ'ﬂ?i Uaamz' + 1K1 5“1%

2 m

€ _1
mn +1 OmT)
K

\/1 + €€ij <¢m77 + wmﬂ] —|_ \/1 \/2(77 omA + )\O’mﬁ )

\/1—6%( il +1¢m77)+\/1+6\/2(77 OmA — )\amn)

1 . 1 - 1
\/1 — e = Amn mn! \/1 ~—7= Bmn i
1 ] € NG o 71 + + € Nz o n
+ \/QiemgbAnl — i\/Q%\/l — 62772
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+ o1 — 62772
K

2 9 m 2
~—Dm 1~ omi)
K U —i_l/"&o- "

- _;\/1 + eﬁfmnanﬁl —mV1+ eAnn'
l\/ — B a1, |17 € D 1
-+ 1 EH—i—mnO N + 1+ (6771@514 1 m¢B)77

1 — E@Dm( Oyt — 16?71@3)
1_6

— iem . quamn

2

1 _
Sypa = X1 + X7
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where

Diga = Onga —mV1 — eAm
Dmgbg = Om®B — mv'1 + eBn

DmgbA = Onga — mvV1 — eAn — g(%lnx + lEn)Z)

Do = Ond — mv/1+ By +1_ (dx ~ UX)

Y rppll 2 SRR R

K -2 7
an = an_la\/l _G(Qﬂ[zqu}b] _Tﬁ[QmZﬁiL])
. K < _ 1 -1 _
+iv/ +€2\/2( O [n W) ¢[0])
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The couplings depend on

Kk, v, A

with

m = \/A2—|—1<52v4

E:A/m OSESI

This Lagrangian describes the spontaneous
breaking of N=2 to N=1 in AdS space.

» |t has supersymmetry and gauge
symmetry

« Inunitary gauge, it reduces to the
massive case.
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LiImits:

A — 0, fixed k, v e — ()

[

previous case, flat space

k — 0, fixed v, A e —1

[

partially broken N=2 supersymmetry
In a fixed AdS background
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Manifold of Supergravities

N=2 supergravity N=2 supersymmetry

In AdS space in AdS space

- gl

oI I P A

4-"4-::"‘- ;*&***ﬁﬁ#ﬁ# 3@#@%@%@@%@%@5@
it o

"’1"-"""&“‘5#**ﬁﬁﬁﬁgig&‘*&ﬁ@?*f ,@:‘**

D Y%
SRR
SNBSS

In flat space
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kK — 0

b2, 01 | 4 = 207 (n'n® 4 Ma72)

u()
[5?7275771] ¢B = _2102(771772 — T172)
Om,
[5?7275?71} By = —V2iv° (771772 — M17)2)

m

When v, A # ( the symmetry algebra is

OSP(2,4) x U(1) semi-direct
product!

NONLINEARLY REALIZED!
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This construction evades

Coleman-Mandula
Haag, Sohnius, Lupusanski

because the broken changes don't
exist!

The
OSP(2,4) X U(1)

symmetry only exists at the level of
the current algebral!

U(1) always broken!
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Summary: In this talk we have

« Studied partial breaking in flat space

and found a new representation for
the N=1 massive spin-3/2 multiplet.

« Unhigged this representation and
found a new N=2 supergravity and a
new N=2 supersymmetry algebra.

« Discovered the partial breaking in
AdS space can also give rise to a
new N=2 algebra....

Brane interpretation?
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