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Programme

1. Basics of classical integrability

2. The heterotic &-model

3. Embedding the principal chiral model into the heterotic string
4. Introducing the A-deformation

5. Integrability of the A-deformation

6. Discussion
> deformation as solution of heterotic supergravity,
o non-trivial non-deformation limit
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G-invariant coupling to background

* Hamiltonian (characterised by generalised metric)
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s 1
* Hamiltonian, here: H= f do (K jou (7)jon () + e (073 (0) + gk () (@)
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PCM as a heterotic €&-model

» principal chiral model (PCM) for Lie group valued fields g
S=-3[dot(jAx), j=gldg — | fu  Huac=0 _ Flu=0
* equations of motion: (PCM + ndecoupled chiral currents)
O4ja+0-jra=0,  9jL —0_fi + fYj3jS =0, 0-k*=0
* Lax representation (with spectral parameter A):

1 o . 1 - - n
(ta, ta): generatorsof § = g® u(1)"
* Hamiltonian integrability:
» classical R-matrix R(A u) €§®3§
t, QT t, Rt
R(Af ) - ;:_ u PéM( ) + - (pchrmf(y)
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introducing the A-deformation

* the deformation is characterised by simple choice of A, (d < n/
A% =eAl, with ASAPxs =rxp, (A€O(d))

* up to basis transformation of u(1)" only one inequivalent deformation
(deformation parameter € )

* resulting background — as two-parameter deformation ( € & #) of PCM
Hape = (k — %52) fabe = h(efk)fabc
f Cab - f cab
Fiyy = —eAlf'
* resulting Hamiltonian equations of motion
0 =34 jL +9-f4 +2eALf* K- j< — hf*,
0 =0, /% — 3% + f /.
0 = 20_K* + €A fy 4 <

* dof the n currents & become non-chiral (in this phase space parameterisation)’
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integrability of the A-deformation

2

*Laxpair: L_(A) =a(A)j%ts, Ly = (b(A)j% + c(A)eA%k*)t, + - Al'c“fa
: 1 1—[e*(1+A) +H] o 2A
Wlth ﬂ—m, b— fe’h(ﬂ,) ’ C——m

and  fo(A)=1—=A—=(1+A)[E(1+A) + 4]
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coupled (formerly
chiral) currents ~
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integrability of the A-deformation

coupled (formerly  decoupled chiral currents

chiral) currents ~

\
*Lax pair:  L_(A) =a(A)j%t,, Ly = (b(A)j + C(A)) ta + n:

1 b_l—[€2(1+/1)+h] 2
1 + A B fe,h (A) ’ B eh (‘)L)

and  fo(A)=1—=A—=(1+A)[E(1+A) + 4]

with g4

* classical R-matrix for r/s-formalism (Hamiltonian integrability)
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Ru(A ) = 420000 (1) + 525 1, with g (2) = et
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* twist function form (up to central contribution from decoupled chiral currents)
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integrability of the A-deformation

coupled (formerly  decoupled chlral currents

chiral) currents ~

* Lax pair:  L_(A) =a(A)j2t,, Ly = (b(A)j + C(A)

: 1 1—[e*(1+A) +H] 22
Wlth ﬂ—m, b— fe’h(ﬂ,) ’ C——m

and  fo(A)=1—=A—=(1+A)[E(1+A) + 4]

* classical R-matrix for r/s-formalism (Hamiltonian integrability)

1+A) fon(A
Ruald10) =& WOle i)+ 5, with gu(A) = R

* twist function form (up to central contribution from decoupled chiral currents)
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integrability of the A-deformation

coupled (formerly  decoupled chlral currents

chiral) currents ~

* Lax pair:  L_(A) =a(A)j2t,, Ly = (b(A)j + C(A)

: 1 1—[e*(1+A) +H] 22
Wlth ﬂ—m, b— fe’h(ﬂ,) ’ C——m

and  fo(A)=1—=A—=(1+A)[E(1+A) + 4]

* classical R-matrix for r/s-formalism (Hamiltonian integrability)

1+A) fon(A
Ruz(A ) =0 (1)+ 525, with ¢ (2) = et
- ~

* twist function form (up to central contribution from decoupled chiral currents)
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* Lax pair:  L_(A) =a(A)j2t,, Ly = (b(A)j + C(A)

: 1 1—[e*(1+A) +H] 22
Wlth ﬂ—m, b— fe’h(ﬂ,) ’ C——m

and  fo(A)=1—=A—=(1+A)[E(1+A) + 4]

* classical R-matrix for r/s-formalism (Hamiltonian integrability)

1+A) fon(A
Ruz(A ) =0 (1)+ 525, with ¢ (2) = et

- ~

* twist function form (up to central contribution from decoupled chiral currents)

 anon-trivial deformation of twist function compared to PCM (e.g. 2 zeros = 3 zeros)
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starting with pure NS-NS background (WZW-model)

FTﬂb — _EAgfﬂﬂb: Habc — h(E)fabc: h(O) =1

* non-~trivial non-deformation limit: ¢ -0, h = 0,1

deformed equations of motion — undeformed equations of motion

M}
deformed Lax pair € g — undeformed Lax pair € g L%(A) — : ;—':EA

David Osten AN INTEGRABLE DEFORMATION OF THE HETEROTIC STRING



discussion

* the A-deformation as a heterotic supergravity background:

0= Ry — 20’ (tr(FecFy) — RiSRE),)
(R*): Ricci tensor of torsionful connection T + % H)

* 1-one parameter deformation of a heterotic supergravity background,
starting with pure NS-NS background (WZW-model)
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* the A-deformation as a heterotic supergravity background:

0= Ry — 20’ (tr(FecFy) — RiSRE),)
(R*): Ricci tensor of torsionful connection T + % H)

* 1-one parameter deformation of a heterotic supergravity background,
starting with pure NS-NS background (WZW-model)

FTﬂb — _EAgfﬂﬂb: Habc — h(E)fabc: h(O) =1

* non-~trivial non-deformation limit: ¢ -0, h = 0,1

deformed equations of motion — undeformed equations of motion
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deformed Lax pair € g — undeformed Lax pair € g L%(A) — : ;—':EA

deformed Lax pair € § - undeformed Lax pair € § ~— coupled (,chiral‘) current
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discussion

* the A-deformation as a heterotic supergravity background:

0= Ry — 20’ (tr(FecFy) — RiSRE),)
(R*): Ricci tensor of torsionful connection T + % H)

* 1-one parameter deformation of a heterotic supergravity background,
starting with pure NS-NS background (WZW-model)

F'p = _EAgfﬂﬂb: Hape = h(E)fabc: h(O) =1

* non-~trivial non-deformation limit: ¢ -0, h = 0,1

deformed equations of motion — undeformed equations of motion
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deformed Lax pair € g — undeformed Lax pair € g “(A) — 3 E: 3
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deformed Lax pair € § - undeformed Lax pair € § —~ coupled (,chiral®) current
3 zeros of ¢, + 2 zeros of Ppcy OF Pywzw disappear in limit
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discussion

* the A-deformation as a heterotic supergravity background:

0= Ry — 20’ (tr(FecFy) — RiSRE),)
(R*): Ricci tensor of torsionful connection T + % H)

* 1-one parameter deformation of a heterotic supergravity background,
starting with pure NS-NS background (WZW-model)

FTab — _EAgfﬂﬂb: Habc — h(E)fabc: h(O) =1

* non-~trivial non-deformation limit: ¢ -0, h = 0,1

deformed equations of motion — undeformed equations of motion

il
deformed Lax pair € g — undeformed Lax pair € g “(A) — 3 E: 3
:F
deformed Lax pair € § - undeformed Lax pair € § —~ coupled (,chiral®) current
3 zeros of ¢, + 2 zeros of Ppcy OF Pywzw disappear in limit

explanation?  perturbation of PDE does not imply perturbation of solution space?

non—chiralitx of Ehase space Earameterisation?
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summary & outlook

* new type of integrable o-model
* mspired by heterotic string (interplay of ordinary o-model and chiral currents)

* 2 parameter integrable deformation of PCM
* 1 parameter deformation of heterotic supergravity
* Lax pair and R-matrix, unusual pole structure in spectral parameter

* unexplored landscape
* full heterotic string, including fermions
* different starting points of deformation (cosets, non-abelian chiral currents)
* different type of deformation in O(d,d+n)

* relationship to other integrable models (reductions of conventional 2d o-models?)
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Thank you for your attention!
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