Downloaded from UvA-DARE, the institutional repository of the University of Amsterdam (UvA)
http://hdl.handle.net/11245/2.34926

File ID uvapub:34926
Filename 157137y.pdf
Version unknown

SOURCE (OR PART OF THE FOLLOWING SOURCE):

Type article

Title The matrix theory S matrix

Author(s) J.C. Plefka, M. Serone, A.K. Waldron

Faculty FNWI: Institute for High Energy Physics (IHEF)
Year 1998

FULL BIBLIOGRAPHIC DETAILS:
http://hdl.handle.net/11245/1.151543

Copyright

1t is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s) and/or
copyright holder(s), other than for strictly personal, individual use, unless the work is under an open content licence (like
Creative Commons).

UvA-DARE is a service provided by the library of the University of Amsterdam (http://dare.uva.nl)
(pagedate: 2014-11-14)


http://hdl.handle.net/11245/2.34926
http://hdl.handle.net/11245/1.151543
http://dare.uva.nl

VOLUME 81, NUMBER 14 PHYSICAL REVIEW LETTERS 5 @TOBER 1998

Matrix Theory S Matrix
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The technology required for eikonal scattering amplitude calculations in matrix theory is developed.
Using the entire supersymmetric completion of th&/r” matrix theory potential we compute the
graviton-graviton scattering amplitude and find agreement with 11 dimensional supergravity at tree level.
[S0031-9007(98)07213-5]

PACS numbers: 11.25.Db, 04.60.—m, 04.65.+e, 11.55.—-m

M theory, the 11 dimensional quantum theory underwe present the full result which is based on the work of
lying perturbative strings, has in recent years headline®,10]. Rather than a matrix theory Feynman diagtaor
dramatic changes in our understanding of string theoryde force all leading D-brane spin-dependent interactions
At large distancesV theory reduces (by definition) to are obtained by a string theory computation employing the
11 dimensional supergravity. According to the matrix Green-Schwarz boundary state formalism [11].
theory conjecture of [1] the microscopic degrees of free- Combining the effective potential and our matrix theory
dom of M theory are described by the lar@é limit of LSZ reduction formula it is then possible to compute
a quantum mechanicaupersymmetric V) Yang-Mills  eikonal S-matrix elements. As an example we consider
model. The model itself arises, on the one hand, as tha graviton-graviton scattering process and find that the
regulating theory of the 11 dimensional supermembranenatrix theory scattering amplitude agrees with that of
[2] and on the other as the short distance description 01l dimensional supergravity.

DO-branes [3,4]. An essential feature of the model is the Before presenting our results and formalism, a few re-
existence of asymptotic particle states carrying the quamarks are in order. Throughout this paper we work in
tum numbers of the 11 dimensional graviton supermultithe N = 2 sector of the matrix model. Since our compu-

plet [1,5]. tations are, for the time being, restricted to the one loop

A principal test of the matrix conjecture is the compari-leading terms of matrix theory which are protected by su-
son of scattering amplitudes in the Yang-Mills quantumpersymmetry, there is no need to take the lakgémit.
mechanics with those of 11 dimensional supergravityThe demonstrated impressive agreement of supergravity
To date, typical matrix theory scattering experimentsand matrix theory amplitudes at finifé indeed confirms
involve the comparison of classical gravity source-probethis claim. Despite the fact that this agreement is expected
actions with the background field effective action of superby supersymmetry, our results clearly show that matrix the-
Yang-Mills theory in(1 + 0) dimensions evaluated on ory is aware of the tensorial structurelajrentz invariant
straight line configurations (see [6] for an exhaustive listl1 dimensional supergravity. Moreover, the formalism de-
of references). However, a matrix theory computationveloped in the present Letter permits the computation of
yielding true S-matrix elements, depending on momentamore general scattering amplitudes that will be crucial to
and polarizations of the external particles, has remainednderstand the range of validity of matrix theory. (A more
elusive. In this Letter we carry out precisely such adetailed analysis of the results presented here will appear
computation. in a forthcoming paper.)

To this end we construct a matrix theory analog of the LSZ for matrix theory.—Ffhe N = 2 matrix theory
Lehmann, Symanzik, and Zimmermann (LSZ) reductionHamiltonian

formula which relates th& matrix to the background field H=43POP% + [3P, - P, + +(X, X X,)?
expansion of the matrix theory path integral. In essence, e is - -
we have found that th§-matrix elements formed from the + 53X, Oy, X 0] (0]

asymptotic supergraviton states of [5] induce exactly thds a sum of an interacting SU(2) part describing relative
boundary conditions in the matrix path integral satisfiednotions and a free U(1) piece pertaining to the center
by straight line diagonal background field configurations. of mass. We use a vector notation for the adjoint
In fact, in order to obtain the polarization dependenceepresentation of SU(2)X, = (Y/,x,)andd = (6’,6°)
of scattering amplitudes in matrix theory, it is necessarywith 7/ = 1,2 andu = 1,...,9) and may choose a gauge
to expand the effective potential in both bosonic andn which ¥§ = 0. The model has a potential with flat
fermionic background fields. There exist, scattered in thelirections along a valley floor in the Cartan secikor
literature, some partial results for the fermionic part ofand #°>. The remaining degrees of freedom transverse
the one loop matrix theory effective potential [7,8]. Hereto the valley are supersymmetric harmonic oscillators in
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the variablesYl’L (u # 9) and #’. Upon introducing a quoted boundary conditions through the identification

large gauge invariant distanae= (Xo - Xo)'/2 = xo as  0u = (x, + xu)/2andv, = (x, — x,)/T. '
the separation of a pair of particles, the Hamiltonian (1) UP to an overall normalizatiodV', our LSZ reduction
was shown [5] to possess asymptotic two particle states ¢Prmula for matrix theory is simply

the form Spi = 59(/(/& — ky)e HukuT/2
1o ,
Ip,. H'pr, H?*) = 105,0r) o (P = Px i it p2)X ] d°x'd’x N exp(—iw,x), + iuyx,)
X AH gorosl H P go—gs . (2) X (FN(H e T Ot Y |32 (5)

Here p,;* and H '* are, respectively, the momenta and The leading factor expresses momentum conservation for
polarizations of the two particles. The stdfg, 0r) is  the center of mass where we have dendtgd= p}L +
the ground state of the superharmonic oscillators and thpi andk;, = pr + p* for the ingoing and outgoing par-
polarization states are thet ® 84 @ 128 representation ticles, respectively, and similarly for the relative momenta
of the #° = 3 variables, corresponding to the graviton, u, = (p,, — Rz)/z andw,, = (p), — pz)/g.
three-form tensor, and gravitino, respectively. In a loopwise expansion of the matrix theory path
For the computation of scattering amplitudes oneintegral one findsl'(v,,b,,0°%) = v,v,T/2 + Ty +
may now form theS matrix in the usual fashion T'(; + ... of which we consider only the first two terms
Sy = (out|exp{—iHT}|in) with the desired ingoing in order to compare our results with tree-level supergrav-
and outgoing quantum numbers according to (2). (Thety. Inserting this expansion into (5) and changing vari-
asymptotic states above are constructed with respect @blesd’x'd’x — d°(Tv)d’b, the integral ovef'v,, may
a large separation in the same direction for both ingoinge performed via stationary phase. Dropping the normal-
and outgoing particles, i.e., eikonal kinematics. Moreization and the overall center of mass piece Shmatrix
general kinematical situations are handled by introducinghen reads

a rotation operator into th& matrix [12].) The object of Sy = e—i[(u+w>/2]2T/2f d°b e 1 bu{ {3 (H 4|
interest is then the vacuum to vacuum transition amplitude
e Tl 0) = {0, 0F| exQ{—iHT}|0p,0F)y, . (3) X e Twoonolvu =t wi) 200070 31y | 3{2) | (6)

Note that the ground states actually depend on the Cartaneré g, = wy, — u,. Itis Important to note that in
variablesx, andx/, through the oscillator mass. Also, (6) the variables* are operator$¢;,. 65} = 6.5 whose
both the left and right hand sides depend on the oper&@Xpectation between polarization stafed) yields the
tor 6°. spin dependence of the scattering amplitude.

Our key observation is rather simple. In field theory The loopwise expansion of the effective action should
one is accustomed to expand around a vanishing vacuuhg valid for the eikonal regime, i.e., large impact parame-
expectation value when computing the vacuum to vacuurter b, or small momentum transfey,,. As we shall see
transition amplitude for some field composed of oscillatorbelow, this limit is dominated by-channel physics on the
modes. In quantum mechanics the idea is of coursgupergravity side.
exactly the same, and therefore if one is to represent DO-brane computation of the matrix theory effective po-
(3) by a path integral one should expand the supetential. —We must now determine the one-loop effective
oscillators transverse to the valley about a vanishingnatrix potentiall’(v, b, 6°), namely, thev*/r’ term and
vacuum expectation value. One may then write the matrixs supersymmetric completion. Fortunately the bulk of

theory S matrix in terms of a path integral with the stated this computation has already been performed in string the-
boundary conditions ory by [9,10] who applied the Green-Schwarz boundary

%, =(0.0.x,).6=(0.0.6%) state formalism of [11] to a one-loop annulus computation
eI T W6 — [ ”‘ D(gwg,g,g, 0) for a pair of moving DO-branes. They found that the lead-
X, =(0,0,x,),6=(0,0,6%) ing spin interactions are dictated by a simple zero mode
/2 analysis and their form is, in particular, scale independent.
X exp(i f LSYM). (4) This observation allows one to extrapolate the results of
[9,10] to short distances and suggests a matrix theory de-
The LagrangianLsyy is that of the supersymmetric Scription for tree-level supergravity interactions.
Yang-Mills quantum mechanics with appropriate gauge Following [9,10], supersymmetric DO-brane interac-
fixing to which end we have introduced ghosts¢ and  tions are computed from the correlator

-T/2

the Lagrange multiplier gauge field. The effective _ 1 Oodt (B.% = Ole~2mte'p” (P7ia/ax")
action I'(v,, b,,0°) is most easily computed via an 16 Jo ’

expansion about classical trajectori&g (1) = x¢/(r) = o R

b, + v,t and constantd®(r) = 6> which yields the X e A Vr|B, 5 = b) ()
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with 0, O~ being the SO(8) supercharges broken by the presence of the D-bBartee boundary state associated
with DO-branes, andy §,_,do (X'a,X7 + 1Sy!i5) is the boost operator where the direction 1 has to be identified
with the time (see [9,10] for details). Expanding (7) and using the results in section four of [10], one finds the following
compact form for the leading one-loop matrix theory potential (normalizing to one*term and settingr’ = 1)

4i
Vi toop = |:v4 + 200, (0y™0)d, — 2v,v,(0y""0) (077" 0)d 0, — g’vq(equa) (0y™0) (0y"*0)9,,0,9,

2 1
T 3 (07"0)(07"0) (0y™0) (Wike)amanapaq} =L 8)

where = (%, %) should be identified withg3/2 of
the last section and all indices are nine dimensioAaI. Results.—Our matrix computation is completed by
The general structure of this potential was noted in [13}aking the quantum mechanical expectation of the ef-
and its first, second, and last terms were calculated ifiective potential (8) between the polarization states of
[14], [7], and [8], respectively. (It would be interesting (6). Clearly one can now study any amplitude involving
to establish the supersymmetry transformations of thigravitons, three-form tensors, and gravitini. We choose
potential. However, acceleration terms, set to zero in outo compute a h; + h, — hy + hy graviton-graviton
setup, should then be included [15].) | process, and thus prepare states

. 1
lin) = steht, ATy AD) Ty aDn2, Ay, a0 Wy, A 1-),
(out] = 53(—1hA (A1¥7mAD) A ya AR, (A2yp A2) (A7 A2) .

Note that (following [5]) we have complexified the . . ]
Majorana center of mass and Cartan spingtsand 63 T purely technical and our final results are SO(9) covariant.
in terms of SO(7) spinors\!? = (9% = 63 + i¢® =  The creation and destruction operatakg, and A,
i03)/2, where = denotes projection with respect ta.  annihilate the states-| and|—), respectively.
Actually the polarizations in (9) are seven dimensional The resulting one-loop eikonal matrix theory graviton-
but may be generalized to the nine dimensional case at ttgraviton scattering amplitude is composed of 66 terms and
end of the calculation. We stress that these maneuvers aj@enoting, e.g.(qghi1hsv) = quh,, by, v, and (hihy) =
h,,h3,]is given by

A = %{%(hlm) (hah3)v* + 2[(ghshav) (hihs) — (ghahzv) (hiha)]v?

9)

+ (vhav) (ghsq) (h1hs) + (vh3v) (qhaq) (hihy) — 2(qhav) (qhsv) (hihs)

— 2(gh1hav) (ghshav) + (ghihav) (ghahsv) + (qhahiv) (ghshav)

+ 3[(ghihahshag) = 2(qhihshahsg) + (ghahihahzg) = 2ghahsq) (hiha)Jv?

— (ghyav) (gh3q) (h1hs) + (ghaq) (qhs3v) (hihs) — (gh1q) (ghahzhav) + (qhiq) (ghshahav)
— (qhaq) (ghahzhiv) + (qhaq) (ghshahyv) — (qghiv) (ghahahsq) + (qhiv) (ghahshaq)

— (qh4v) (ghihah3q) + (ghav) (ghihshaq) + (qhihaq) (ghahsv) — (qhihaq) (ghshav)
sL(@h19) (qhaq) (hsha) + 2(gh1q) (ghaq) (hahs) + 2(qhiq) (qhsq) (haha)

(qh3q) (ghaq) (hh2)] + 3[(qh1q) (ghshahag) — (ghiq) (qhahshsq)

— (qh19) (qhahshaq) — (qhaq) (ghihahsq) + (qhaq) (ghihshaq) — (qhaq) (ghahihzg)]

+ 3l(ghih3q) (ghshaq) + (qhihaq) (ghshsg) + (qhihag) (ghahzq)T}

+ [hy — ho, by — ha]. (10)

+
+

We have neglected all terms within the curly brackets proportionaftes ¢,q,, i.e., those that cancel the/q>
pole. These correspond to contact interactions in the DO-brane computation, whereas this calculation is valid only for
noncoincident branes.

D = 11 supergravity.—Fhe above leading order result for eikonal scattering in matrix theory is easily shown to agree
with the corresponding 11 dimensional field theoretical amplitude. Tree-level graviton-graviton scattering is dimension
independent and has been computed in [16]. We have double-checked that work by a type IIA string theory computation
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and will not display the explicit result here which dependsexactly (10) as long as any pieces canceling theole

on 11 momenta), (with i = 1,...,4) and polarizations (i.e., the aforementionegf terms) are neglected.

hisn subject to the de Donder gauge conditjaipi’y, " — Although we have presented here only a matrix scatter-

(1/2)pih'y™ = 0 (no sum oni). Matrix theory, on the ing amplitude restricted to the eikonal regime, we never-

other hand, is formulated in terms of on shell degrees ofheless believe the agreement found is rather impressive.

freedom only, namely, transverse physical polarizations We thank B. de Wit, R. Dijkgraaf, S. Moch, K. Peeters,

and euclidean nine momenta. and J. Vermaseren for discussions. Our computation
‘Going to light-cone variables for the eleven momentamade extensive use of the computer algebra system

pu We take the case of vanishing~™ momentum ex- Form[17].

change, i.e., the scenario of our matrix computation,

1 _ (1 _ 2 _
P = (C2we = 4u/27% vy = qu/2). [1] T. Banks, W. Fischler, S. Shenker, and L. Susskind, Phys.

Py = (—3(wu = qu/2D* 1 —v, + q,/2), Rev. D55, 5112 (1997).
s 1 ) (12) [2] B. de Wit, J. Hoppe, and H. Nicolai, Nucl. PhyB305
Py = (=3(u + 4u/2) Lve + qu/2), 545 (1988).
| oo
P/?x] = (—a(v, + qﬂ/2)2, 1,—v, — qM/2)‘ [3] J. Polchinski, Phys. Rev. Lett5, 4724 (1995).

_ [4] E. Witten, Nucl. PhysB460, 3305 (1996).
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convention isnpyy = diag(—,+...,+).] By transverse [6] T. Banks, Nucl. Phys. Proc. SupB67, 180 (1998).
Galilean invariance we have set to zero the nine dimen-[7] P. Kraus, Phys. Lett. B19 73 (1998).

sional center of mass momentum. We measure moment&8] M. Barrio, R. Helling, and G. Polhemus, J. High Energy
in units of p~ which we set to one. For this kinematical Phys.5, 12 (1998).

situation conservation op* momentum clearly implies  [°] ‘311':7 2"303[?1‘55{9;-'“- Scrucca, and M. Serone, Phys. Lett. B
;)ilrLT?eg MMO': I:l}ite_tf:]iit /;thVdevf/:LOZMvjnf v;’; /ozf. (5) are [10] J.F. Morales, C.A. Scrucca, and M. Serone, hep-th/

e e i IR g the.. .. 9801183.
e reduce to physical polarizations Dy using €117\ g Green and M. Gutperle, Nucl. Phy8476, 484

residual gauge freedom to sét, = 0 and solve the (1996).

de Donder gauge con_dition in terms of the transverse 2] J. Plefka and A. Waldron, hep-th/9801093.

traceless polarizations),, for which one findsh’, =  [13] J.A. Harvey, hep-th/9706039.

—pihly. [14] M.R. Douglas, D. Kabat, P. Pouliot, and S.H. Shenker,

Agreement with the matrix result (10) is then achieved _ Nucl. Phys.B485 85 (1997).
by taking the eikonal limitv, > ¢, of the gravity [15] V. Pern{val and R. von Unge, hep-th/9801121; S. Paban,
amplitude in which the-pole contributions dominate. (In S. Sethi, and M. Stem, hep-th/9805018.

the above parametrization, the Mandelstam variables a A6] S. Sannan, Phys. Rev. B, 1749 (1986).
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