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A. (Extremely) Brief review
of the tree level
open string scattering amplitudes



(Tree level) N-point amplitude of gauge bosons
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(Tree level) N-point amplitude of gauge bosons

Ay =i2m)P6P (ki + ... + ky) x

| (A LA A(1,2,...,N)+< non-cyclic )}

permutations

A(1,2,...,N) =
g2 / du(z) < Vilzr, k)Va(za, ko) ... V(zn, k) >,

Vi(z;, k;) — Open string vertex operator.



For the BOSONIC open string:

A(1,2,...,N) =
1 TN-2 T3 N ,
gN_Q/ d:I:NQ/ dry_s3 ... / dxs H(a:j — ;)2 kik
0 0 0 oy
N N
20/Gi - ¢ 20'k; - G
o (26 y

i<j i (@) — i)
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For the BOSONIC open string:

A(l,2 N) =
1 TN 2 T3 N ,
gN2/ d:L’N_Q/ dryn_3 ... / dxo H(CI}] — xz-)QO‘ kik;
0 0 0 i<
N N
20/ - 20'k; - G;
X exp —
;j <xj o xi>2 Z#Zj ('rj o xi) linear

For the SUPERSYMMETRIC open string:

X/d@l deN_Q H($j Z; (9](92)204 kickj X
i<j
/d¢1 don X

Nall,_,,,,,_ O/l.....\
oxp [ 37 B = 0006 k) —1/2 2/} 6,644 )

oy Lj— Tj — 8]92 /
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Example 1 : 3-point amplitude
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Example 1 : 3-point amplitude

i) Open BOSONIC string

Ab(la 27 3) —

29 | (G- ka)(Ca- C3) + (G2 k3)(G3 - C1) + (G- k1)(Ci-Ga) | +

+ 29 (2) (C1 - k2)(Co - k3) (s - Fn)
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Example 1 : 3-point amplitude

i) Open BOSONIC string
Ab(la 27 3) —
29 | (C1-k2)(Ca-G3) + (G2 k3)(G3 - 1) + (G3 - k1)(C1 - o)

+ 29 (2) (C1 - k2)(Co - k3) (s - Fn)

ii) Open SUPERSYMMETRIC string

Ay(1,2,3) =
29 [ (G- ka2)(Ca - C3) + (Co- k3)(C - C1) + (C3 - K1) (G- C2) }
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Example 2 : 4-point amplitude
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Example 2 : 4-point amplitude

i) Open BOSONIC string

[(=1—d's)I'(—1 —a't)
Ay(1.2.3.4) =8 ¢* o
b( Y ) Y ) g O[ F<2 L O(/S L C\{’t) ><

X Kp(C1, ke Go, ko; Gy ki3; Cus g @)

15



Example 2 : 4-point amplitude

i) Open BOSONIC string

[(=1—d's)I'(—1 —a't)
Ay(1.2.3.4) =8 ¢* o
b( Y ) Y ) g O[ F<2 L O(/S L C\{’t) ><

X Kp(C1, ke Go, ko; Gy ki3; Cus g @)

ii) Open SUPERSYMMETRIC string

2l (=a/s)['(—=a't)
['(1—a's—a't)
X KS(Cl) kl) CQ) k27 C37 k37 C47 k4> ’

Ay(1,2,3,4) =8 ¢* «
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where

S = —(]ﬁ + k2>2 , b= —(]{1 -+ k4>2 , U= —(lﬁ -+ k3>2

are the Mandelstam variables
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where
S = —(]ﬂ -+ k2>2 , b= —(]ﬂ -+ k4>2 , U= —(lﬁ + ]{3>2

are the Mandelstam variables and

K= [t G)(G - ¢ +
+su(Co - G3)(Cr - Ca) Fut(Gr - GO) (G- G| +
55 (G k)G RG G) + (G k(G k)G G) +
HGBs)(G k(G )+ (G Ra)(G - ) G Go)] +

51 (@ k)G k)G Q)+ (G k)G k)G G+
+(C2 - k) (G- k) (G- Co) + (G- k1) (Ga - B2) (G- Gi) | +

U {(Cl ko) (Ca - K3) (G- Go) + (Gs - ka)(Ca - k) (Cr - Gu) +
HGr ki) (G k(G- o) + (G- k)(Gr k(G- )]

DO | —

_|_
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o/ expansion of the 4-point momentum factor:

@,QF(—a’S)F(—a’t)
['(1—a's —a't)
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o/ expansion of the 4-point momentum factor:

ol (—a/s)T(—a't)
o)
['(1—a's —a't)

1 7T2 774

P R COICR R

=+ G (45° + st + 4t7) ot +

+ [%2(3) st(s+t) — C(5)(s® + 287 + 2st” + t3)] o +

+ [%g(S)Qst(s +1)2—

6

15120

(165* 4 125%t + 235%t% 4 12st° + 16t4)] o'’ +

+ 0@ .
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B. (Extremely) Brief review
of the low energy
effective lagrangian
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General Structure

ﬁi%ff —
= tr[ F? 4 (20/)F? + (20/)2F* + (20/)* (F° + D*F*) +

+(20/)*(FS + D*F° + D*F*) + O((2a/)* }
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General Structure

Lopt =
= tr[ F? 4 (20/)F? + (20/)2F* + (20/)} (F° + D*F*) +
+a/) (F® + D*F° + D'FY) 4 0((20)") |

+ (fermions)
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General Structure

Left N
= tr[ F? 4 (20/)F? 4 (20/)2F* + (20/)* (F° + D*F*) +
+(2aYY(FS + D2F® + D'FY) + 0((2a/)") } +

+ (fermions)

i) Low energy effective lagrangian up to o'

terms

1 i )
Log= ?tr [ — ZFM F,+ (20/)1a1FMAFA Fl'+
+ (20 2@ FSE, By + P F FY R, +

+asF" Fy FYFy, + agF" FYE, By, ) +

+O((22/)°) ] .
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General Structure

[’eff —

|
2 tr[ F? 4 (20/)F? 4 (20/)2F* + (20/)* (F° + D*F*) +

+(2aYY(FS + D2F® + D'FY) + 0((2a/)") } +

+ (fermions)

i) Low energy effective lagrangian up to o'

terms

Log= %tr [ — EFWFW — (20/)1a1FMAFA”F,/“ +
+ (2/)° (G3F“AFVAFuvap +as P\ F PP E, +
+ asF" F, FMF, + aGFWFAPFWFAp) +
+0((22/)") ] .

—+ 1 coefficient at o/* order : a;
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General Structure

[’eff —

|
2 tr[ F? 4 (20/)F? 4 (20/)2F* + (20/)* (F° + D*F*) +

+(2aYY(FS + D2F® + D'FY) + 0((2a/)") } +
+ (fermions)

i) Low energy effective lagrangian up to o'

terms

| i )
Log= ?tr [ — ZFM F, + (20/)1a1FMAFA F1+
+(2d/)? (agF“AF”AFMpFVp + a FhF ) FF, +

+asF" Fy FYFy, + agF" FYE, By, ) +
+0((2a')°) ] .

: 1
— 1 coefficient at o/ order : a;
: 2
— 4 coefficients at o/° order: as, a4, as, ag.
? ? ?
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ii) Low energy effective lagrangian at
o order

N3

Eeff(g) - <2§2>
tr| aw F,"F,"F\"F,"F," + ay;; F,”F,"F\"F'F " +
+ap F,"F F,'F\"F,” + a13 F,"F,"F,\F 'F,”
+ ay FM”FVAFA”FPUFap + as FMVFVAF,)JFAMFOP ™
+ Q16 (DMFV)\> (DMF/\/)> FOVFPO +
+ a7 (D,F,) E,Y (D'E,’) F+
+ awg (DuF,) (DMF\Y)FOF,” +
+ Q19 (DquA) Fpa (DMF\") F,” +
T anp (DO_FNV> FAp (D“’FI/A) Fpa 4+
+anF,” (D'F,") F, (D,F,") +
+ agnk,” (D"F,\") (DOFVA) E° }
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ii) Low energy effective lagrangian at
o order

N3

Eeff(g) - <2§2>
tr| aw F,"F,"F\"F,"F," + ay;; F,”F,"F\"F'F " +
+ap F,"F F,'F\"F,” + a13 F,"F,"F,\F 'F,”
+ ay FM”FVAFA”FPUFap + as FMVFVAF,)JFAMFUP ™
+ Q16 (D,LLFV)\> (DMF/\/)) FOVFPO +
+ a7 (D,F,) E,Y (D'E,’) F+
+ awg (DuF,) (DMF\Y)FOF,” +
+ Q19 (DquA) Fpa (DMF\") F,” +
T anp (DO_FNV> FAp (D“’FI/A) Fpa 4+
+anF,” (D'F,") F, (D,F,") +
+ agnk,” (D"F,\") (DOFVA) E° }

— 13 coefficients at o/° order
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C. Basics of the S-matrix approach
to the (tree level) open string
low energy effective lagrangian
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Matching the open string amplitudes
with the ones from the LEL:
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Matching the open string amplitudes
with the ones from the LEL:

i) Case of the 3-point amplitude:
Bosonic string; a; = —1i/3.

Supersymmetric string: a; = 0.
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Matching the open string amplitudes
with the ones from the LEL:

i) Case of the 3-point amplitude:
Bosonic string; a; = —1i/3.

Supersymmetric string: a; = 0.

ii) Case of the 4-point amplitude:

Coefficient Bosonic Supersymmetric
open string theory | open string theory
az w2 /12 /12
ay w2 /24 w2 /24
as —m2/48 — 1/8 —7% /48

ag —72/96 + 1/8 —72/96
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Matching the open string amplitudes
with the ones from the LEL:

i) Case of the 3-point amplitude:

Bosonic string:

Supersymmetric string:

a| = —Z/3

CL1:0.

ii) Case of the 4-point amplitude:

Coefficient Bosonic Supersymmetric
open string theory | open string theory
az w2 /12 /12
ay w2 /24 w2 /24
as —m2/48 — 1/8 —7% /48
ag —m2/96 + 1/8 —7%/96

It is exactly
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Matching the open string amplitudes
with the ones from the LEL:

i) Case of the 3-point amplitude:

Bosonic string:

Supersymmetric string:

a| = —Z/3

CL1:0.

ii) Case of the 4-point amplitude:

Coefficient Bosonic Supersymmetric
open string theory | open string theory
az w2 /12 /12
ay w2 /24 w2 /24
as —m2/48 — 1/8 —7% /48
ag —m2/96 + 1/8 —7%/96

It is exactly the SAME method
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Matching the open string amplitudes
with the ones from the LEL:

i) Case of the 3-point amplitude:

Bosonic string:

Supersymmetric string:

a| = —Z/3

CL1:0.

ii) Case of the 4-point amplitude:

Coefficient Bosonic Supersymmetric
open string theory | open string theory
as w2 /12 /12
ay w2 /24 w2 /24
as —72/48 — 1/8 —7% /48
ag —m2/96 + 1/8 —7%/96

It is exactly the SAME method applied to two

different expressions for
A(1,2,...,N) .
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D. Our revisited S-matrix approach
to the (tree level) open string
low energy effective lagrangian
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Main observation
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Main observation

In the case of the superstring
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Main observation

In the case of the superstring

A(1,...,N) does not contain (¢ - k) terms
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Main observation

In the case of the superstring

A1, ...

. N) does not contain (¢ - k)™ terms

This i1s probably due to

D=10 Supersymmetry
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i)

/2

calculation
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/2

i) o' calculation

CL3:—88_6 ,a4:—4a6 ,a5:2a6
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12

i) o' calculation
a3 = —8ag ,a4 = —4ag ,a5 =2 ag .
Lo = —tr| — ~FWE, 1 ag (202 — 8 FFYFOF, —
eff = e 1 jv 6 (2& AL Lop

—4 FMF  F"F,, +2 F"F, FNF), + FWF)\pFWF)\p> +

+O((2a)) ] .
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12

i) o' calculation
a3 = —8ag ,a4 = —4ag ,a5 =2 ag .
L= it — 1FWF + ag (2 ’)2 — 8 FMFYF PF, —
eff — 92 I 4 pr T ag (200 At tvp

—4 FKFF"F,,+2 F"F,,F*F), + FWF)\pFWF)\p> +
+O((2a)) ] .

— At /% order there is only 1 coefficient: ag.
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12

i) o' calculation
a3 = —8ag ,a4 = —4ag ,a5 =2 ag .
L= it — 1FWF + ag (2 ’)2 — 8 FMFYF PF, —
eff — 92 I 4 pr T ag (200 At tvp

—4 FKFF"F,,+2 F"F,,F*F), + FWF)\pFWF)\p> +
+O((2a)) ] .

— At /% order there is only 1 coefficient: ag.
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ii) o

13

calculation
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3

ii) o' calculation
—2a16 = —2a17 = 8ajg = —ayy = a2 ,
aig = ags = 0.
a1 = a3 = —2a15 = —1 Az ,

ajp = 12 = a4 =

47
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ii) /" calculation
—2a16 = —2a17 = 8a1g = —agy = agz ,
aigs — a1 = O .
alO:a12:a14:O.
) (20)" an
£eﬂ:( )= - g2
. U\ o : v oo A
i F,"F)F\"F,'F,” +i F,'F"F,F,'F,/ —
7; y A\ o 1 \ v o
—5 BSEESRVES + 0 (DuFY) (D'F) F,F,
1 , o 1 o v
*5 (DuF,%) F,V (D'"F\) F,* — 8 (DuE,) B, (DEY) F
o v A g
D) B DR - B (040 (D)
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13

ii) o' calculation
—2a16 = —2a17 = 8a19 = —agy = a3 ,
aig = ags = 0.
aj] = a13 = —2a15 = —1 a ,
a9 = a2 = ajy = 0 .
N3
£ (3) _ _(20&) ad929
eff 9

g
. v A o . v o A
x tr| i F,"F F\"F'F,” +i F,”F,°F,F,'F," —

—= F'FF°F\"F,”+ - (D,F,") (D'"F\") F,"F°

DO | .

L (D) B 0

o

0| =N —

(D,F,) F, (D'F\") F,’
+(D,F,”) F\/ (D'"F*) F,” — F,/ (D"F,\") (D,F,") F,°

— At o/ order there is only 1 coefficient: ags.
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13

ii) o' calculation
—2a16 = —2a17 = 8a19 = —agy = a3 ,
aig = ags = 0.
aj] = a13 = —2a15 = —1 a ,
a9 = a2 = ajy = 0 .
N3
£ (3) _ _(20&) ad929
eff 9

g
. v A o . v o A
x tr| i F,"F F\"F'F,” +i F,”F,°F,F,'F," —

—= F'FF°F\"F,”+ - (D,F,") (D'"F\") F,"F°

DO | .

L (D) B 0

o

0| =N —

(D,F,) F, (D'F\") F,’
+(D,F,”) F\/ (D'"F*) F,” — F,/ (D"F,\") (D,F,") F,°

— At o/ order there is only 1 coefficient: ags.

dgo = 2C(3)

50



iii) a

14

calculation:
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14

iii) o/~ calculation:

2 N4 _4
Leﬁ(4>:( &9)2 . (Lpe+ Lp2ps +Lpips )

where

52



1

Lpe=——X
F
46080
PV V2 U3 V3 AV A5 VS HG VG
Xt tr(FﬂlVlFM2V2FM3V3FM4V4FM5V5FM6V6) )

)

56 i
. M1V 2V [3V3 A VA L5 VS
ED2r = J5080' 00 "
% A0 (Fyyiy Fyiow Frigs D ooy Do Fisys ) +
1
oy \HIVIH2V2HBV3 VISV
* ooz 1 t®)
X tl“( - 169 DQFlul]/lFILLQVQFMSVgF/L4V4DOCFM5V5 +
+68 D&FlulylDQFMQVQFM3V3FN4V4FN5V5 +
+237 F\, DF iy Do F s Fys Frs +
+237 Fu, D F s Frn Do Fyp Fiss +
_'_267 F,ulylFN2V2DaFﬂ3V3D&FM4V4FN5V5 —i_
. —|_16 FulylF/jJQVQFM?,V?,DaFMZLVZLDO‘ H5V5 ) o
1
o tu17/1u21/2/~631/3u41/4 <
5760 (®)
X {17 tr (D’“LE’FMVIFMQVQF%V?,DVE’FMMF%%) +
—|—2 tr (FlulylD'%F,LLQVQDV5FM3V3FM4V4FM5V5)} ?
['D4F4 _ 1 HIVI[2V2[13V3 4V o

11520 ®)
X tr (DQFMWD(OéDﬁ)FMQVQDﬁF%V?)FMM +

+8 DaFMWlD@FuzszBFM:s%DﬁFMM ) '
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E. Summary of our revisited
S-matrix method
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1. There now is an improved (revisited)
version of the S-matrix approach to the
Open Superstring low energy effective

lagrangian, L ..
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1. There now is an improved (revisited)
version of the S-matrix approach to the
Open Superstring low energy effective
lagrangian, L ..

2. It incorporates a kinematic requireme-
nent in the gauge boson scattering ampli-
tudes, (presumably) due to Supersymmetry.
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1. There now is an improved (revisited)
version of the S-matrix approach to the
Open Superstring low energy effective
lagrangian, L ..

2. It incorporates a kinematic requireme-
nent in the gauge boson scattering ampli-
tudes, (presumably) due to Supersymmetry.

3. It has been successtully used to obtain
the bosonic terms of L g up to o' order.
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4. Our revisited S-matrix method suggests
that, demanding:

I. The kinematical constraints
(absence of (¢ - k)N terms)

_|_

II. The Open Superstring
4-point amplitude
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4. Our revisited S-matrix method suggests
that, demanding:

I. The kinematical constraints
(absence of (¢ - k)N terms)

_|_

II. The Open Superstring

4-point amplitude

are enough requirements to obtain

COMPLETELY

L.q (order by order in o).
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4. Our revisited S-matrix method suggests
that, demanding:

I. The kinematical constraints
(absence of (¢ - k) terms)

_l_

II. The Open Superstring
4-point amplitude

are enough requirements to obtain

COMPLETELY

L.g (order by order in o).

JHEP10 (2012) 108
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5. Important remark:
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5. Important remark:

In the literature there already exists another
method which only uses the open superstring
4-point amplitude and that succeeds in find-
ing the o/ terms of L up to o' order:
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5. Important remark:

In the literature there already exists another
method which only uses the open superstring
4-point amplitude and that succeeds in find-
ing the o/ terms of L up to o' order:

The method of BPS configurations
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5. Important remark:

In the literature there already exists another
method which only uses the open superstring
4-point amplitude and that succeeds in find-
ing the o/ terms of L up to o' order:

The method of BPS configurations

— It 1s due to Koerber and Sevrin
(2001-2004).
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5. Important remark:

In the literature there already exists another
method which only uses the open superstring
4-point amplitude and that succeeds in find-
ing the o/ terms of L up to o' order:

The method of BPS configurations

— It 1s due to Koerber and Sevrin
(2001-2004).

— Our results agree with the ones of Koer-
ber and Sevrin up to o 3 order and probably
also agree at o + order.

65



F. ... As for the scattering amplitudes ...
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F. ... As for the scattering amplitudes ...

(Work in progress)
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F. ... As for the scattering amplitudes ...

(Work in progress,
to be soon sent to the hep-th ArXiv)

68



Interesting question:
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Interesting question:

Does the (tree level) N-point formula, in
Open Superstring Theory,
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Interesting question:

Does the (tree level) N-point formula, in
Open Superstring Theory,

N-2

A(1,2,...,N) = 2<920/>2(:1:N1 —x1)(xy — 21) X
TN-1 LN—-2 L3
/ diUNQ/ diL’N_g / dZL’Q X
0 0 0
N
X /d91 d@N_Q H(ZIZJ ZT; 9]92>2@/kl k; X
1<J
/dqbl ce ngSN X

No/l.__,_,._ 0/1-----\
exp (Z <2 ><93 €Z>¢J<CJ kl) 1/2 <2 >¢j¢@<§j Cz)

i2] Lj— Tj — 9](92 /
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Interesting question:

Does the (tree level) N-point formula, in
Open Superstring Theory,

N-2

A(1,2,...,N) = 2<920/>2(:1:N1 — x1)(xN — x1) X
/0 drys /O drys /O dzy %
N
X /d91 d@N_Q H(ZIZJ ZT; 9]92>2@/kl k; X
i<
/dqbl ce ngSN X
oep (30 2010 = 000G ) =172 (201910, 0)

admit a closed expression for any N7
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Interesting question:

Does the (tree level) N-point formula, in
Open Superstring Theory,

N-2

9
A(la 27 IR 7N) — 2<2a/>2<x]\7—1 — 32'1)(517]\[ — 331) X
TN-1 TN-—2 T3
/ diUNQ/ diL’N_g / dZL’Q X
0 0 0
N

/dqbl c. ngSN X
N i 20)1(0; — 0)6:(C; - ki) — 1/2 (20) :i(C; - )
’ i Lj — Lj — Hjez' /

admit a closed expression for any N7

Answer:
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Interesting question:

Does the (tree level) N-point formula, in
Open Superstring Theory,

N-2

9
A(la 27 IR 7N) — 2<2a/>2<x]\7—1 — 32'1)(517]\[ — 331) X
TN-1 TN-—2 T3
/ diUNQ/ diL’N_g / dZL’Q X
0 0 0
N

/dqbl c. ngSN X
N i 20)1(0; — 0)6:(C; - ki) — 1/2 (20) :i(C; - )
’ i Lj — Lj — Hjez' /

admit a closed expression for any N7

Answer:

Yes !
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Interesting question:

Does the (tree level) N-point formula, in
Open Superstring Theory,

A(1,2,...,N) =2

X / doy ... don—o | [(x; — xi — 0,0, x
i<j
/ dby ... dby X

exp (i (2/)1(0; — 92')%'((;" ' ki)f 19/-20(2&/)1@@(@ ' Cz')\

i#] AR )
admit a closed expression for any N7
Answer:
Yes !

Matra, Schlotterer, Stieberger, arXiv:0909.0256
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Mafra, Schlotterer and Stieberger’s result:
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Mafra, Schlotterer and Stieberger’s result:

A(1,2,...,N)=  F™ Ayp(1,2,...,N=1,N)+...

n F(%V}S)! Ayu(L,N —=2,...,N —1,N)
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Mafra, Schlotterer and Stieberger’s result:

A(1,2,...,N)=  F™ Ayp(1,2,...,N=1,N)+...

n Féjvvlg)! Ayu(L,N —=2,...,N —1,N)

where F1<N), el F<<]]\>f>_3

factors, which contain the o’ dependence.

: are the momentum
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Mafra, Schlotterer and Stieberger’s result:

A(1,2,...,N)=  F™ Ayp(1,2,...,N=1,N)+...

n Féjvvlg)! Ayu(L,N —=2,...,N —1,N)

N N
F! ),...,F<<N>_3

factors, which contain the o’ dependence.

where X are the momentum

Examples:
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Mafra, Schlotterer and Stieberger’s result:

A(1,2,...,N)=  F™ Ayp(1,2,...,N=1,N)+...

n Féjvvlg)! Ayu(L,N —=2,...,N —1,N)

N N
F! ),...,F<<N>_3

factors, which contain the o’ dependence.

where X are the momentum
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1
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F(l + 20/0&12)F(1 + 20/0423)

= FW=
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Examples:

i) N=5

A(1,2,3,4,5) =
= F% Ay(1,2,3,4,5) + YY) Ayu(1,3,2,4,5)

where

1 3
(5) 2d'a19—1,. 2da 20’ o
Fl = (X192 (34 d:lﬁg dZCQ I 12 I3 13(1 — 562) 24
0 0

(1 . xS)QO/Oéggl—l(l,g . x2)2a’a23
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n F{jvvlg)! Ayy(L,N —=2,...,N —1,N) .

Examples:

i) N=5

A(1,2,3,4,5) =
= F% Ayy(1,2,3,4,5) + YY) Aya(1,3,2,4,5)

where

1 3
(5) 2d'a19—1,. 2da 20/«
Fl = (X192 (34 dﬂ?g dZCQ i) 12 I3 13(1 — 562) 24
0 0

(1 . x3)20/0434—1(x3 _ x2)2a,0423

F1(5) =1- (20/)2 C(Q) (0412 Qi34 — Qi34 Qg5 — (V19 0451) —

— (22)? ¢(3) (04%2 (ga + 2 g oy Qe+ g Ay —

\

2 2 2 2
— Qzy Qg5 — Q34 Qg5 — Qg Q51 — Q12 Qg

/

+ O((2a)")
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Examples:
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A(1,2,...,N)=  F™ Ayy(1,2,...,N—1,N) +

n F<(jvvl3)! Ayy(1L,N —2,... N —1,N).

Examples:
iii) N=6
A(1,2,3, 4 5 6)
= F9 Ay1(1,2,3,4,5,6) + F\¥ Ayy(1,3,2,4,5,6) +
+ % Aya(1,2,4,3,5,6) + F\% Ay(1,3,4,2,5,6) +
+ R AYM(l 1,2,3,5,6) + F.* Aya(1,4,3,2,5,6)
where
1 —0412 0445/ dl’4/ diEg/ dCIZ'Q .1'22&&12 L 2040413
2& 0414 2& Q95 <1 x3>2oz Q35
( o 4)2040445—1<x3_x2>204&23

<ZE4 _ x2>20/0424<x4 _ 35‘3)20/0434

13 23
e |
X3 X3 — X9
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6 /o /
F1( = Q12 0445/ / / dxg my** M2 g2 s
T4

20/ &14(1 x2)20/a25<1 . x3>20/0435
< )20[ 0545—1<£C3 . x2)20/0423
<Qf4 . 332)20/0424(334 . .773)20/&34

13 23
X [ +
X3 X3 — T2
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(6) 20/ avj9—1 . 20«
Fl = (V19 Q45 dx2 X2 2 s 1

2a 14 2a 95 (1 $3)2&’a35
( )204 Qy5— 1( . x2>20/0z23
. 20’ gy o 20’ agy
(@4 — @2)™ M2y — 23)

Q13 Q23
A==
X3 T3 — T2

F1(6> =1- (20/>2 ¢(2) (0445 Q56 + Qr12 Qg1 — Quqp t193 —
— Q12 t345 + 123 t345) +

+(2¢/)° ¢(3) ( 2 Qo Qg Qs + 2 iy gy s +
+ ozi5 Q56 1+ Qg5 04?)6 + oz%Q Qg1 + Q19 ozgl —
— 2 aigy Qu trag — s tiaz — Qs tog —
— 2 (19 Qup Tozg — Oy taas — 2 Qg Qg L3
1395 taus — Qo tays 4 Lo 1oys ) -+
+0((2a')%),

where
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What can the revisited S-matrix method
say about Mafra-Schlotterer-Stieberger’s re-
sult,
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n F&V}g)! Ayu(L,N —=2,...,N —1,N) 777
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What can the revisited S-matrix method
say about Mafra-Schlotterer-Stieberger’s re-
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n F&V}g)! Ayu(L,N —=2,...,N —1,N) 777

Answer:

It can be re-derived from it !
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II. The Open Superstring

4-point amplitude
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IV. Cyclic symmetry
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Marfra-Schlotterer-Stieberger’s result,

A(1,2,...,N)=  F™ Ayp(1,2,...,N=1,N)+...

n F(S*’VV}?))! Ayu(L,N —=2,...,N —1,N)

can be re-derived.

At least we have succeeded in the cases of N=5 and
N=6 (also N=7 7) :

FP =1 (20/)? ¢(2) (0 ass — gt augs — g ausy) —

— (22/)° ¢(3) (04%2 34 + 2y Qg azq + Qg 3, —

2 2 2 2
— Q3y Q5 — O34 QG5 — Ay (51 — V12 0451) +

+0((22)) ,
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Marfra-Schlotterer-Stieberger’s result,

A(1,2,...,N)=  F™ Ayy(1,2,...,N=1,N)+...

n Fggz?))! Ayu(1L,N —2,....,N —1,N)

can be re-derived.

At least we have succeeded in the cases of N=5 and
N=6 (also N=7 7) :

5
Fl( J=1- (2a/)? ¢(2) (a2 34 — azg Qs — gz ) —
- (20/)3 ¢(3) (04%2 Q34 + 2 g (93 Qizq + Q2 Oé§4 —
— 04§4 Q45 — (V34 ozir) — a%Q Q51 — (19 a§1> +

+0((22)) ,

F1(6) =1—(22")" ¢(2) (0445 Q56 1 Q12 Qi1 — Qs T123 —
— a2 t345 + t123 t345) +
+ (20)7 ¢(3) ( 2 an2 Qi3 Qs + 2 (g 3y s+
+ 0425 Q56 + Q45 agﬁ + 04%2 Qg1 + Q12 aél —

9 9
— 2 i34 s Tro3 — Qg t193 — Qs L9y —

— 2 @y Qus tazy — Oy taas — 2 Qo Qo3 tags +
+ tlgs taas — Qua s + tiog tayg ) +
+ 0((2a)Y) .
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G. Global summary
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1. Our revisited S-matrix approach, which deals

with the RNS description of the open superstring,
proposes a CONCRETE SHORTCUT to:
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1. Our revisited S-matrix approach, which deals
with the RNS description of the open superstring,
proposes a CONCRETE SHORTCUT to:

i) The construction of the LEL, L .

%ﬁ —
= tr[ F? 4 (2d/)F + (20/)2F* + (22/)}(F° + D*F*) +
+a/H(F® + D*F® 4 D'FY) 4 O((20)") |
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ii) The construction of the (tree level) N-point am-
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I. The kinematical constraints
(absence of (¢ - k)" terms)

_|_

II. The Open Superstring

4-point amplitude
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2. Although at this moment,

— neither £eﬂ:
(N)

— nor the momentum factors F' i

of A(1,2,...,N),
are known at any o' order,

our revisited S-matrix method suggests an explicit
construction of both of them,
bypassing the computation of o’ expansion of world-

sheet integrals that arise in N > 5 point amplitudes,

like, for example, for N=6 :

2 1
/dm/ d:cg,/ dxg 1,202 g 20'0ns g 20%an4— b eg—x )O‘O‘Q?’

$4—$2)2 (33'4—333)2& asq4— 1(1—332)2& ag5—1

(1 o 3)204 ass (1 _x4)20z 45
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1 T4 3
/ / ro 20 cvoa—1
/ d$4/ dﬂ?g/ d.CUQ x22a 192 x32a 13 3342& ajs—1 (953—:172) o' 93
0 0 0

20’ any 20/ 3q—1 20/ g5 —1
(1—2)

(€4 —13)
(1 o x3>20/0435 (1 o 334)20/0445

(T4—12)

1 1 1 1
+ + +
(20/)3 [(Oé23041675234 0434@5615234) <Oé340416t234 @230456t234)]
¢(2) Q16 Q56 11 Qo3
+ ST | ; + ; +| —+— | — ; t +
( 04) (230234 12340034 Q56 (16 234056 1234(X16
1 1 Qa o o
+<_+_> B ( 23 n 34 ) B ( 12 )
o3 (i34 to34016 234056 Q560034 04230416
Q0 o t t
_( 56 i 16 ) B ( 345 123 )] n
Qo3tozs  to340r34 04340416 Q930056

+ O((2a)")

where

aj = k- k; and bnnp = O + Qi + Qi
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Obrigado !
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