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BRST CHARGE Derivative

UNINTEGRATED VERTEX

\4
INTEGRATED VERTEX

SOLVE FOR [/ GIVEN THE FIRST EXCITED MASSIVE OPEN STRING UNINTEGRATED
VERTEX OPERATOR |/ (BERKOVITS+CHANDIA (2002))



'MOTIVATION |

@® The tree level scattering amplitude for N external states is given by

Ay = (VIV2V3 /U4--- /UN>

where, V and U are the unintegrated and integrated vertex operators

® The g-loop scattering amplitude for N external states is given by

3g 3
A= /ng 5 (/ dw; v (w;)b(w,)) H/dz] (24))




® INTEGRATED VERTEX OPERATOR IS A MUST SUFFICIENTLY HIGHER POINT
TREE LEVEL AND ALL LOOP LEVEL AMPLITUDES

© VERTEX OPERATOR FOR MASSLESS OPEN STRING STATES IN UNINTEGRATED
AND INTEGRATED FORM ARE KNOWN

--

& THE ONLY KNOWN MASSIVE VERTEX OPERATOR IN PUF1!E SPINOR FORMALISM IS
AT FIRST EXCITED LEVEL OF OPEN STRING (Mass)? = —

CV,

©® WE SHALL PRESENT THE INTEGRATED VERTEX FORM THE ABOVE VERTEX

© WE SHALL SEE THAT OUR CONSTRUCTION SEEMS TO BE GENERALISABLE
TO HIGHER MASS LEVELS



SO, HOW DO WE SOLVE QU = 0V?

| SIMPLE EXAMPLE |

¢ CONSIDER

N
ZB@C@ =0

ALONG WITH

A

[i(élaéZf”yBN):O : 7::0,1,2,“',]?
N

where, {BZ} c 14 CONSTRAINTS

N
B QUESTION: WHAT VALUES OF {c;} SOLVES)> Bic;=0 ?

Il ANSWER: DEPENDS ON NUMBERS OF CONSTRAINTS.



“IF p=0 THEN ¢; =0 V ¢
+IF P 7% 0 THEN WE HAVE TWO OPTIONS FOR SOLVING FOR{ c; }

4+ OPTION 1: ELIMINATE SOME {Ea} IN FAVOUR OF OTHERS USING

A

Ii(BhBQ;'”)BN):O ; i2071727'°'7p

COLLECT ALL THE COEFFICIENTS OF LEFTOVER {Bj\ j # a}

AND SET THEIR COEFFICIENTS TO 0 AND SOLVE FOR {CZ}

+OPTION 2: INTRODUCE LAGRANGE MULTIPLIERS {K;|i =1,2,--- ,p}

v

N p
ZB@C@ + ZIjKj =0
7 71=1

COLLECT COEFFICIENTS OF ALL THE {B;}

AND SET THEIR COEFFICIENTS TO 0 AND SOLVE FOR {c¢;}



4+ OPTION 3 USE OPTION 1 AND OPTION 2 IN A MIXED WAY.

| OURCASE |

FEATURES

Il THERE ARE CONSTRAINTS.

Il CONSTRAINTS NOT KNOWN IN LITERATURE * DISCOVER THEM

SUPERFIELDS

N / p\
Y Bici+» LiK;=0
PURE SPINOR WORLDSHEET
OPERATORS



3 mpq

| RESULT |

‘

I Fy o + (I F 0 + 11 00%G 0 0 + I NPUE,
+ :dadBKO‘B: + :da((?@BFo‘ﬁz + d NG+ :890‘89511]@5:
+ 00N Hppo : +  N""NPIG, 000

WHERE
- (;/2)2Bmpq_§8[pGQ]m . K= _(;/)2 W%Qmenp
— _%(ymnpqmamf;npq .G, = éiﬂfﬁ%ﬁ%ﬁ”%’[m%a
- %v&”menp o Hona = —5;6 Opm Ynja — 1§4 " (Vgim)o” Yulo
- 5[mBn1pq+i5[qu]mn 12@[p5[mGn}q1

L p
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UNINTEGRATED VERTEX

—

© FIRST EXCITED STATE OF OPEN STRING FORMS A SPIN 2 MULTIPLET COMPRISING

wsa — \Ijsoz|9:O 9mn — Gmn|9:O bmnp — anplé’:O

N ~_

128 fermionic d.o.f 44 + 84 bosonic d.o.f
¢ IN THE UNINTEGRATED VERTEX THESE APPEAR AS

Bag = (v""") Binnyp CaB — (anpq)aﬁcmnpq Hpo = =72V 4

N\ \ —

V = 8(96)\&3@[3 - dﬁ)‘aci D Hm)\aHmoz D+ Nmn)\aFo:mn :

3 1
Hsa — _72\Ijsoz — ?(7 )aﬁDﬁans 9 Cymnpq — §a[mBnpq] )

1

Famn — 3 (78[mHn]a T aq(WQ[m)aﬁHn]ﬂ)




l CONSTRUCTION l

WRITE DOWN THE MOST GENERAL OPERATOR CONSTRUCTED OUT OF
BASIS WITH CONFORMAL WEIGHT 2 AND GHOST NUMBER 0.

/

PRODUCTS AND WORLDSHEET DERIVATIVE NO \“
OF CONFORMAL WEIGHT 1 BASIS

(™, d,, 90, N™. J}

U = :0°0°Cy: + :0II"C,, 1 + :0dE*: + :(0J)C : + :ON™C,,, :
| T Fyy s + TG F O 4 TPNME, s+ T Fy 4 2 190G,
L dodg K 0 4 D d NG, 0+ i do JEY D 4 0 da 007 F

 N™ENPIG, oo s 4 NPy s+ N0 H o, -

JJH : + : JOOH, : + : 00%00° H,p

|

+ 4+ 4+ +



i RULE OUT SUPERFIELDS THAT CANNOT HAVE THE PHYSICAL DEGREE OF
-4 FREEDOM BY DOING REST FRAME ANALYSIS

C,=C, =FE“=C=C,,,=F,=F*=P, —=H=H, =0

EXAMPLE
Ca Cm Cmn
/N / N\
?O Clz“ Coi  Cij
M 0o 1 vl

4+ A SUPERFIELD WITH ONE INDEX VANISHES.

4+ A SUPERFIELD WITH TWO ANTI-SYMMETRIC VECTOR INDICES VANISHES.



'STEP3{ COMPUTE QU

A FEW TERMS OF THE ABOVE COMPUTATION ARE

L. II™II1™ F

QG I"I"E,,,:) = 3[:11 I"\“DyFrp : + 2 10 (*yaﬁ)ﬁﬁﬁ)\ (an—|—an)3]

2. TI™d, F.°
QUM ) = ~G[INDLR s + GO AE,
T (A )L ACF :}—— L) g2aem o

-+ (,yogﬁ) m 9 ( 9 ) fYCw' m

C‘{/ 2 m n (8
€ ( 2) - 11 (fyaﬁ)(‘?)\ 8nFm5:



3. IHI"MNPLE,

mpq

/
Q(:TI"NME, ) = %[ " NPIN Dy Foe © + :89"Npq(727’0))\0‘Fmpq:]

OZ/ - o ]_ O/ ’ m a
I N =5 () T ION ) D P

1 /a'\?

2 (5) [02(90)‘6%40< V) 8 E g + 007N 77 ( pq>a5Fmpq}

4. TI™00P G

Q (: 1"90"G s 1)
Oé/ O/ CY/
= - [I"00° X*D oG : + 5 00700° XV G = + 5 ™ ON Gl -

5. dodsK*?

/ &/

5 e N DK s = Mds () A [K70(2) = K77

Q) (: dadﬁKo‘B :)
O/Q CY, 2
+5  dsON O [ — KP7] 2 + (5) 00° ON* Y5y K P
N\ 2
+ (%) : %aﬁ?ep(x)v(z)ygﬁl(“ﬁ

FIVE MORE SUCH TERMS



COMPUTE 0V USING

DS(X,0) = 2119, S(X, 0) + 90° Dy, S(X, 0)

| |

WORLDSHEET SPACETIME
DERIVATIVE DERIVATIVE

:00°0X*Bog: + HmON Hpo : + 1 020°N (Bga + /01 0mC%)
: 00°00°\*DsBog : + : 1I™00°A*(20,,Bap + DgHpo) © + : 0dgA*CP,
L dgON*CP 1 4 1 dg00° \*D,CP . +  2l™dgA0,,CP 1 4 OII"A“H,pg

21" A0, H,y : + : ONT"ANFE 0y 0 + : NTONYE,0,
; 895Nmn)\o‘D5Famn 4+ 2IIPNAY0, Fomn -




© NOTE THAT OPERATION WITH BRST CHARGE AND WORLDSHEET DERIVATIVE
GIVES RISE TO 26 BASIS ELEMENTS

[T\ TI™d N, TTO0P XY I JAY |, TIMN™PAY | OTI™ A | TION
dodg\? , du00° XY | do X, Ao N™ XY, Odo N, da 0N
00%00° XY . 90YTN° | DO N™ N 9PN | 900N’
N™PNPING - N™R TG GN™RAY - NN

JIXY 0T, JON

82 )\oz

CONFORMAL WEIGHT 2, GHOST NUMBER 1



(L4)5"
(15)3"

(1s)5

8}
ADD SPECIAL ZEROS OF THE FORM Z T KA
A=1

1

 NTINY S (m)ap — 5 0 JIAT (Y )ap — @ JOXT g

1

 NTENPIXT: (Yp)ag — 5 - N™IXT 2 (7T)ag — o' s NTHOA™ - g

2
1

L de NTAY (Y as — 5 do JN* 0 (V" )ap — @' 1 dgOX* 1755 = 0

1

CTIPN™PAY D (Ym)apg — = - TTPIAY 0 () o — @ - TIPOXY Vs

2
1

: 00N A (Yim)ap — 5 007 JA" : (V" )ap — ' 1 000N 1 vy = 0

:ONT" A (Ym)ag+ : NTOXY : (Vm)ap — 5 OJAY + (V") ap — 5 JOX : (V") ap
. 04//73582)\& — 0

v

§)
QU =0V +>» LK,

a=1




COLLECT ALL THE TERMS WITH SAME BASIS

1. I A\®

2. [Im9H° )\

3. d,00°\°

4. TI™d g\

5. 00°00° \°

6. O, A\

C\f/

5 [fycTyLﬁ(an + an> T DaGmB_WoTZSF(SB] — 2amBozB + DﬁHma

/

« 1
5 [_W%Fma + DGFaﬁ o 5(7mn>aaHmn5] — Dﬁcao

! 1
% [_DaFmﬁ o 5(’ypq)6aFmpq o ,y(’;rg (KUB — KBU)] = Qamcﬁa




! 1
S| Dok + S ()G | = 0
2 2
8. 9*95 )\«
o | o o 5
S | O o+ G 0ae K| = B + a13500C",
9. II"NPI)\
o B
E [DaFmpq - ’YmaﬁGﬁpq] - 2amFapq + (7[p>aﬁ<K4> |m|q]
10. I JA®
0= Ly (K4)°
- 27 af 4 mq
11. IO\
o o o’
5} [o/?gﬁanFmﬂ - Z(’qu)/BaDﬂFmpq + Gma + Z(fymqu)ﬂaGgq

- Hma o O/’YZB(K4)ﬂmq

12. 09 N™ )P

O/

o [ = Dot = DaFamn + O )so (Ko

14 MORE SUCH TERMS



{ WRITE DOWN THE ANSATZ FOR SUPERFIELDS OF INTEGRATED
* VERTEX AND THE LAGRANGE MULTIPLIERS

“* SUPERFIELDS APPEARING IN INTEGRATED VERTEX

Frn = [1Gmn ; Gra = 91Vma

K = a~o B™? , Hos = hiv” Bonp

F = fs(3""™)® gkmBrpg L F = R (1) W

Frpg = f3Gm[pkq]+f4Bmpq : Gﬁq = 927590‘Ifq]a+93kr7§ak[pq’q]a

Hpna = ho k[man]oz - hSkq(/yq[m)aJ\Ijn]a

Grnpg =  9akimBnipg + 95kpBgmn + 96kimGnipkq + 97 MmpGgn]



“* LAGRANGE MULTIPLIER SUPERFIELDS

(K1)2 = a1k () Wy

(KQ)mnq — Czk[m’yq?]ﬁqJQ5 + Cgkq’}/ﬁf\ljn]ﬁ + 6473 k[ \Ijn]ﬁ + C5k /yT \IJQB + C6krfygqﬁ[man]5

+ k" kY ki Vas + sk Y N Vg
(Ks)p! = coGumn(¥")* + c10kmBaru (7)™ + c11ks Buum (7)™ + c12ks Bruw (7,,")
(Ka)in = 13(m) g + cra(hm) ™ Wng + 15k (7) 7 Wrg + 16Kk (17) 7 Wi
(K5)%,, = crkpGen("?)“s + c18Bimpg(77) %5 + 190 Bpgr (V" )5 + C20kmkpBars (V71°)%3

(K)o, = etk () Uy

SUBSTITUTE THESE ANSATZ IN THE 26 EQUATIONS



ELIMINATE THE BASES FOR THE CONSTRAINTS FOR WHICH THE
LAGRANGE MULTIPLIERS ARE NOT INTRODUCED.

EXAMPLE

/
“» CONSIDER THE CONSTRAINT  : d,dg: + :dgd,: + %ant(%)aﬁ =

6. OIL,,\¢

Pq B __
< THIS RELATES 3 (1m7™)saGy = Hma

7. dadg\®

< RE-EXPRESS 6 COMPLETELY IN TERMS OF 7 * ONE EQUATION LESS



SUBSTITUTE THE ANSATZ AND SET COEFFICIENTS OF ALL THE
BASIS TO ZERO.

EQUATIONS RELATING

a, {f17f27°'° 7f57}7{917927”' 797}7h17h27h37{617027'” 7621}

SOLVE FOR THE ABOVE EQUATIONS



1 18 2881 3017
ad=———75 Ji=— , fa=— f3——,
Q Q Q Q
12 49 432 48
f4_04/2 ) f5__a ) g1 = — o/ . go = ()4/2
192 49 4 12
93 — Oé/ ) g4 — 04/2 9 95 — 04/2 3 96 — _J
3 2 5701 1444
T 907 hl:& ’ hZ:_o/ ’ hg:_oz’

HOW DO WE KNOW ITS THE CORRECT SOLUTION?






