Sitelilfs (eoanton silale) fieleliinlcony




IRTEhE traditienal approachl Ol stine tREoR/AWE
navertiesthew tercomputeron-shellfscattering
amplittdes:

FOCUSINGlenamplittidesintargiveEn fixed
DACKEFOUNE MISSES a WIHBIEN OGO PHNSIES:
(Instantens, HIggsi Mechanismiete.)




= String field theory. Is basically a field theery o
all'the medes off a sting) at ence: As sUuchiit can
PEUSEM MO thE Same PUrPOSES as! tiaditiongl

feld theony:

5 [Here are many. diffierent stinapiield tieores:
[OIr OPEN), CIOSEd, DOSOMIE, SUPERSYMIMELHE
StrRgs) covarant o lighticone, ealthy oK SICK::.




(GEEM IO INCING NEW, DackdroURAs IRFstHnG
CHEGRY and e GESCrHBING dynamical transIteNs

Systematic COmpPUtatioNs: Ol SCattering

amplitticdes

StUAY PrOCESSES INVeIVING sranes (Early,
URIVErSE)

(COMPULE CONECHIONS Lo SHPErpetential

Shearlight enrNIgher spintieldsiand thelr
INtEraclions




@nthe starrpreduch = algebraic treatment

Simplerexact seluiens

@UuUitleok




Letrusirecall therdefintion oif the stal product

Iihe OSET states 100k asisemi-Infinite strips,
WIth OPErAtO INSErGIONNR thE Ta)i Past:

[\Et UIS INtEgate Ut eVer the V-shaped part of
the worldsheet between @7 and @9

IIhe result can be; effectively: summarizedr by the
INSErtion o a (MeN-10cal) GpErato); e—K

01) * |P2) = [pre 5 @2)




o find eutiwhat e © stands for, 6ne can| perform
arconiionmaltransiermation

Just like

o—tLo —




Staimultplicationis ISONMORPHIE
10 OpErater multiplication

01) * |p2) = |[pre " @2)

Intrediicernew (lnonriecal)F CHEIFOpErators
gg et /2 ¢ K /2
e asseeIated States Satisi:

61) * |P2) = |d16s)

So. @ > |0) isithe isomonphism




PRYING terrestHct therstalalGEa e SEME

minImal SEctor;, GRE NEEHS! OPEatiors
17 G_K, 6_2K

, ] ] °

OnNE canralsertn/adding Operatons
WOK2: &

FOF taCY ORI CONCERSAtIGRAIWE NEEEHE
€ tachyonlat Zere mementm



WIthS e ands K We canlireely denerate; amnralgenra
subject to the only constraint ¢ = 0.

IINE OPERALErS € andl /£ G0/ NeE commute, thelr

COMMULALOIS a REW, ORJECE K, c| =0c

The BRSI operator: € istnotia part of theralgebra,
PUEISI 2l dERVatVE OPErator On the algenra

D RP=P () =" T




At thIs peint ene can alieady: attempt torselve
the eguations el metion

QU + ¥ xW¥ =0

It deESs Not take mUuchi thiying te find the
simplest solutionis ¥ = ac — cK

QY = a(cKc) — (cKe)K
U+ U =q?c? —ac’K — acKe+ (cK)(cK)

TNIS selUtien Unierttnately deESs Not BLEY
sOme regularity conditions.




e indimore general selutioniwe ada arnew
generator B which obeys QB = K

IC ISt gIVERF oY tRE Same EXPRESSION: as: £ Ut With
Eneray. momeRtums tensor replaced by the b ghest:

iorsummarize the relations are:

K,B| =0, Be+cB =1,
B*=0, =0,

QK =0. QB=K., Qc=ckec.




iere Is one more useful derivative £

I actsionrtne algeblia ask
L ECR| 2D 2
y gl G g — [
Lo B k5

and commutes with: €.




Very simple Class ofif SeIULIGRSIIS dIVERS DY,

KB
CT 7€

1
(1 — FBcF)Q (1 - FBCF)

W I F

where F = F(K)

; : "
Tihe solUutionrIs al pure daude UNIess: 1—rFher
ISHlIFAEfinea:




SINGE

Wl 2501 oAb 1+ FBcF + FBcE?BeF + - -

F
14 1_FQBCF

Wermeea
1

] — F2
K

1 — F2

70) 0je string field

70) oje string ield




Ihe KINEtIC OpEerator areund ther REW, Vacttim: W
is given by Qu = Q + {7, e}

110) SEE WhEtHERthERE] IS any: conemelegy o' not;
arotnarthe selutiony We may attempt tor Constrct

a homotopy operator, such that {Qu, A} =1

Remarkably Sstchran Operator fiommally exists

1—F?
i 77 B




QU CrtEren IS dUIte Conservative anahsr ot
Meant torve exnaustive-\We demand that the; state
e a NEN-GIVEFGENT SUPEPOSIEION! Off GECMELFIC

states, In terms off E this means! that

F(K) =[5 e % f ()

for some f(t)




1) F(K)=a (const.)




For the solution basedion F(/£) = a
enefinds y — 2 (Bc)

and theformaIFomMotopY OPErAORIS A —

IS sHliFdelined Operator, the eneray.Is alse
maniiiestly: zere) sothis must e the




For the selutionibased onl F(K) = /1 — BK

eneinds (Upon a trivial glonal gatige rotation)
U =01lc—cK

andl the formall homotopy operator is, A = B

Whichhistwelltdefineas

Ilherelione; thisk eur kst candidater ferthe
2 UniertinatelyAtiisiarslightiy singuiar
selUtion.




Eor the solltion based on
ONE finas

This is the feundinT 2005 (IM.S:)
e formal emMotopY OPEaLoI IS
w22 ¥

1
A= B= | dte*®*B
K /0 Z

Whichiis Wellrdefined: heronly trouble withnr the solutientis
that thennverserltaplacertransiorm ol thertermin square
Prackets does Not die ofitiast enoudhs One findsiso called
pPhantem terms.




Finally let us discuss F(K) =1/v/1+ K
Oneriindstarsimplerselution

WhichhisStWellrdefineas

IIherefiore, this anether candidate” fiox the
it IS/ the; simplest selution’ so; fiar:




ArsimplergatgerequivalentVersion ol UFseIUtienNsS

1
U B(1+ K
A g

1 1
- Q(B
B ST el T

A nice featiire off our SoIUtIoN IS that it dOEes not
Have phantom terms anaiitiisi easy, torcompute the
ENEngy-




IGIS Ve easys
E

1 I j s
Ci\ C
1+ K 1—|—KJ

(e + Q(50)

1 [l
/ dlitlto el =2 iy [ce_thcﬁce_tQK}
0

1 @)
6772 0

: 1
duuse dv sin® Ty = — ir3
0 2T

Inf accordance with: Sen’s, conjecture; !




QU REW SeIUEIGNR CantbE PresEnted as

| T |y S |
A + o Ji e ) e




Recallfthe older solution (IM:S. 2005)), WhRICh IS givVen: by
d dISCrete sum BVer Cylinders:




Aparit offthe tachyon Vacllin selution, Preghess
as Been made (Mmesty in 2007 )R HRaIng
SEIULIGNS descring mandinal deiormatens:

. eJ(x2) ed(xy)




Very clese inrspinit tor CiElr, ne b-ghosts appear




There are many: splutions o ©SEIL, the tachyoen Vacuum Being the
simplest. Viany more remain te eround.

IS Very desirablerioriinaidirect corespondencebeiween OSEN
selutions and beundany siaies! speciiyinglBCEIrs.

[Fremtne strng theorn/ pointel view, we should generalize our
CONStUCION 16] SUPErStINgs:.

OSEIFisioneloitthefinest eExamples; off nen-commutatve Cherm:
Simonsitheoery. Can we Use some; of the math theory to) make more
pregress in string theory? Caniwe learm anout math 7

OSEIF givesia petentially poweritl tool terexplere the landscape of
stringrtheony. It deserves 16 be studied further.




