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There is a nice function on the UHP, whose
absolute values give a potential for this dis-
cretisation.
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The boundary of the tree Tp is Q]! (through
the power series expansion

N 2~= p (~o + ~lP + ~2P +.. .),

~nE to, 1, . . . ,p - I}, ~o =t=0.)

Th@ UiiU31string worldsheet is the strip which is confor-

mellhf~quivalent to the UHP = 5L(2,R)j50(2,R). .
SL.(2,iR)- E!IIctson the boundary of the worldsheet as a

5!~m!m~tir:r,(and 50(2) is its maximal compact sub-

grr'@!lIIIp) .

Ti"e itr,mlmietry group of the boundary of the

P-~dli!cwQrlldihe'et is PGL(2,Qp).~.~

P(iL (:2,QtJ) /P G L(2, Zp)

The 'wor!td~h@l@t'of the p-adic string is discrete, but its
boundaryiSi a continuum.

p-adic strlingJprovides an exotic discretisatiQI] of the open
string worJdsheet.
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ThereaJr@ G},I~([)nontrivial solutions: the~e are

again gabJss:ian ~olitonic lump~.,
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Strat~gt':
i We omserwetMat~~r<Dduct of gau~~ians is again
a gaJussian:

-
I

'

1

2 - b'

I
'

1

2 AD

(
a + b

2)Ae a Z *Be' z( ,'" . '. '; < exp . . Izi .1 + a@(}2 1 + ab(}2

,Now ,make a ga~u$sian ansatz:

@

~Gxl"X~) ~ A2exp (-a [Cxl)2+ Cx2)2])

aJnd equate. width a and amplitude A on both
sides of eor:n. .

~ ~ot~VtO~I~("M. f'rJo - ~tAi~

, -J> .,.~~ .C~~~itktvc;t~I ~~ . {tv- p ~ 1

1'Y\.~l"po LA ok ~~ ,"Q L.: fo~ 23
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L~If;LJid'feform th~ tachyon action of the p-adic
itri~r1)j~.U;i,i<ngthe *-prod uct:

,~ ;').).'.,-<p * p-~o<p + 1 (*<p)p+l,
1'+1

~'~(~~~~~i;~;n~of motion in the noncommutative

1 .

P-2ocp ~ (*r.p)p.

We I::>einterested only in "t'M€I3Citrtdependent on xl
2::?;.

9x~IHtionsr <p= 0,1 ribing constant
c(f'~(f,j;~;LJrationsrare still ~Qt.utions of the de-
formed eom.
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'Continuum' limit: p -+ 11

T~I!~~\I§1 t €}and consider the limit € -+ o.
\i'f.,;!l
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:Wl;:!l'1

, ,VWl/~ '~~~""':'

'.c,!~!1a~i ),. , 1 1 2 ( , 2 )f:,'tiJ:;' ====.--cpDcp--
"

cp Incp -1 .
, 2 2,

f!~~i~ii4i,I~.~!,~(tywhaton@ ~ets from a strin~

..~. ., ,. ~-. tIo.scm.ic..tfriI\J!
~

- ,
'", ! $" ~ ' ,

, '~ ,@f-@ it is the boundary strin~ field
T) a'cti,on for the tachyon of the

truncated to two derivatives!
; Kutasov, Marino &

~w.d~.!commutatii~.i!t-y[Cornalba, Okuyama]:
, .

CJ?4- JL ) , ," 1 1 " '

£'~T
,
!!'If'

"
.."" ~ --cp * 0 cp - -cp * cp{1 n*( cp* cp) - 1)

.tV\L( '2 2

yi!~I.(~~~1r';~g.e.~j;u!.~tion 0 f mo t ion:

0 o/fJ + 2cp* In* cp= o~

" ,t ' ,

~ t- . 16 - Fe-ttL
27
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This is C1solitonic m-brC1ne. .

Its tension ( c",energy/volume), is
- '

[

'

1(
'

)
'

]

(25-m) /2

'Pm """ 'ic' p2 ,:21fp2:. p-l Inp , ,

192 (p + 1) '" p'L - 1 '

\ 1, .'2.

-"-'- '.1i; '.I

-..;~ ," ",'..,' ,'
1i!1m1, 'jJ + 1

Ratie> of tenslon i:m.. is independent of m: C1Sm-1.

, in @fcHnC1,rystring theory.

Can stuGJy the worldv@jl~u:~i~t~eory on the soli-
ton. A cQfI;$.istent tr. .~eeping only the
tachyon ~~osSibl(i. C1,f€C1lso mC1ssless
fields corr<&ilP;ondinf tYa;n~\,h~tionzero modes.

p-Tachyon fh:~+d ing to the con-
jectures of ~,en. COG &. Sen, 2000)
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E<I\)l.:J~lti(}n(}f motion:

. r J'-!D~ = ~. J
TI%I!@. ~O<liHtio.rJsto these are:

. "'fikr~ f:Ml'fSt ant con fi9ur.tion ~ (x) ~ 1J
i'$ tl~le perturbative solution -, a space-

-IE:'II',' F':'\
r~l~ ,jl~A1!J 0-

The' tEenslGnof the br@ne is

, 1 p4.
( A. 1) - -- "

125= -£ "fJ = - 2g2p+ 1

.. e~ G:@)r'l1!~W'~*~ (ip( 35) = OJ '

Thiere are no (iD@rtl.:JJb,:@;tiveexcitation arol.:Jnd

this confi'gl.:Jration. EAierg:yvanishes in this
configu ration.
Closed string vacl.:Jl.:Jm?, l/-

. Space(tim'e) dependent soll.:Jtions:

~Si,. ~ ef fNW~
..I"~ ' '(A~"Me"Y\J' rN .
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Kinetic term in is non-standard' and involves
- ,c~;r . '.

an infinite number of derivatives. This is a
\

non-local theory.

I
. I

j

I

Potential has a local minimum and two (re--
specti;v:e;il;oyOIFl'@)local maxima for odd (respec-
t iv61y even) inte§1;er p:

, p-tachyon potential
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Tachyon Potential
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Potential ai:lwa,~shas runaway pathological sin-

gularities), . a6 in bO.$OV\1GstyiVt~.
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T~\I..~'~C:1jv@ action (in spac@time). is:
6. "

£. (PC) . "'" " 'I!

[
_1Tp - !0 -IT

~-1 2

, , .' P ..

(
.., JUT

)
. .p+1 T I

+ 1+---
_y2(p+ 1)' p '. 9-

:2

[

'"

]

, ~. ,,1_:1. [J 1, +1

"" ,g;:!CJI - 1) - '1 '{!fJ 2 cp+ p + 1 rpP

T(x) is th@ tachyonic: scafl'a~r@nd

9
cp(x) . ", 1 + ~T(x)

P .

lPe!r"twr.rba,ti.vi@vacwum T = () CQ;r"r"@spond to

cp~l.
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The ,key observation Of BFOW: all the ingr:e-

. dients of the amplitude AN have tJ-adic ana-
. . logues., .

Proposal: Define p-string, theory as follows:

.replace the absolute v@>luenorm I ~ol of R
in the inte~rand by the p-adic norm 1.lp of
Qp:

I.I'-tl.lp,

.f.:'

. replace integ.rals oveJ R bW integrals over

Qp (usin~ the latter's translat.l.Qnally invari--
anl measure).

, r

The consequence of this il amazing':

All N-p:pint amplitLJ>g€s forpj'O~achYQn.scan now
. . - .. .

be computed exacr~. ,

1.e., we know tMe efRec~i.Y§1,fi~lt€tt~:eQry qf the
tachyonic scalar fiel~ of p-strilill1!)theo!ry exactly.0 .. .

.

0,



(fj)

i:firl Qj,~ carl be represented as a
. '~

.

j

..
..

Q

.:.,Jtff"

+~l' + Is'~lj}')+ . . .)-

1 2 ... 'fi1) ~ 1}, (:
0 -+- 0" , J!' ., ~ r ..

, -+3.7 + 3.72 -+3.73 + ....

seri,es ex~,anslon. '

;""

rl@rmat most 1, form a '

N> {<f E Qp: I~ Ip < I},

p:-aldic integers. ()rdinary integers
b t . .

t~:IU.se In I .

the
are

.\ 4
,','

. ~.'..,

.

1
'.~. .

J;IA,

.
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Examples: 151s;:;::1, 135Is,;:;::.~,1250Is;:;:: i3 ;:;::1~S'

161s= 1, 1~ls;:;:: 1, 1~ls;:;::5, 19612;:;::312.

Iqlp satisfies a II the properties of a norm. In fact there
is a Stronger triangle inequality:

Iq1 + q21p < max {lq1Ip, Iq2lp}
This norm is called non-Jirclil:'im.~f:/ifJnandleads to many
s'ij;t7'a.rn;~;(a~ropiert;jes: ,"'.".=

,:,

~. All triangl es ,are is(f)$Q;eles.
"

. ~i().~p>oiu0}tin "the lntflrl~rQfa EJ,iscis a centre.
'-.'f . "

.. Ifi Iq.iJ.Jp< Iq21p, the;n Irl,:qv]!p<1;lfl2,~ljpf~rany n EZ.

Now recall' that trte "F'ietdGYff'eal number Ris
obtair:1edfrom Q ada.ign9JJ tiE. Q the limit points
ofCcauc..hysequences. -rh'.! points are de-. .

term:ined by theabso,lut:ev.~I,.4J,e norm.

Ct)uchy completiQt'l of Q ,~y the ]t"aGHcnorm
" '" ','; -

leads to a new field.,()f r11.:]r¥1:b.ers Qp, f ----
.

t
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C/on'l.dil~rthe rational numbers Q. We are fa-%c~"-"- , -"""'.- -.

'mlil~i,.rwith the absolute value norm. Now we
W4J.lclillinedifferent norms on this field.

1. IF'b(a Drime number p E {2, 3, 5, 7, 11, 13, . . .},

2. ilf,ar'any integer z, find the highest power

OIf !fJJthat divides it. Call it ord12z.

@!tr!~.(tV ~o~~rithnl: ordp(zlz2) = ordpzl + ordpzl.

3. IF'or Elira!tional number q = Zl:Z2

arid"lf ~ ordpzl - ordpz2.

4. The }lJ>-adicnorfra is:

~

{
.
.

P
.

-ordpq, q =1=0

Iqlp ~ 0, . q = 0

.
~G:~,~1,.,
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k. k ~ Fy. J. Olso
Wi. (4 r)

Ri.C,~iljltree level scattering amplitude of N on-

Ih!iltll t~,chyons of momenta ki (i = 1,..., N),
lIA.

..~.;- .,
..,., B

".
.
..
. "'

.

" .

,
'r'

.

'

.

'

,.

'" J""
"

. - 0 ,
.
S, .

lff/1; --4., L.J 1i9.~- .

--~

AN({ki} ) = J~ 1 ' . . d(,N -3
N-3

X 11 l~ilkN.ki 11 - ~ilkN-l.ki
i=l

IT I'i - 'liOkj .
1<i<j<N-3

The integrals are over the real line R with its
tr~nii11~tiona"y invariant measure d~. Integrand
in~@JI¥.1absolute values of real numbers.

x

The 4-point amplitude can be computed ex-
~ctl)fin term:s of Euler beta function. But AN
for N > 5 cannot be evaluated analytically.

.
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