B_Q_Liﬂgﬂﬁg_y_ S‘!‘_rl'n_q Field Tj\ﬁﬂi‘f}r
of the DTD— Syste nm

hep-th/c012199

k., F. Larsen

alse - Lnfr‘ﬁhﬁﬂ:iﬂlia
T**'—‘-?“urﬂ-: '-_,.: Terash wm s

-



Outline

» Decive vartious derwis 1mi acetionm *Far

tachyen + gawuge Lyeld.

s Show "E-l'\ﬁ"l' lower E!‘.?'*‘tfﬂ.it.ﬁ-'m] D-branes are Ea]f"!‘ﬂﬁf.
ol D'Er"—"'-“h"E_ KR - L”HF.}‘1“5FZ
e =

_ﬁl Sw; = S CA Ste E:'L

F= -s!/{‘" ."-AA-/L
- IIA*‘ 1-:'
A (‘I‘ I'A_)

Non— BPS :
= Op AW (F =T+ pT)
Swa = S CatC e

e Show thn-i' sel'tent L\r:.vc Cefrect RR‘E-Im.ﬂgE_

e = indt@r= ima (P06 T )



QSFT Dpppﬂqtk {w;t"“"} Shatar vaﬂf;
Grecas irmey, =hkhotar vl =

Kutasewv, Marine, Hnﬂ-ﬂ_)

@ Tke-ur;r Cvi SpHce ﬂ'p al] twe Limensional
,c.'e_lgl theocies E.M-p-:"'ﬂu' J e b"-‘ljk but Wby

Gebit Caty heundary 'nteccctions,

o Classical spacetime action fFor superstring

V& cll':.k Fn-::r-bft-l'r::-ﬂ ‘Fhﬂr.-l:'-'nﬂ:

SRS 2{}‘;) = 5'055&-'5\.4& = Saady

Skmf-y — ?—z\nﬁ"l

o (_]aif..ly F*E.}q'ﬁ:ﬂ-af tﬂ @"‘Nﬂcﬂﬂl Qpppgﬁ.ﬂ.l\

(Frﬁ-:lk-'ﬂ‘, Tht*ff}fq;
Callan €. al.
Avdreev, Tseytlin )



Wl

O« qanization of Computations

'I\} T._n-l-e_ﬂra.h?_ oOvVer -F-'&Icl-'- in bulk with -Fl‘rfai]
hDHﬂﬂlﬁF}f {_ﬂﬁﬁﬂi.tllﬂﬂi ¢|'{t}

SL

s We!ll consider -::u"-.'l}r NS-ws and RR Vacue .

Woure L& 0] = S‘DF‘,:__.H o Pk

1) T nelude b::una!aﬂ?« interraction,

Wil L my] = &° >

3:] In-\*tgrq-‘r& over ib-:?'-ﬂﬂa!&f‘?’ vValuwes

?_ = g U¢ E—Eh?k = Shai?f

= (o) Yk Yany,

L’) Q"'—“ﬂfﬁd“'&ﬂ. 1:-}' EL-J:Q--{:H“L%:h:-ﬂ

(_: == 2':"-2:«-\



Bulk Wﬂ?t{unn+-‘aﬂnl

« b lk altion -[:-nr‘ NsR Steing - (&' = ")

Sh--.”{ = IJJ'TTSJii (laxrﬁxh ot ¢r3¢#+ ;‘;,_; '.Fr'-)
® bnundnr? ﬂ-ﬂ'ﬂltl.'hilﬁ'"'ls (nNs -'l-tt_-‘.-hr‘)

XM = xH+ [ D (X‘: et + Xfﬁe."'“t)

L

S ] b
Vro = Frm = 2 (Yhe T+ i eT)
r-x

¢ Sulk Koc selution witih +t hese haum!nn, Conditions,

o o2
S'hui’l{ =’I'-i'_ i- “X-: )(:: i {i'ﬁa L)’:* .{/i

=l

— S g
lyhuiﬂ = e bl



B'ﬂ“ﬁlﬁlﬂ{‘?‘ fr\‘}‘g_rﬁ_ ctiown

e Devagnd spacetime gauge jnvacignee

SA% = D+ i, A2 ]

—_—

ST = = pPTFaPd 1477
and Wﬂf‘lﬂlikttt E-HFEF:-.';’MM{"EF}/

X5 = x» - eyr
D = 2Jde + & 2<x

- Cra.u.!,g_ 'Fft]ﬂnj‘ ﬂnJ. ‘tﬁtl\}fﬁﬁf ﬂﬂ"'ui‘q“}f F-ur..kn_jt;! as

 —

AT DX g7

Moo= (DT e

. L?P'tl.pﬂ g Ph":L\ EPJ_ET‘\‘FL_&L

A i(dtde Mix
e~ Swtr = yo P gl IRdO ML)

L Sudy lFli-fL\ i:‘i‘cif-f“"n_g.,

pﬂt\"\ cht‘cl:{“fna | s qwkwar\:ﬂi

Lr



€

Bﬁ“""‘-n I’.'-lﬁ.r‘f rﬁ-i‘m-g ns (Mﬁr‘ﬁ-uﬂ', S-naﬂatt;;. W;lttﬁﬁj
Harvey, Kutasey, Martinec:
Kutazov, Marine, Moore )

s Consvdec N = ’l.M_--l D909 Pairs.
o ..
M{X'} — i 'i_L];:_] MI:‘:-- Tw XI!'--IH.
L

L Sclim) X= rmatcices

s Introduce 2w hahﬂdﬁpr £Lrnigﬂ hﬁptr“-c.'tlds i
T =23 @FF, IT=lwawm

s(r*) = -\dzdogrror*
=> §{7*, 17} =25%7

* Se replace YT — '

Syndy = —{drde (-.E, FEpr® + Qb M= = ,-L__]—:..t)

- Mq-«.f{:fi- hauvge Syhmftﬁy | S
U )i Sotam)c W(a""")w utan)

r Ne f-'ﬁﬂ“"-'t'\ c:rﬁitrirx_j ﬂ.:tdﬂcﬁ?,



o E-z.ff‘isﬂrx‘taf?aﬂ of patvices v terms oFf
bﬂhnﬂlﬂf’:{ _Ftrﬁ;ﬂ'ﬂ_j‘ 'F-Lxﬁn.hjt_r r-w'l.t "‘F—ﬂf‘

v1ateix waw b F].‘Lq Fion,

M = (.-'4 3 = 2M11'~Ih T Tk
I,

e D
v . oy T - o > T
T u('rf = >

with, e.j. A= z bosenic for (2% = 41

‘Ff_fm:g.\f; -;uvl."‘ (=78 = = |

™M —_— ‘—ZMI-."'I-L rI\.__ I—T“__

- Muhiﬂl}r M, M kttp;hj r”' te the right

MHI = 2MII"I|{ .I.-I. = Ih ,‘-‘-THI '3. -_jkf

M i

— i {__' ‘)hh l HII - LT M":l. "jg-’ rI\ el Ilq_ -r-I‘i Ty

-

where ° N'T'-"EHF = 5 be 3enie for (=) =%l

= Lecrmionic Lor g ]...b -

. Tn teems of mateices:

Mk = (R BIE 5= (“u{_h“’*' Ag'+ () @D’
L] i e ]
= B £ 0 o' + (-)'cA' DO0'4 )*cg,

« Will be |Ll"“'lFﬂ1"+ﬂ-1+ ‘F-ﬂf" 51-&-!'::':13 Ceftrect 't-tu.h}rn—x
covariant deriveative.



E:E‘.

¢ Noew iategcate out ﬂ.uh‘f”fm*}f Lields BT {rrz"?T-hEF:’]

Seady = “SJFJE[{}”&I"F + 9 (H.~HJ')I'-‘I"7}I*-- e )

1K t

defined L)r en e lier

Rately mult. rule

M - DAL XE 45 (U), YY) 2. T ¥R
. —
;h—rq‘,h ;[H;ih*k{lﬂ-)hd*h?g)

S %
" Ma terms ANVE E. n,h; lf] 1 nnn-qhﬂ]fnq
-C-J-Elt.[' 5+rtn_3-t1-\ as UL” a5 th[ 45 Cerrecd

Nen-abelian tachyen cevariant derivative



EH’EH{E}CS

, Take iinj}ﬂ Dﬂﬁ Fﬁ;f‘ [mﬁ1)

. 5 3 =
Saady = —§dT(~§TITT {77 4 LOTT Y

* 5 (XFAn + % Fav ¥ WY)

i PR g
+ & (xm a7 s FL VYY) T)
(2, F=12)
* T charged with respect +o relative Jauge

Lield H:I

+ Tntecacting theery, se we can't wotk oyt
Fnr'l:t'-l':fnﬂ Lunction A closed form. Consider

gi:.cr_':n] CaSes

\ - =
) T* = censtant, Fov = ‘-—-‘-‘f-’*ﬂ:--iqni-j F,‘EI: o

e ‘tqf-«lf\';rnﬁ and Qamse -Fu't..lcff G!Ef:{}'-q ple .

= _ -2 TTT
S = F = l_rﬁ'i SJ /ﬁl“:‘tlﬂh"-’*' :'..TF,.-.-"}
(T iT?) 2ei)
s S S B B
SETTT /]'\

. V{T}T}"" 1'1'_‘1.1‘; =

i I

)
Coescds cevefl
this region



s e Y
AL o

I

3} Linear ‘[:&L"H}fﬂﬂ FP.I.“I-esj inlh

’ RL]L?GL-'L*’I‘ ‘i:n-l‘ a’-l!.ft'-f‘;lﬂfr--_j D~ branes os !.-:'!"Et:bnj‘

[Hl—x+a£='~{, Matine, Ha#ﬂ-)
» B-}a qut.t*l':imt a el Hange fetadions tak e
TI';LIIXIJ =
e Path integral 15 Gamssian andd }r.'r_lnls:
1o . Z
S= (2= ™17 I FUTyT)
'['1‘5_}5- =\ e o
YT = (uT)
=
Fix) = 1|}'1‘11“ r-[r;., (‘ V4 x /e ) — Lf#-k'- C(x)*
R zttq

L (.;-tn.-}*:a-nnr?r Fu:vfﬂ-F c'..nrresp‘an +o }"r:f.‘_'.!'mr‘ o |
a) ‘f"—'-‘{I-'-"j yizﬂJ T= ylx!

- descsibes kink = now- BOS D8~ brane (Sex)

& i e S
S= 2Ty {aox TV ROTYY |

— '1T\}-'£.Tﬂg- Schf %.T:.ﬂ.'ﬁp.f pg = 1']?-.,'-; Tﬂ? -

R oy e
-I”:] '}!"J-:"fi--:ﬂ.j_, _I_-}FH”*?YH

e clesccibes voctex -'_—3} P5 D7-brane (Sen)



Bﬂ\ C o uelh'r\:._f-

*Turn on constant C Lield and £ind ‘L"“-F“‘""_‘,’,‘-

5£—-ﬂ£—rn“tfnj

S-C-A IEL!':-.'TFF

’ Bm,k Wﬁﬂt-[:qn;_-l-;anaf LAY - B E’Ltﬁf.ﬂf_tﬂ -Fr.:-m

- o) - “[n
vﬂﬂ = Sn(—rih ELE % P }ﬂ. ;i"'# )

i."l'.l. ] ‘H“J
Ve

‘Fﬁrﬁ;ang Lq.r__.ahﬂ- '|-H4~Ej£l" hu#!“-&; ﬂinnt LI"‘"‘HF

||a|:¢.| Fecp ha‘:{'?_ ant_-puqc_-l'fﬂﬂst

RR oo o
Hoak = exp[-5TnX X5 ~iS ¥h W]

e o
- i - f]l,.i"-.,

i) .
4 2 L=1 CH-‘PF %ﬁ_+- %#f

p odd (p+1)!

"Want to compute

- = bl RR
Z¢ = (OX0ypme P A

. I
SuniTﬁ“ng(ﬁ*'*}I'*rI £ iiliu, LH"”PJI b{"'JI‘“"?:""‘)



¢ Focus on patticuleae T, . 5, Let all fields be

Ui AE—Pﬂ-nalt-'\'} ot XP--XP fictikFon unction "i":“"'*h‘”‘"w?

EER [ETF DX""D';P""{ } {:_a F-,lt/ﬂ 1{_,# 55;-“.1;»:]
— [ = e S ]
'S » belk Y
]l’:ﬂ DX"DY¥"Dm e
s Fics4 Loctor easy 1?‘ f-#mpu+ﬂcs’.
Str_an‘[ ie Witten fn;)tf :% NRongeiro mecdes q:.qnuf L'.-’ Sysy.

* Resteicting to Z2ero modes; S, x =© ]

M. = At T ,
e - ( T P A- E 1_,4' = Supelcennechen
[C?H.:”*E-F\)

—-(Jw xJA)E y d A

where, 2.9, dT = a,..,T "-H,'M
* Combina }iona n{:pﬂrfnj lemy et O ILE' 'Z.L-.rv;.,-|'!-q,f‘{ -:'.'-"r uA-

[ 1 *—. T T
M, — M,% = i(dA-iALA) = 1)r*=-(’F .
0T IF-TT
1Iﬂ+E5 I"':,+-|.'..-'.‘j v e Fti‘;nrj_;{, ""’II 5;"0"1".5

< 2 Wi FE (cenjectured
Zeg = Toy §CA Stre by Kennedy, Wilkins,

Stem=te (L2 M



yCan Now Compute RR cuquht &+ sslitens.

AAS Y'l = 55‘[_’1:--“} T = ratprices
a/;:|..-1.-'1-=‘| 5 (-l:.'-‘I . f') imm, o '_"l.
Y+ & ) Bf h (1 o
Tachyen 'F""#‘E‘-..F % P i 1
Y s ( = T) = WAL
-— O

. Nuﬂ"u"n.-.;al-.in_j 178 7] LFH.P};H'E \S

= s L2
3= gy S Cagmie 07 Stelamuridn )y "

—
—

ba-2m) § Cramnm

RR I"_n“f"l‘n-_-j foc oa= BPS D- brane

s T . : o -~ me
( {)stq}afthafJ. 1T=T, A™= A , omit "}1
R .
5 %gc—n Str -air »
_ (IF=-7" ©oT -
S ( or IF —T")J SteM = tr'{m!)m
& S.'-= Enggcaﬂ‘tFE?“{iF_Tt* 'D'r)

d I -t:-"”' [ FL] {:ﬂ h [E'.i r_-l.'
L W, "ﬁ L jﬂ‘ l.‘-nli’i . [y
'F"-\ ?( 4 4 ﬂu'l.'l'."u!‘II|| h‘ h_fdl'u"l‘ ﬁ;rim{ r'h-n.}



P-ﬂ- c_lxn.r_jt. S inﬂ!Eﬁ'

. Swt e 'Frﬂm F'c.'l:‘ln\ il‘.‘]‘L_jl"ﬁl} I Susy Q@M wit
Pt.i‘l:-ﬁ'q:.lr'l:._ hﬂhﬂdqr?’ {.ﬂ-‘-d‘.‘&#‘ﬂﬂ:.

2 = | e e e = guulie)

Pl % e

- Ffﬂ-ﬂl. EHJEH tl‘kﬂﬂt"ﬁﬂ 1:;? l.-..ll"l."‘l'llﬂ._j ::FIEJ"Q'I'::I'" 'L"""‘I-ﬂ.F Q
.f Wikten)
Alvarez - Gauni;

¢ e
s \Mse action: Feiedaa, w‘q“&ff

S= Gldrde oxrpixe

. Il-"I
~SaT ({4 T + 2 gk (M-me) H"'.':‘--"‘?I“)

- _'5..__._5T {:r‘n..,r-gar mation s
SXPh= g Y+
Syr = € xF

X e
a: (-)% T T g
E-..-II. = F_I‘: _{,_.‘.:—I—}l'T H. "J 1.__ ﬁIﬁ

k=1
E awx ||iary $eeld



L f__.:;.n::rn{.-:,;ﬂ[ q_mqﬂ-’l—:'iﬁtfnﬂ
Lx#, P-f] =15
Ly = ==ge

i'q'-f_, "13'3 — 2.5F9

o S*—x{-‘lft.-lw_arjt_ works owt +o be
Pioms DR, — G by i "oy B o
= ivre. A4
* Represeat commutation celetioas '57

Pﬁ—j-—fahj x};r__,;{a..,..} “']I-ib’I

— = TEFFE =7
7 ] ( T I;T_:a’“)

.K:r.pin_-j teack of Zero wmede nerm. . ingex theorem 15

nd (T )R () fsee™T

g ,pll'h-.,. h-'h-'c"u
s Fndex comnts 2ece eigenvalues we ighted by
2y
(_}F = [ = \ )

8 Rﬂ C_Ih,ﬂi"a{ U‘F T te‘l‘ﬂ"ﬂ..’g E-IL?'E""\ b':f jﬂde.}('-.



6

Can;lwsjc:ﬂ

‘Tl'xrcf. “wpproaches 4o Lms‘trht-}llﬂ-ﬂ DP-Lranes
ar Selitows

1') Level teuncation
* violates Bh.u'jt imvarianet

e Invelves {q-i:q'ﬁ;-l:'\: M Ler ﬂ'@ ‘FH"E]'{}S'

1._-?-' N < 5tﬂh£‘ti~/y

s Seliteons hqw:. Qawge 'Fl't!lpl 'n-.al-\.r":.L\ Me b5
tovemant denivatives +o 2ero (Fiarde g ).

3) RS FET
. 5.::'!'{,-#:1; have Vﬁﬂfﬁlﬂi.p:j Qany g 'Cr':!a‘!

'L:j vE. [11:", ‘-3:1'". NE{J tl"‘ﬁnsvparmq%l'nﬂ iﬂ\fﬂ'l,vl;r:j
'CH” E‘.-{-r:w.d -pl'tlo[,

) wvs. (3): Genecalizgation of Seibers- Witten
MqFj W\I&IE_,L‘\ Cew /™, 'Eqkf_ Eﬂ-lt‘-l.‘!'i'ﬂ'“’li_

with A =0 42 selutieas with AL70.



