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Motivation

A common theme in string theory is:

e Geometry leads to novel field theories

e Probe theories useful to study geometry
This set of questions is of intrinsic interest

Also relevant for stringy model building



F-theory

An example of this type is F-theory
Access to string theory with 7775 ~ O(1)
Specify (in part) via Weierstrass model:
y? = x° + f(zi)x + g(zi)

7-Branes where A = 4f2% +27¢% = 0



(zeometric Formulation

F/CY; = 4D N =1 SUSY

y? =x° + f(z)x + g(z)
>




7-Brane Gauge Theory

7-brane wrapping R”! = 8D SYM

Gauge gp dictated by F-theory Geometry

y? = 22 + 2° = Fg gauge gp.

Examples:
y? = 2° + 2 = Eg gauge gp.

7-brane at (z = 0)



N 7-Branes and Fenomenology

In model building applications, the details

of M’s strongly determine the phenomenology

/ 7. = ZQ
5H 1OM Zl — ZQ 5 ! 2
H
SUGB) R, - SU()
Zo =0 6
2 p—

= Need to know class of possible N’s



The Main Idea

However, 8D SYM has more to it

than just the F-theory geometry

Physical ambiguities in Weierstrass model

o 8D SYM
In this talk study using:

e probe D3-branes



Probing N 7-Branes I

Question: What does a D3-brane see”




Probing N 7-Branes 11

Details of 7-Brane N’s determine D3 probe theory

D3 probes of such MN’s can lead to:
e Additional info. on candidate 7-Brane N’s

e New non-Lagrangian A/ = 1 SCFTs

e Source of novel extra sectors



Model Building?

E-type N’s also of relevance for GUT models
Beasley JJH Vafa '08, Donagi Wijnholt '08, Hayashi et al. '08

D3-Branes = novel extra sector

1,\)@“06 Heterotic M-theory

“““ F- / Het Duality
< >

v e P M5
Es+ bundle



Roadmap

= Motivation

= N 7-Branes and T-Branes



Basic Picture

Tilting via breaking pattern G = — G X G :
1 s aﬂe 1 s aﬂe
Tilt 7-branes
(®(Z1, 22)) # 0
b ad(GJ_)
G

G(padrent



Katz Vafa '96

ﬂ 7_ B ranes Beasley JJH Vafa '08

Donagi Wijnholt '08

Local N’s of 7-Branes from 8D SYM on R31 x S

A1) = gauge field
Field content D
® 2,0y in adjoint of Gparent




Tilting 7-Branes

Position of 7-Branes dictated by ® € ad(Gg)

708 NS - ane

Tilt 7-branes
(®(Z1, Z2)) #0

(®(0,0)) nilpotent |

G(padrent



Breaking Patterns

In this talk focus on G| = SU(n)
Tilting specified by ®(Z1, Z2) an n X n matrix

Heuristically: Eigen(®) = 7-Brane Positions

Note: Eigen(®) has Z; dependence



Monodromy

Generically, Eigen(®) has branch cuts

e.g. “monodromy”

¢ 4 b1(217 ZQ)(I)n_l + -+ bn(Zla ZQ) =0

Example: &% — Z; =0



Model Building Example

Hayashi et al. '09; Cecotti Cordova JJH Vafa '10

Unfolding Eg — SU(5) x SU(2) x U(1)
<I>=#[ _21]@22 <I>=#[Z1 1]@22

AR

Zo =10

=- 2 Oor more hea,vy gens. = 1 heavy gen.



Unfolding Eg

Eigenvalues(®(Z1, Z5)) = 7-Brane “Positions”

Es — SUB)gur x SU(B)L @ € ad(SU(5) L)

bo®> + bo(Z1, Zo)®3 + - - + bs(Z1, Z2) = 0

Hayashi et al. '09
Donagi Wijnholt '09

y? = x° + bpz° + baxz® + bsyz? + byx?z + by

valid in a local patch



Specifying The Holomorphic Data

?/2 — 373 + bOZ5 + b23723 + b3y22 -+ b4.fl?22 -+ b5ajy

Just specifying b; does not fix physical theory

® is a matrix, b; just five invariants



Ambiguity?

y2 — 373 + bOZ5 + bQSUZg + b3y22 -+ b4.fl?22 -+ b5ajy

1.0i® = 0 versus @ nilpotent???



Cecotti, Cordova, JJH, Vafa '10

T_Branes see also Katz Donagi Sharpe '03

T-Branes: ® which is nilpotent at some (41, Z5)

e.g. looks “upper triangular”

Constant part of & can be put in Jordan form:

A1 0 0 AW 1 0 0 T
0 o o 0 0 o o O
(0) —
¢ 0 0 .. 1 |99 0 0o .. 1
0 0 0 AP | 0 0 0 MY

Qa

In a T-brane, )\gk) = (



Roadmap

= N 7-Branes and T-Branes

\

= Probing T-Branes with D3-Branes



D3-Brane Probe

D3 probe of N E-type 7-Branes leads to

Strongly coupled N = 1 theory

Can view as N =2 — N =1 deformation

Plan for remainder of talk:

e Review N = 2 case

e Study N = 1 deformations



Warmup: N = 2 Probes

D3-brane probing parallel stack of 7-branes
Banks Douglas Seiberg '96,
Douglas Lowe Schwarz '96, ...

7-brane gauge group = Gaavor

‘ zZl 3 — 3 strings: Z; and Z
Z

3 — 7 string composite operators Oadj

(analogue at weak coupling: O ~ QQV)



N = 2 Moduli Space

Coulomb Branch:

O
102 7,
[
A4
o
D3

Move D3-brane off of 7-brane
(Z) #0

Higgs Branch:

Operators O
adj. of Gaavor

Dissolve D3-brane as flux

(0) #0



N =2 SCFTs

Specific F-th singularities = constant 7
Sen '96, Banks Douglas Seiberg '96, Dasgupta Mukhi '96,...

D3-probe = strongly coupled N' =2 SCFT

Ho| Hi | Ho | Dy | Eg | B7 | Es

A(Z) 2|13 |4 |6

Sy
Qo
DO

“Argyres-Douglas” “Minahan-Nemeschansky”



Example: SO(8) probe

g

D3 probe of SO(8) 7-Brane:

S0®)

Field Content: SU(2) SYM @y @ 4 x (Q; ® Q;)
Winr=2 = ZZjll Qi p- éz

Coul branch: z = (Try?) Higgs branch: (QQ’)



N = 2 Curve for SO(8) probe

y? = a° + 2% + AS

Sen '96, Banks Douglas Seiberg '96

Seiberg-Witten Curve = F-theory Geometry!

Very usetul, curve encodes:

— Tu(1) = TIIB

BPS masses

— Scaling dim"s



N =2 E. Probes
Minahan-Nemeschansky: Introduce N' =2 SCFT

Minahan Nemeschansky '96

Eg:y? =23+ 2°
Seiberg-Witten Curves:  Er:y” =2’ + x2°
Eg:y? =23 + 2*

N =2 D3-probe = MNp—s @ (21 ® Z5)

o7 ~ (O(1) on Coulomb Branch

Some properties: B




N = 2 Deformations

Deformations: 0L = fd29 Trg (® - Oaqj) + h.c.

® constant and [®, dT| = 0

Moves

7-branes:




Probing an E-point

N =2 SCFT N =1 Deform”™

1=

Tilt 7-branes

“Lps (®(Z1,22)) #0
(®(0,0)) nilpotent

SU(5)



N=2-N=1

oL = fd26’ TI‘En (@(Zl, ZQ) . Oadj) + h.c.

JJH Vafa '10 (see also Aharony Kachru Silverstein '96)

T-Brane = [®, ®T] # 0

In T-brane ®(9 = sum of nilp. Jordan Blocks

®(0) = 0: Flows back to A = 2 theory

Follows from Green et al. '10

®(0) =£ 0: Can flow to new AN =1 SCFTs

JJH Tachikawa Vafa Wecht '10



Nilpotent Deformations

Recall: T-Brane has ®(Z; = 0) nilpotent

Even ® constant and nilpotent is interesting

y? = x° + bgz° + baxwz® + byyz? + byx?z + bsay
b; = Casimirs of & = F-th geometry stays put:
y? = 2% + byz°

But: Probe theory changes! oW =Trg, (®: Oaq;) #0



IR R-Symmetry

If a CFT, we can determine some details of IR
By computing IR R-symmetry:

R[R — RUV -+ Zt[R

1
© (1) flavor symmetries

Maximize over a(t;) = +5[3TrR3, — TrRR]
Intriligator Wecht '03

Note: Just need anomalies



Example: SO(8) probe

JJH Tachikawa Vafa Wecht '10

r@-0)=[@ Q]| "]
! 1| w2

Arr(Z) ~ 1.5 (Determine via a-maximization)



Non-Lagrangian Case

N=2—->N=1viadW =Trg (®-0)

Even though non-Lagrangian in UV and IR

e We know the flavor symmetries

(assume no accidental U(1)’s)

e We know anomalies in NV = 2 UV theory

= We can still ix R;p

JJH, Tachikawa, Vafa, Wecht '10



UVv Symmetries

U(1)N=2 x SU(2)g:
o Jy—o = Rf(}f;Q — 213

Rotations of Z;: e J; (neglect in nilp. case)

Cartan of F,,: o J = @jdiag(ja ey —J)

j = ”’T_l for n x n nilp. block of ®



IR R-Symmetry

R(t) = Ruv + (5 — 3)JIn=2 — tJ + a1 (t).J1 +_;712(t)J2

*
* *
0‘ ‘0

set by details of (71, Z5)
a(t) = 55 (3R(t)° — R(t))
e R(t)? = sum of UV cubic anomalies

e R(t) = sum of UV linear anomalies



Anomaly Matching

Even though non-Lagrangian in UV

We know anomalies of N/ = 2 theory

Ganor et al. '97, Argyres Seiberg '07, Aharony Tachikawa '07, Argyres Wittig '08

aQuy — %[STTR%]V — T’I“RUv] — %AUV(Z) — %

cov = 55|97 R}, — 5TrRyv] = Ay (Z) — 2

kuy = —#[TrRyy JH'v JIev] = 2Ayy (Z)

= Enough to determine Rjyp 3 Tachikawa,
Vafa, Wecht '10



Nilpotent Families

0 mgz 0 0
g = | 0V O e sum) c sU©9) ¢ E
0 0 0 m-—
0 0 0 0
N =2 SCET N =1 SCFT

Eq:a =396
f ‘ \§n22:a\:3.42

n=3:a=2.069

Consistent
Flow Picture

(a decreases)

E7:a,=2.46<§/ \

n=4:a=2.09

n=9y:a

= 1.66




Coarse-Grained T-Branes
Making ® depend on Z; = field dep. mass terms

Most Details wash out in IR
Es N =2 SCFT

- f17(Z) my3 0 0 |
ouv — | falZ) [fa(Z) .. 0
coe oo oo mnm ‘,ecg:' ‘_:%
Cf3Z) . fal(Z) o i
QS f &
0 mgz O 0 ]
0 0o .. 0 S
C L
| Zy BZy 0 0o N =1SCFT

same IR fixed point



Roadmap

= Probing T-Branes with D3-Branes

= Future Directions / Conclusions



Model Building?
View N 7-Branes as Standard Model sector

D3-Branes = novel extra sector

Heterotic M-theory

F- / Het Duality
< >

Es+ bundle



Visible Sector Couplings

4 CF'T states charged under SM gauge group

= CFT must be broken at scale Mgpr™> Myeak
Coupling to matter: f d?0 U 50O p-

Also couples to gauge fields

irrat! # of “particles”

~ two to six 5 P 5’s




Applications?

Phenomenology looks quite rich (and unexplored)

Jouet
As an inflaton? 1
OEn
SHS8Y? Dark Matter? )
................... e D3
Collider Signatures?
2 SU(5)

N

In Progress: JJH Rey; JJH Vafa Wecht



Conclusions

» T-Branes: Generalization of N 7-Branes

= D3-probes of T-branes = novel N' =1 SCFT's

* Broad class of N =2 — N =1 deformations

= ;Model building with D3-branes?



