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Motivation/introduction

The pair production, its enhancement and the physics behind

The D3/(D3, (F, D1)) system, a potentially testable rate

Summary
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QED Vacuum Fluctuations

An anti-charge moving forward in time equivalent to a charge
moving backward in time

@ positivecharge  © negative charge

virtual gosiffon
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QED Vacuum Fluctuations

Applying a constant E to QED vacuum, there is certain
probability to create real electron and positron pairs from the
vacuum fluctuations, called Schwinger pair production ( ).
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The current lab E-field limit: ~ 1019 V/m



D-branes in Type Il

The question is then: Does there exist an analogous process in
string theory?

The answer is simply yes!
In this talk, we will address three things:

@ the open string pair production in Type Il superstring theories
and its enhancement,

@ the relation between the present rate and the relevant rates in
QED,

@ and the potentially-testable rate.
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D-branes in Type Il

Open String
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The open string pair production

A simple setup for this is to consider two Dp branes in Type Il
string theory, placed parallel at a separation.
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The open string pair production

e Positive Charge @ Negative Charge

0
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@ Stringy computations show indeed a non-vanishing pair
production rate for this setup. However, this rate is usually
vanishing small for any realistic electric fields

@ This rate can be greatly enhanced if we add in addition a
magnetic flux in a particular manner on each Dp for p > 3

@ The largest rate occurs for p = 3, a (1 + 3)-dimensional world

like ours, if the same electric and magnetic fields are applied

So from now on, we just focus on the D3/D3-system
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The D3/D3 rate

For this purpose, consider the electric/magnetic tensor F' on
one D3 brane and the F2 on the other D3 brane, respectively, as

(2.1)

where f, denotes the dimensionless electric field (|f,] < 1) while g,
the dimensionless magnetic one (|g,| < o0) with a =1,2. Note
F,, = 21d'F,,. Note [o/] = =2, [F] =2 — [F] = 0.
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The D3/D3 rate

The pair production rate can be computed to be .
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In the above, the parameters v € [0,00) and v € [0,1) are

tanh g = M, tan ) = M (2.4)
1—fife L4102

Note v < 1, Zi(vo,1p) =1
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The D3/D3 rate

For any realistic applied electric and magnetic fields, |}‘a\ ~ |9al
~ 1072 < 1 with a = 1,2, giving vy < 1 & v} < 1 (Z1(vo, ) = 1).

We first consider the case }2 = g2 = 0 on the hidden D3 while on our
own D3, in terms of the lab. field £ and B via

}1 =2md’ el < 1, g1 =2md eB < 1, (2.5)
the pair production rate(2.2) for D3 brane is now

2(eB)(eB) [cosh 2B +1]° 12

wih = =, 2.6
(2m)? sinh % ¢ (26)

where we have introduced a mass scale

m(y) = Ty = DYE (2.7)

Keep in mind, we need to have a nearby hidden D3 brane for this rate!
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The D3/D3 rate

WO(B#£0) 17B [cosh 72 + 1]2

—_— = —— 2.8
WO(B=0) 4 E  sinh™Z (28)
which is larger than unity when B/E ~ O(1) and becomes
17B =
g% ¢F > 1, (2.9)

when B/E > 1.
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The D3/D3 rate

Let us try to understand (2.6) a bit more.

In the absence of both F and B, the mass spectrum for the open
string connecting the two D3 is

oM = —o/p? = 47r2 - + Ngr (R — sector), (2.10)
2 T Vns — 3 (NS —sector),

where p = (k,0) with k£ the momentum along the brane
worldvolume directions, Ng and Nyg are the standard number
operators in the R-sector and NS-sector, respectively, as

Ngr = i(a,n-an+nd,n-dn),
n=1
Nys = Za e O+ Z rd_, (2.11)

r=1/2
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The D3/D3 rate

The R-sector gives fermions with Ng > 0 while the NS-sector gives
bosons with Nyg > 1/2. The Ng = 0, Nxg = 1/2 give the usual
massless 4(8p + 8p) degrees of freedom (The 4D N = 4 U(2)
SYM) when y = 0.

Among these, 2(8r + 8g) become massive ones, all with mass
Try = y/(2ma’) due to unbroken SUSY, when y # 0. This just
reflects U(2) — U(1) x U(1) when y =0 — y # 0. The two
broken generators give 16 pairs of charged/anti-charged massive
DOF with respect to the brane observer (5 scalar pairs, 4 spinor
pairs and one vector pair).

The pair production rate (2.6) is obtained in the weak field limit
and all massive other than the lowest 16 charged/anti-charged
pairs of dof are dropped since Z; ~ 1.

In other words, only these 16 pairs of dof actually contribute to
this rate or the one for the N = 4 massive SYM.
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The D3/D3 rate

We now compare the open string pair production rate (2.6) with QED
charged scalar, spinor and W-boson pair production rate with the same FE
and B. The present rate is

2(ek)(eB) [cosh 2B +1]° .2

wl — B 2.12
(2m)? sinh %3 ‘ ( )

while for the QED massive charged scalar pair

(cE)(eB) . (7B\ _=i
Wscalar = WCSC}I f [ (2]_3)
for massive charged spinor pair
(eE)(eB) 7B\ _ i
Wspinor = W coth f e ek (214)

and for massive charged vector pair ,

(eE)(eB) 2cosh % +1 77%% (2.15)
e eE . )
2(27)2 sinh %5’
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The D3/D3 rate

Observations:

@ Identifying mg = my /3 = m1 = m and when B =0, we have

Wyector =  3Wicalar ’ Wspinor = 2Wscalar 3

W(l) = 16 Wscalar = 8 Wspinor
16 8(eE)? _am?
= ? erctor = ((271.))2 e (216)

@ While for large B/E (or B# 0, E ~ 0),

1) M 7M ~ (eE)(eB) "(mijeB)
144 (27’[’)2 € B ) chctor (27‘(‘)2 ,
eE)(eB) _rtrg+en ¢E)(eB) ™
Wicalar ~ ((2)75)2) ¢ 2 ) spinor ~ ((2)75)2) e B,

(2.17)
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The D3/D3 rate

The pre-factor for vector, spinor and the present rate is the same
as that for the scalar but the exponential suppressing factor is
different for different case. How to understand this?

Further if set mg = my/, = m1 = m, we have

Wocalar _ 258 g Wepinor _ =8 )
Weector Whector

FE B 7r(m27eB)
WO = Wheeror = (eE)(eB) _ntni-ct) (2.18)

(2m)?
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The D3/D3 rate

It is well-known that an electrically charged particle with mass mg
and spin S in a weak magnetic field B background has energy

Elgg)=(2N+1)eB— ggeB- S+ m§, (2.19)

with gg the gyromagnetic ratio (gs = 2) and N the Landau level.
So for the lowest Landau level (N = 0), we have the following
mass splittings

S 0 1/2 1
E(Q; L= m2 + 2eB E%l,—l) = m3 + 3eB
2 27 2 2 2 9
Ess.) | Efoo)=mi+eB gém) =mi +eB
E?%%>:m2% (1,1):m§feB

So for large B/E and from the scalar rate in (2.17), we have for
each spin polarization

eE)(eB) _"Fs.s.
W(S’Sz) ~ ((2)75)2)6 ek . (220)
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The D3/D3 rate

The above explains why only the lowest energy polarization
survives when B/E is large. For example,

Wao) — _2m8
W =5 0. 2.21
W (221)

For general B/E, we also expect to have,
W(l) =5 Wscalar +4 Wspinor + erctor; (2-22)

when all the modes with the same mass.

It is also very satisfied to have this since they are computed
completely differently, one in string theory and the other in QFT.
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The D3/D3 rate

Can the rate (2.12), rewritten below, be useful for actual detection
in practice?

(1) _ 2(eE)(eB) [cosh B +1]7 o2

w TeE 2.23
(2m)2 sinh %B ¢ ( )

The answer is simply no since we expect m > TeV, due to the
unbroken SUSY, for all the modes contributing to the above while
eE~ eB~1078m2 ~ 1072 TeV? .

eE < m?. (2.24)
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The D3/(D3, (F, D1)) rate

Now the previous hidden D3 is replaced by the so-called 1/2 BPS (D3,
(F, D1)) non-threshold bound state of D3 with a delocalized (F, D1)

non-threshold bound state ( ) in the following sense
0|1|2]3 01
(F,D1) | x | x =| F2 o
D3 X | X | x| X D3 | x | x| x

In other words, the delocalized (F, D1) along 23-directions can be
represented by the electric and magnetic fluxes as given earlier with now
the quantized fluxes

" p A q
f= \/ﬁ’ g2 = w (3-1)
P+

where the three integers n, p, ¢ stand for the number of D3 branes, the
quantized electric flux and the quantized magnetic flux, respectively,
without a common divisor.
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The D3/(D3, (F, D1)) rate

As discussed in , a typical generic case is to take
gs = 0.01,n= ¢=1,p = 10 which gives

~ D 1
f2:gs .

=0 k=1 (3.2)

With these and from (2.4), we have

- 1
tanhﬂl/()%fgﬁy():fz: 10 \/§<<1—>Z1(V0./U6)%1,
T
1
tanwu6%§2:1—>y6:1,
/ 5 2
0 27 x5 1. (3.3)
140} \/é

where we have set }1 = g1 = 0 for simplicity.
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The D3/(D3, (F, D1)) rate

The corresponding pair production rate can now read from (2.2) as

2

Y ud
wh = i 42 /2 ¢ Zmvga’ Tavg
o
2 1
eB  _rlPo-g5]
= 9 3 /e eE/
T3
eE’ _“"gff
= —e o (3.4)
213

where in the first equality we have Z; (v, /)) ~ 1, again due to
e2m/v0 = ¢=207°V2 1 and replace the cosh(714) /1) and
sinh(7v{ /o) factors each by % em™o/"  due to w1 /1

= 571'2/\@ ~ 35 > 1. In the second and third equalities, we set

foa = 2ma’eFE and define

mage(y) = m*(y) — 30 (3.5)

with m(y) = y/(2ma’). Note that in the above eE' = M?/(20mv/2).
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The D3/(D3, (F, D1)) rate

Given our understanding of charged particle or charged open string
moving in a magnetic field, it is clear, unlike the previous case,
that only the pair of charged/anti-charged vector polarizations
contributes to the rate (3.4).

The reason is simple that unlike the previous case, the underlying
system D3/(D3, (F, D1)) is intrinsically non-SUSY and the above
pair of vector polarizations is the lightest one among the lowest
stringy modes.
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The D3/(D3, (F, D1)) rate

In order to produce the pair detectable (similar to the discussion in
Schwinger case), the applied electric field E' needs to satisfy

CE = mgff. (36)

In comparison with the previous case, this is much easier to hold since
el = M?/(20m+/2), just about one order smaller than stringy one,
giving megr ~ 0.1M;. Concretely, we have (note My =1/va’)

M? 9 1
f_=m - 3.7
20mv3 )~ 5 (3.7)
giving
m()~1<1+1>M~037M (3.8)
y 2\/5 57‘[‘\/§ s . Sy .

which can be satisfied without much difficulty so long we tune the brane
separation to the right amount.

In other words, a sizable pair production rate can be reached in principle.
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@ We have discussed the open string pair production
enhancement in the presence of a properly applied magnetic
field and it is due to the lowering of energy of one particular
pair of charged/anti-charged massive vector polarizations in
such applied field,

@ The stringy computed pair production rate for the lowest
modes is found to agree completely with the relevant ones
computed in QED if the same physics is considered, lending
support to the consistency of string theory to the quantum
field theory in low energy limit.

@ A potentially testable open string pair production rate is
considered .
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