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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 pesitron
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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 pair production rate
W(l) — e eE ., (11)
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The required ¥ can be estimated: 2eF m% ~2me. - E = % ~ 10" V/m
The current lab DC E-field limit: ~ 10"V /an
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The open string pair production

The natural question to ask is if an analogous process exists in
string theory.

The answer is yes and in this talk we will focus on D-branes in
Type Il string theory.
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The open string pair production

The simplest setup for this is to consider two D3 branes, placed

parallel at a separation, with each brane carrying collinear electric
and magnetic fields.
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The open string pair production rate

The open string pair production rate can be computed as ( )
. 2(eE)(eB) [cosh T8 +1]° .2
WI()) D3 = E e eE | (12)
8/D3 T (2m)? sinh 75

where E and B are the lab electric and magnetic fields and we
have introduced a mass scale

Since o/eE ~ o/eB ~ 1078m?2/M?2 ~ 1072! <« 1, so only the
lowest open string/anti-open string modes,

(87 +88)+/(8r +8p)—or (8r +8p)-/(8r +8p)+,  (1.4)

each having the same mass m, contribute to the above rate.
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The open string pair production rate

In other words, the above rate is for the 16 pairs of charge
/anti-charge modes.

Since these modes all have the same mass m, due to unbroken
SUSY, we expect m > TeV. A detection of the pair production
requires either
eE ~m? > TeV?
if B/E ~ O(1)
or eB ~m? if B/E > 1 since now

2_.
(eE)(eB) - TmeoeB)

(1)
Wi /s ~ (212 (1.5)
This is impossible since the lab limits
eE ~eB ~107%m? ~ 1072 TeV? <« m? ~ TeVZ2. (1.6)

Jian-Xin Lu, PCFT/ICTS, USTC



A possibility of detection

For a potential detection, we need to have
@ a non-supersymmetric system of D-branes even in the absence
of worldvolume fluxes,

@ the corresponding mass scale is comparable to the current lab
electric field.

One such system is the D3/D1 ( ), which
has no SUSY and the D1 appears effectively as a stringy scale
magnetic such that it can gives a small effective mass scale.
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A possibility of detection

To compute the rate, we first need to compute the one-loop open
string annulus amplitude between the D3 and D1, placed parallel in
the following manner at a separation y,

011213
D1 | x | x
D3| x| x| x| X

with the D3 and D1 carrying their respective dimensionless

A~

worldvolume fluxes (F' = 2o/ F) as follows

0 f 0 0 )
- —f 0 0 0 - 0 f
Fy = f Fl = R 2.1
3 0 0 0 g ) 1 <_f/ )7 ( )
0 0 —§ 0

where | f|,|f'] < 1 and |§| < occ.
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A possibility of detection

The amplitude is

2V|f — f'| [ dt _ vt [cosh it — cos Togt]?
F371 — % —_— 2mwal [ H Z
8meqy o t sin gt sinh wqt

(2 2)

|1 — 2|z|>re~ ™0t cosh gt + |z]4ne =200t |4

(1 — 22041 — 2|2]27 cosh 27wyt + | 2|47][1 — 2| 2|27 cos 27Dt + |2]47]
(2.3)

with 2| = e™™ < 1. The electric parameter Iy and the magnetic

one 7 are related to their respective fluxes as

)

_
tanh g = f AfA‘, tan vy , (2.4)
1— ff 4]

where 7 € [0,00), 11 € [0,1/2].
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A possibility of detection

Note that the integrand of the amplitude (2.2) has a factor
sin wgt in its denominator, giving rise to an infinite number of
simple poles at t;, = k/vg with k =1,2,---.

This reflects the instability of the system via the open string pair
production and the decay rate is given as the residues of the
integrand at these simple poles times 7 per unit D1 worldvolume

(

2
oy [cosh % —(—)k

4|f f/| Z 6727‘.04/‘70
N sinh Tkv
o

82/

Zy (Do, 1),

(2.5)

4
[1 —2(—)¥|2x|*™ cosh % + |zk\4”}
, (2.6)

ot (1= |25 [20)8 [1 — 222" cosh 21 4 |zk|4”]

with |z;| = e~ ™F/70,
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A possibility of detection

The pair production rate is given by the £ =1 term above

( )

2
4 F_fr e [COSh % + 1:|
:Me T —— (2.7)

27alvg

8m2a/ sinh T4
7o

4
[1 + 2|21 [2" cosh T + |z1|4n}

. (28)
net (1— |21|2n)6 {1 — 2|zl|2n COShQIT_:% 4 |Z1‘4n:|
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A possibility of detection

We take the D3 as our own world and for simplicity set f’ =0.

In practice, f: 2nd’eE < 1 and § = 2nd’eB < 1, from (2.4),
we have

U =22eE <1, v ~1/2 Z—;>>1. (2.9)

So we have from (2.7)

2
(1) ek _mmeg
Whs/p1 & o0n ¢ (2.10)
where we have used Z; (7, v1) =~ 1 and defined an effective mass
m2g =m? — 1 /(20') with m = y/(2ra’).
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A possibility of detection

Make comparisons with the D3/D3 rate (1.2) and the QED rate
for massive charged vector ( ), assuming all with the
same mass m,

Y1

ek _ 7"(r"27 2a’)

1) = ——
Whpba/p1 = 97 € B )
W _ 2(eE)(eB) [cosh % + 1" —=m? £ (cE)(eB) _ntn? en)
bs/bs (2m)? sinh% (2m)? ’
= 5Ws<cla)tlar + 4Ws<;1)i)nor + W\(/;le():tom
E)(eB) 2cosh 2Z8 +1 2 Bs1 (eE)(eB) _x(m2—cB)
Wy = (EMeB)2eoshTp t1 —mgt £2) (B)ED) =iy
2(2m) sinh T2 (2m)

The present D3/D1 rate appears to give a unique stringy signature.
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A possibility of detection

Most importantly, unlike the rate for D3/D3 or QED rates, the
present rate gives a possibility for detection in the following sense:

The lowest string modes define an effective mass

mZs = m? — 1/(4a’) when we take § = 0. Concretely, if

m = 1/(2\/&), or y ~ /o, giving a small effective meg, we
need then only a small eF ~ mgﬁ to detect the pair production.

Further, with a small tunable § = 2mra’eB < 1, we can check the
rate behavior against £ and B and this can be used to check the
stringy computations.
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Implication

Implications: If such a detection, for example as an electric current
due to the pair production, is indeed possible,

@ it first implies the existence of extra dimensions.

@ secondly, it gives a new way to verify the underlying string
theory without the need to compactify 10 D to 4D so long the
pair production is concerned.
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