Uncovering the QPO mechanism with LOFT

Adam Ingram

ﬂﬁ Lucy Heil, Chris Done, Michiel van der Klis,
ANTON PANNEKOEK P Chris Fragile, Phil Uttley

First UK LOFT Science Meetl,ng

London, 2013 June24-j};f' -

L Wi . st WP Faciliticd Councnl‘ T




EoT Low freq uency QPOS

0.1

10-9

T T BT L .
0.1 1 10 100

ey (9 GRO 1655-40



o Low freq uency QPOS

T ) M T
<€ >
Cj - ]
1 W
ay @)
P =T
Q m
. L@ <
N
¥ | ol (%
% pe o
= D @
e QO —t -
= o =
(@] - C
o c—
3 3
C? Lol ] L 1 aanl 1 L 1
= 0.1 1 10 100

ey (9 GRO 1655-40



EoT Truncated disk model

Soft St_ate ntermediate States

i = ‘ Hard State’
et i _

EF, (keV em 57!)

N

1 RN N TR T T B
1 S 10

50 100
Energy (keV)

Done, Gierlinski & Kubota (2007)






== |runcated disk model

N S
=
o)
S
oc
S T
= )
S =~
O 3 O
c g ©
- o
| -
|—

(®)
'

0.1 1 10 100

ey (9 GRO 1655-40



Frame dragging

™

ASTRONOMICAL INSTITUTE
ANTON PANNEKOEK

g_‘p . -. —..
@oﬁunu 0084

LTI

www.relativitybook.com

Stella & Vietri (1998)

.
i

(1918)

irring

Lense & Th



™

ASTRONOMICAL INSTITUTE

Frame dragging

ANTON PANNEKOEK

e lt
NN
uadg

www.relativitybook.com

Stella & Vietri (1998)

.
’

(1918)

irring

Lense & Th



Frame dragging

™

ASTRONOMICAL INSTITUTE
ANTON PANNEKOEK

£
o
e
X
o
o
2
>
=
2
=
L
o
]
3
i
3

Stella & Vietri (1998)

.
’

(1918)

irring

Lense & Th



ﬂﬁ Frame dragging

m=1 HIFGM Mode
Frequency = 29 Hz

Growth Rate = -0.6 Hz
Q=48

Markovic”, Lamb, Duez, Engelhard, Fregeau & Huffenberger
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Fragile et al (2007)

Bardeen & Petterson (1975)
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Rise / Fall

1.02

0.98

Hard State
r,=60; /=60
r, = 52.9+3.3; i = 59.843.0

LOFT
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ﬂﬁ RXTE / Phase binning
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RXTE / Phase binning
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ﬂﬁ RXTE / Phase binning

4 phase bins: max, fall, min, rise
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ﬂﬁ RXTE / Phase binning

... 50 can phase bin but need LOTS of counts:
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ﬂﬁ RXTE / Phase binning

... 50 can phase bin but need LOTS of counts:
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Conclusions

It QPOs are due to precession, the iron line will
rock on the QPO frequency

LOFT will be able to detect this easily

This will provide a very good diagnostic for
inclination and disc inner edge

Phase binning the QPO is possible now

...but need verylong exposures



ﬂﬁ RXTE / Phase binning

Savitsky-Golay filter: calculate the n' derivative
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ﬂﬁ RXTE / Phase binning

Normalise each half-cycle of the 15t derivative to classify phase
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... 50 can phase bin but need LOTS of counts:
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ﬂﬁ RXTE / Phase binning

... 50 can phase bin but need LOTS of counts:
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... 50 can phase bin but need LOTS of counts:
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*2-20 keV light curve of
this model

*Apply a flux selection to
find the QPO peak and
trough

* The rising section will
have maximum blue shi

* The falling section will
have maximum red shift
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