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0+1 DO Brane QM / BFSS Matrix Model

Banks Fischler Shenker Susskind hep-th/9610043
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- matrices
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- Obvious nonperturbative definition (discretized quantum mechanics)
- Defined for all N and gyw
- Manifestly unitary
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- Manifestly unitary ,
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- 10D SUGRA at low temperature
- Dimensionful coupling, easy scale setting!

_ Low T = strong coupling 1A is In here too!




0+1 DO Brane QM / BFSS Matrix Model

Banks Fischler Shenker Susskind hep-th/9610043
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=0 - —i[Ay, ] 4™ left-handed part of 9+1D ys

+$ matrices

16 fermionic AN

- Obvious nonperturbative definition (discretized quantum mechanics)
- Defined for all N and gyw

- Manifestly unitary Quote everything in terms of
. ) S
- 10D SUGRA at low temperature dimensiontful COUp|Iﬂg A gvm N

- Dimensionful coupling, easy scale setting! €g. TS actually A-1/8T
- Low T = strong coupling



SFSS Cartoon

Witten hep-th/9510135
1

L= Tr{<DtXM> + 0 Diyayt? + 0% vab1Xar, 07 + [Xar, Xar )’

29y v

N/
XM N
|

One big bunch ~ black 0-brane ~ BH Cou

oll

\

/

nates

Ngs



SFSS Cartoon
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At large N BFSS is a 2nd quantized theory!
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Monte Carlo Study of Metastable State”?

DOF ~ N2

2
trecurrence ~ €N

T~e*N

DOF ~ (N-1)2
+ # log(V)




Possible Observables

Almost certainly an incomplete list!

Fast Scrambling

arXiv:1512.00019 Gur-Ari, Hanada, Shenker  tscramble ~ log N

SUGRA 0707.4454 Anagnostopoulos et al.
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Test: BH Internal Energy
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Test: BH Internal Energy
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Thermalization Cut
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Statistical Stability
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—nsembles

T N L action  Negg E/N? |P| R? F?
04 24 16  improved 15935 0.8274£0.005 0.72770+0.00035 3.2504:£0.0015 14.530-£0.002
24 improved 2321 0.719+0.031 0.72888+0.00129 3.345940.0039 15.627+0.011
32  improved 6625 0.65740.027 0.72721+0.00116 3.4110+0.0020 16.31940.008
32 8  improved 3057 0.903+0.009 0.74150£0.00348 4.878940.0967 13.84640.006
12 improved 2491 0.907+0.010 0.7275440.00089 3.1663+0.0024 13.651+0.005
16 improved 8242 0.83540.007 0.7273240.00054 3.2387+0.0012 14.518+0.003
24  improved 1331 0.6924+0.052 0.72919+0.00453 3.3414+0.0025 15.635+0.012
32 improved 1888 0.629+0.029 0.72849+0.00142 3.4016+0.0018 16.31140.008
05 16 8  improved 21101 1.229+0.004 0.78847+0.00031 3.1104:£0.0026 13.068-0.003
12 improved 17201 1.140£0.007 0.79566+0.00032 3.2304+0.0014 14.374+0.003
16 improved 17933 1.081£0.009 0.79599+0.00035 3.3086+0.0012 15.207+0.004
32 improved 15101 0.907+0.020 0.79689-£0.00049 3.474740.0017 16.89740.006
24 8  improved 20951 1.243+0.004 0.78964:0.00028 3.077620.0007 13.03840.002
16 improved 19765 1.092+0.006 0.7971840.00020 3.2883+0.0005 15.19440.002
24  improved 14957 0.9794+0.010 0.79741+0.00029 3.3898-£0.0006 16.240-+0.003
32 improved 10469 0.941+0.024 0.79727+0.00051 3.445740.0012 16.85140.007
32 8  improved 16253 1.248+0.003 0.78995+0.00020 3.071240.0006 13.03240.002
12 improved 3569 1.15540.010 0.79600£0.00049 3.2012+0.0010 14.357+0.004
16 improved 7885 1.093£0.009 0.79730£0.00034 3.2830+0.0007 15.196+0.003
24 improved 2873 0.946+0.047 0.79852+0.00123 3.381540.0032 16.223+0.012
32 improved 5469 0.955+0.023 0.79833+0.00044 3.43862-0.0011 16.84140.006
06 16 8  improved 27221 1.560+0.005 0.83423+0.00018 3.141040.0006 13.728+0.002
12 improved 19051 1.475+0.007 0.8407740.00021 3.2708+0.0008 15.001+0.003
16  improved 18141 1.432+0.010 0.8415640.00023 3.3477+0.0010 15.79040.004
24  improved 8977 1.3394+0.021 0.84184+0.00034 3.4410+0.0020 16.754-:0.008
T N L action N, E/N? |P]| R? F?
0.6 16 32  improved 18677 1.267+0.021 0.84181+0.00028 3.4951+0.0014 17.327+0.006
24 8  improved 23971 1.56940.004 0.83474+0.00017 3.129040.0005 13.731+0.002
12 improved 19171 1.4814+0.007 0.84083+0.00018 3.2602+0.0007 15.01240.003
16 improved 19961 1.429+0.008 0.84205+0.00018 3.3349+0.0006 15.79040.003
24  improved 25249 1.346+0.009 0.84176+0.00015 3.4262+0.0006 16.753+0.003
32 improved 12577 1.276+0.025 0.84212+0.00030 3.4780+0.0012 17.309+0.007
32 8  improved 19017 1.57540.005 0.83539+0.00024 3.124840.0007 13.731:£0.003
16 improved 10071 1.44240.009 0.84182+0.00022 3.33064-0.0006 15.787-0.004
0.7 16 8  improved 30641 1.959+0.005 0.86564+0.00013 3.1941+0.0006 14.377-0.003
12 improved 20051 1.885+0.008 0.870960.00014 3.3145+0.0008 15.57940.004
16 improved 20187 1.843+0.011 0.87181+0.00015 3.3891+0.0009 16.3330.005
24  improved 10605 1.76340.022 0.87126+0.00024 3.470240.0018 17.214-0.009
32 unimproved 21633 2.344+0.031 0.86981+0.00017 3.5681£0.0015 18.615+0.007
improved 19921 1.672+0.023 0.87191£0.00021 3.5193+0.0014 17.73940.007
24 8  improved 20701 1.96840.005 0.86574+0.00014 3.185440.0005 14.385+0.003
12 improved 19997 1.89340.008 0.87095+0.00013 3.308840.0007 15.601-£0.004
16  improved 21451 1.84940.007 0.87203+0.00012 3.378940.0006 16.338-:0.004
24  improved 28925 1.755+0.011 0.87126+0.00012 3.4634+0.0007 17.23740.004
32 improved 16135 1.68240.025 0.87186+0.00019 3.506940.0012 17.726-0.008
32 8  improved 18989 1.966+0.006 0.86612+0.00017 3.183740.0007 14.394:0.004
16 improved 10849 1.850+0.010 0.87187-+0.00015 3.3771+0.0008 16.34140.004
0.8 16 8 unimproved 19281 3.674+0.009 0.89048+0.00013 3.5758+0.0028 17.845+0.008
improved 19171 2.400+£0.008 0.8879040.00012 3.2468£0.0007 14.99440.004
12 improved 22001 2.356+0.009 0.89220+0.00011 3.3601+0.0008 16.13840.005
16 unimproved 24081 3.283+0.016 0.89113+0.00011 3.5305+0.0011 18.30540.006
improved 21421 2.309+0.012 0.89318+0.00011 3.4295+0.0010 16.856+0.005
24 unimproved 21591 3.000£0.025 0.89069+0.00012 3.5588+0.0012 18.663+0.007
improved 17521 2.214+0.019 0.89292+0.00014 3.5070+0.0013 17.687+0.008
32 unimproved 14157 2.710+0.044 0.89119+0.00017 3.5803+0.0016 18.88040.010

N L action N E/N? |P| R? F?
08 16 32 improved 20187 2.1074+0.024 0.89261+0.00015 3.5452+0.0014 18.131+0.009
24 8 improved 22151 2.4174+0.006 0.88779+0.00011 3.2416+0.0006 15.010+0.003
12 improved 18175 2.3464+0.009 0.89207+0.00011 3.3553+0.0008 16.155+0.005
16 improved 20721 2.303+0.010 0.89317+0.00009 3.4232+0.0007 16.868+0.004
24 improved 9153 2.21640.020 0.89239+0.00015 3.4968+0.0012 17.681+0.008
32 improved 13867 2.17640.028 0.89287+0.00015 3.5366+0.0015 18.134+0.009
32 8 improved 19213 2.42440.007 0.88809+0.00014 3.2394+0.0008 15.012+0.004
16 improved 13495 2.3404+0.017 0.89302+0.00018 3.4216+0.0014 16.869+0.008
0.9 16 8 wunimproved 20411 4.2214+0.010 0.9051940.00009 3.5113+0.0012 17.926+0.005
improved 20401 2.89540.009 0.90433+0.00009 3.3002+0.0008 15.599+0.004
12 improved 20501 2.863+0.011 0.90783+0.00009 3.4048+0.0009 16.679+0.005
16 unimproved 37701 3.710+0.014 0.90689+0.00007 3.547540.0007 18.63540.005
improved 21461 2.7964+0.014 0.90856+0.00009 3.47174+0.0010 17.377+0.006
24 unimproved 21851 3.45040.028 0.90639+0.00010 3.5807+0.0013 19.001+0.008
improved 17955 2.71640.021 0.90826+0.00011 3.5400+0.0014 18.139+0.009
32 unimproved 12221 3.2434+0.049 0.9072040.00013 3.6037+0.0019 19.209+0.012
improved 14601 2.6731+0.031 0.90849+0.00013 3.5750+0.0017 18.545+0.011
24 8 improved 24331 2.9314+0.006 0.90413+0.00008 3.2958+0.0006 15.613+0.004
12 improved 17557 2.8724+0.010 0.90785+0.00009 3.4025+0.0009 16.707+0.006
16 improved 24441 2.8224+0.010 0.90861+0.00007 3.4658+0.0007 17.384+0.005
24 improved 8917 2.7614+0.023 0.90774+0.00013 3.5349+0.0014 18.156+0.009
32 improved 16709 2.7194+0.028 0.90824+0.00010 3.5663+0.0014 18.538+0.009
32 8 improved 18695 2.9314+0.008 0.90441+0.00011 3.2948+0.0009 15.620+0.005
16 improved 12061 2.8354+0.019 0.90836+0.00016 3.4643+0.0016 17.388+0.009
1.0 16 8 wunimproved 21291 4.7194+0.011 0.917054+0.00007 3.5139+0.0010 18.245+0.006
improved 20641 3.4391+0.010 0.91672+0.00008 3.3515+0.0009 16.185+0.005
12 improved 20751 3.3974+0.012 0.91968+0.00008 3.4485+0.0010 17.217+0.006
unimproved 25379 4.185+0.019 0.91907+0.00007 3.576940.0010 19.03440.007
16 improved 21641 3.3784+0.015 0.92033+0.00008 3.5115+0.0011 17.876+0.007

T N L action  Neg E/N? |P| R? F?
1.0 16 24 unimproved 23391 3.937+0.030 0.91855+0.00008 3.6099+0.0013 19.376+0.009
improved 17469 3.290+0.024 0.9197940.00009 3.5755+0.0017 18.600+0.011
32 unimproved 13503 3.690+0.054 0.918951+0.00012 3.6323+0.0019 19.582+0.013
improved 15555 3.185+0.034 0.9198510.00011 3.6068+0.0018 18.971+0.013
48 unimproved 12026 3.5344+0.092 0.92064+0.00014 3.6592+0.0028 19.810+0.021
improved 5772 3.154+0.094 0.921014+0.00025 3.6431+0.0042 19.401+0.027
64 unimproved 15024 3.505+0.112 0.9205140.00015 3.6808+0.0029 19.999+0.020
improved 7280 3.210+0.105 0.9207040.00021 3.6752+0.0042 19.715+0.030
24 8 improved 22605 3.467+0.007 0.916631+0.00007 3.3490+0.0007 16.208+0.004
12 improved 19817 3.413£0.011 0.9195640.00007 3.4478+0.0009 17.251+0.006
16 improved 20655 3.363+0.013 0.9204110.00007 3.5084+0.0009 17.901+0.006
24 improved 21725 3.283+0.019 0.9196440.00008 3.5705+0.0011 18.609+0.008
32 improved 19383 3.268+0.028 0.91997+0.00009 3.5993+0.0014 18.96440.010
32 8 improved 17881 3.469+0.008 0.9168440.00009 3.3482+0.0009 16.216+0.006
16 improved 14915 3.386+0.019 0.9201840.00011 3.5078+0.0013 17.902+0.009




Derivative Improvement
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Fixed-/N Continuum Extrapolation
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Fixed-/N Continuum Extrapolation
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Simultaneous Continuum + Large-N Extrapolation
MCSMC 1606.04948 1606.04951
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Simultaneous Continuum + Large-/N Extrapolation
MCSMC 1606.04948 1606.04951
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Summary

Ccammons o (e

- 0+1D BFSS reproduces known 10D SUGRA result

- Nontrivial checks of gauge / gravity duality

- Predictions about (quantum!) stringy corrections.
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