GENERALIZED Uncertmnty PrRinciPLE

AND l‘auf.n Hatr TEI!PE'RAT'uSF

o Guantum description "F apacetime shoull wmvelve vncerhl'nf;

Uncertminty PaincipLe f%"—'—‘-‘%e “» GQRAVITATIONAL SOPRCE(s)
INcLy of ERROR

e Three voads to GUP

@ STRING THEORY (vgm.;m ot al. 1986-’0)

= THEY STUPY VLTRA HIGH ENERGY SCATTERING OF STRINGS

« THEY FIND THAT THE LARGER MOMENTUM TRANSFER DpéES NoT
ALWAYS CoRRESPOND TO SHORTER DISTANCES

© INFACT s THERE =1 A ScATYERWNG ANGLE Bl svew rmar

i whés U<ty =b the relation between the
b impact parameter b and the
' mome ntum bmn:Fu ‘o> 15 the

c]lut'cil one (a la Htl'nsubtr&)
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This leads to a modi feation of the uncertainty relahon
(a4 the Planck scale)

AXNL +YaL ﬁP

ap
WHERE Y= mode| dependent conslont ; o= sfrt'na tension
CONSE QUENCE : THERE = A MINIMAL 0BSERVABLE LENGTH
OF THE ORDER oF THE STRING SIZ6 A

@ MACRO BLACK HOLE GEDANKEN EXPERIMENT (Magquore 1%3)

- MEASUREMENT of The RABWS R, oF Twe noRizow oF A b.h.
VIR THE PHOTONS OF THE HAWRING RADIATION EMITTED BY THE Hol

ER-RROJ APPECTING Twis MEA RE
- RESOLYING PowER oF THE MICROSCoPE Agm o ..‘\_,
(n: L Htﬁth!r, :llﬁil‘-‘l lnil,lf}) 4":"9

O * SCATTERING ANGLE

- VARIATION oF THe MASS (ve. snwg of ThE HOLE
DURING TME €russion PROCESS: M —«M-AM with ﬂn:.-.h_,
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= K CANNOT INGENERAL BE PREDICTED BY THIS MoDEL -~ MNDEPENDENT
ARGUMENT



@ MICRO BLACK HOLE G EPANKEN EXPERIMENT

= WE STVUDY How THE FORMATION of A MICRO BLACK MOLE AFPECTS
THE MEASVURE PROCESS (unm. ONLY HEISENBERG PRNCIPLE AND THE
NoTIeN OF GRAVITATIoNAL RADIS)

= TO PROBE A RECION OF SI12€ AX, wE SHOULD CONCENTRATE
IN THAT RE4GION AN ENERGY AF = he

2 Ax
= THE CRAVITATIONAL RADIVS ASSOCIATED wiTH THIS ENERCY 1S
R = 2 G AE
s C"

- USUALLY ﬁ_l; << AX N ALL PRACTICAL CASES
= TO (MPRove THE PRECISION AX, WE ShoULD INCREASE The ENERGY

BE, So TAT Rs 15 GoING To BECOME LARCER , unTi R = Ax
<~ AT THIS POINT A MICRO BLACK HolLE ORIGINATEs . THIS HAPPEN WAEN

~ B
RI = AX =) AE Ax ':/1 AX = (..._...qt)j:a P‘P
AK-M C,
ch

AND THE ASSOCIATED ENERGY IS &, ( €p by o hef2)

- To FURTHER PECREASE AX REQVIRES THE USE of A CREATER ENERE)
AND THIS ENLARCES FURTNER THE 5126 Rs OF ree McRowols

HIDING MORE DETAILS OF The REGIon BEVoND The EVENT MORIZ e/
OF The MicRoMoLE ¢ THE UN-O0BSERVABLE RECION WouLb
INCREASE INSTEAD of DECREASING |

¢« SoMHARI2ING -I—R_E_ Fof" A€ ":CP
Ax > { 2b6E
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which (N TERS of Ap agAbs (AE~ CAp)

= » Op
Axz &r+29 = )
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=) CLASSICAL HEICENBERL PRINCIPLE : HAWKING TEMPERATVRE o b.]

« THE INTRINSIC UNCERTAINTY (N THE PosITION of A PARTICLE Clos€
To A BLACK hous woRiZon iS ABouT ~ R (Schw. RAMwS)
< THE CORRESPONDING MOMENTUM UNCERTAINTY (S:

QP” T\ = t = ‘Rca (H?muf af Mie E L.}
Ax 2Rs 4GM

_ke?

4GM
~ WE AN IDENTIRY THIS ENERGY WITH THE CHARACTERIETIC ENERGY

OF THE €M(TTED rn.rw:, AND TREREFoRE WITH THE TEMPERATURE

&El——-N—KTEb T | —— ﬁ,t
4GM cGxkM

WHICH IS THE WAWKING TENPE RATVRE of THE Nelr,

NHICH N ENERQY READS AE ~cAp =

& GQUP: MobtFIED B.H. TEMPERATURE

- SoLVING () For Op :  Bp _ &% ( -
H 2?; 1 an bll )

- IDENTIFYING THE UNCERTAINTY Ax WITh THE SCHW. Radivs R

wEé GET
H?_
T = 2 (4728

WHICH ACREES WITH TWE STANDARD RESULT For M— o0,




NOTE TRAT 1qup Becomes un PesicaL for M< M,
THERFRORE THE B.H.MASS MUST 8€ M> M, | GROATER THAN ThE
PLANCK nAss,

* ASSUMING AN ENERGY LOSS DomMINATED BY PROTONS wWE MAY v3€ THE
STEPAN ~BOLTZNAN LAW TO ESTIMATE TRE MASS out PuT AND ThE
RADIATION AATE AS A FUNCTION OF TIME
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Te€ GUP s71oPs THE MaPoRATION WHEN M REACHES THE PLAWCK MA

PREDICTION OF LONG UFETIME REMNANTS =P CANDIDATE FoR n:u



