Simulation of New Physics at the LHC
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® Simulation programs
® Spin correlations in SUSY and UED models

® Black hole production and decay




LHC Event Simulation




HERWIG Event Generator

® Most important SM & MSSM processes at LO
= spin correlations included
= parton showers at leading log (LL)

= no showering from SUSY particles

® MC@NLO provides some SM processes at NLO
= see S Frixione & BWV, hep-ph/0506 182 & refs therein

® UED model put in ‘by hand’ at present

® Interface to CHARYBDIS black hole generator




Spin Correlations in SUSY & UED

® SUSY: new particles are superpartners
g" q,¢" g, 1V I, (nZ,..)! (0.1
= spins differ by one-half

® UED: new particles are KK excitations
q! g , ¢! ¢, 1V 1, vZ,..)" (yv.Z,..)
= spins are the same!

® Suppose masses have been measured:
how could we distinguish!?

=% need evidence on spins to be sure




Distinguishing Spins in Supersymmetric and Universal
Extra Dimension Models at the Large Hadron Collider”

Jennifer M. Smillie! and Bryan R. Webber?

Cavendish Laboratory, Uniwversity of Cambridge
Madingley Road, Cambridge CB3 OHE, U.K.

=) hep-ph/0507170

see also: A Barr, hep-ph/0405052; T Goto et al, hep-ph/0406317; G
Bhattacharya et al, hep-ph/050203|; M Battaglia et al, hep-ph/0502041




SUSY and UED decay chains

q lnear

* Two distinct helicity structures, with different spin correlations:

e Process 1: {q, 1" 1"} = {q 1,1} or {q,I I }or {a,lI5, 15} or {a,l5,15};

e Process 2: {q, 1" 1"} = {q 1,17} or {q, 1,1} or {a,l5,15} or {a,l5, 15}




UED and SUSY mass spectra

® UED models tend to have quasi-degenerate spectra
broken by boundary

terms and loops, with
low cutoff)

2 g | R |1
501 | 536 | H98 | 505 | 515

Table 1: UED masses in GeV, for
R™1 = 500GeV, AR = 20, m, =
120GeV, m: = 0 and vanishing
boundary terms at cut-off scale A.

® SUSY spectra typically more hierarchical
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Table 2: SUSY masses in GeV, for
SPS point 1a.

(high-scale universality)




Production cross sections (pb)

Masses | Moddl || Vo | Vg | Tg | fq

UED UED || 253 | 163 | 84 | 0.66

UED | SUSY || 28 | 18 | 9 | 0.65

SPSla| UED || 433 224 | 80 | 0.74

SPSla| SUSY || 55 | 26 | 11 | 0.70

* L ! sy fOr same masses (100 pb = 1/sec)
-} q‘/q° ~ 2 = charge asymmetry
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Angular variables

q lfar

jhear N i e

N7

1Y

=) 0' defined in %3/ Z' rest frame
=) 0,0 definedin i I rest frame




Invariant masses

[ ql”e‘"’; mql/(mql)max — sin(! */2)

@ nearjfar. mzz/(mll)max — sin(6/2)

o ¢l far. il (my))max = %{(1—y)(1—cos! *cosl )+

’ e ’ "2
+ (1! y)(cos® ! cosB)! 2 ysinBO sinBcoso

2

where x= m3. /m;

Y= mpmG., 7= mi*/m,2




Helicity dependence

® Process | (SUSY)

=) Both prefer high (gI' )"*“ invariant mass




gl """ mass distribution

UED masses
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* UED and SUSY not distinguishable for UED masses
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dP/dm
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» Correlation weak but slightly enhances UED-SUSY difference




Jet + lepton mass distribution

UED masses
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=) Not resolvable for UED masses, maybe for SUSY masses

» Charge asymmetry due to quark vs antiquark excess
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Charge Asymmetry
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Similar form, different magnitude
Not detectable for UED masses
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Dilepton mass distribution

—— = 4z + (2! y) (1! 2)mi;

@ y— mlz /m% and 2= mi./m;.
@ UED: y=0.92 z=0.95
@ SPS la: v=0.65 z=0.45

» Sensitivity greatest at small y and Z




Dilepton mass distribution (2)
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=) No sensitivity for these masses!




Dilepton mass distribution (3)

dP /dim
A\
I
-
\O
N

0.0 L1 |
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2 K
m = mu/(mu)m ax

y=ny./me. =0.65, z= m5/ i = 0.95" 0.05

* Independenof massesndspinsatii =1/ 2 (6 =r/2)
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Conclusions on spin correlations

® Distinguishing SUSY from UED at LHC will be difficult

= jet+lepton charge asymmetry similar in shape

= dilepton distribution clean but not sensitive

® If masses favour UED, spin confirmation very difficult
= little sensitivity to spins
= jets typically have low energy
= other methods may be better (Z;,...)

® If masses favour SUSY, spin sensitivity is better

= good prospect of excluding UED spins




Black Holes at LHC?

Black hole production '\

Measuring the Planck scale
Black hole decay

Event simulation & model uncertainties
Measuring black hole mass

Determining number of extra dimensions
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Exploring Higher Dimensional Black Holes at the
Large Hadron Collider

C.M. Harris , M.J. Palmer , M.A. Parker , P. Richardson?, A. Sabetfakhri and
B.R. Webber

T Cavendish Laboratory, University of Cambridge, Madingley Road, Cambridge,

CB3 OHE, UK.
! Institute for Particle Physics Phenomenology, University of Durham, DH1 3LE, UK.

hep-ph/0411022, JHEP05(2005)053; see also CM Harris,
PhD thesis, hep-ph/0502005; CM Harris et al (CHARYBDIS
event generator) hep-ph/0307035, JHEP08(2003)033

» earlier work: SB Giddings & S Thomas, hep-ph/0106219;
S Dimopoulos & G Landsberg, hep-ph/0106295
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Black hole production

Parton-level cross section:
ALA 2 2
6(§=M:)=Fmr:

I'sy = Schwarzschild radius in 4+n dimensions:

1
SR (M) 9 (25
P /™M \ Mpr n+ 2

I, = form factor of order unity (hoop conjecture)

Usually set Planck scale Mp = | TeV in this study
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BH cross section vs Planck mass
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Figure 12: The parton level cross section for 5 TeV black holes as a function of M py, for different
values of n. The form factors calculated in [26] are included.

[26] H. Yoshino and Y. Nambu, Black hole formation in the grazing collision of high-energy
particles, Phys. Rev. D67 (2003) 024009, [gr-qc/0209003].

= Little sensitivity to n
= Measuring 6 and Mg, gives My,

23




BH cross sections at LHC

Topology Total Cross Section (fb)

n =2 62, 000

5 TeV black hole | n=14 37,000
n==~6 34,000
n =2 580

8 TeV black hole | n =4 310
n==~6 270
n =2 6.7

10 TeV black hole | n =4 3.4
n==~6 2.9

=) Several 5 TeV BH per minute at LHC!
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Black hole decay (1)

® Balding phase

= loses hair’ and multipole moments,
mainly by gravitational radiation

® Spin-down phase
= loses angular momentum,
mainly by Hawking radiation
® Schwarzschild phase

= loses mass by Hawking radiation,
temperature increases

® Planck phase
= mass and/or temperature
reach Planck scale: remnant = ??

25




Black hole decay (2)

® We assume Schwarzschild phase is dominant

= all types of SM particles emitted with Hawking spectrum

dN "E?

— 1
dE = (eE/Tul 1)Tj°
= Hawking temperature
1
Ty ="
4TCI’BH

1

o (MBH)! —

= | is (4+n)-dimensional grey-body factor

26




LR [

Grey-body factors

AN scalar | spinor |
\ /// n=0 -
ol N // 7 _ \\ /
/ E n=6 ’/
/// n=1 ;3/: =4 o

‘= T — - T % n=21 ] i

\\ﬁ, . T~ )
2t e / ]

,/// n=0
1 vector | = Emission on brane only
ot e = Low-energy vector suppression
4 n=2 .
— = CM Harris, hep-ph/0502005
n=6 T
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Missing transverse energy

2 10 T T T T T I
S
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@ 3 __ SUSY (SUGRA point 5)
= 10°
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10
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Missing P+ (GeV)

= Typically larger f; than SM or even MSSM

28




Measuring black hole masses
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Need F+< 100 GeV for adequate resolution

= "M /M d4%
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Effect of energy cutoff E < M;,/2
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Energy distribution of primary emissions vs Mg,

=) Cutoff affects spectrum at low mass and/or high n
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Effects of time dependence
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=) Neglecting time variation of T
leads to over-estimate of n
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A possible observable sensitive to n
P(Emax> Mgn/2! 400GeV)
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(¢) Kinematic cut on (d) 4-body remnant decay

= Not highly sensitive to model assumptions
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Combined measurement of M, and n

n . 0 10%
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=2 "M, /M, dI5%, "n d0.75
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Conclusions on black holes at LHC

® large cross section if Planck mass ~ | TeV

o Clear signature, with large E-

® But BH mass measurement needs small F

e B

»
P

- decay not well understood: early
hases, time variation, spectrum cutoff,

anck-scale remnant ....

® Measuring n difficult but may be possible
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