Fine-tuning revisited: status and implications for SUS#&Isnod

Dumitru Ghilencea
CERN TH and NIPNE Bucharest.

Planck Conference - 29 May 2012, Warsaw.



[1]
Hierarchies of scales and ne-tuning:
why SM EW scake M; Mp, stable under quantum corrections.

v mz  f() 2 fif Mp: tune couplingl : 133(!).
Hierarchy Problemm ne tuning. What to do?

A physical paramete( ) is naturally v.small iffl ) = O increases the symmetry.

\Naturalness dogma": 't Hooft (1979)

Then:
) Scale/conformaymmetry. (see talks this conference...); Bardeen 1995

) SUSY:m2 mZln =ms, mg TeV... no SUSY seems TeV! backto SM ne-tuning

..... orignore thatt ma  f( ;) 2 Mpianck: : Scale of \new physics". _
5 1 v (23 10 12c3eV)4I
..... why worry~ worse ne t{,mlngs cosmological const: - 09Gev)

un- reIated’P
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Fine tuning and SUSY models:

V = mfjHqj%+ m%Lszz (Bo oHi Ha+ hic)+ 1=2jHaj*+ =2 jHoj*+ 3]"'?]2]"'2]2
+ ajH1 Haj®+ 572 (H1 Hp)®+ 6jHij?(H1 Ho)+ 7jHa*(H1 Ho)+ hic:

m® mifcos +mjsit  Bg osin2; UV:mi,=mg+ §

- cod +§Zsin4 + 32 5irP2 +sin2  4coé + sSir?

2 4
2 constraints: f; v®+ m* =0; f, 2 %_rﬁ mZ% =0;
Problem: scales vs. couplings \tension":
vi= m*=; v =0(100GeV) < 1, but myyBgandm O (1TeV).

....even worsen,<m z (tree level), need large quantum correciorlargem;.,; By:::

....also a problem of couplingss(mall). Solution ? increaseby 1.- quantum corrections
2.- new physics beyond MSSM
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What is the right measure of ne tuning ?

@nv?

@n 2’

max Max : = fmg, Mi=; o;A0;Bog; v=EW scale

Ellis, Enqvist, Nanopoulos, Zwirner (1986)
Barbieri, Giudice (1988)
- based on physical grounds/intuition. Mathematical support?

- small preferable (?); is this su cient? what is \small*? 20? 100~....

- many other de nitions for ) dierent results? .... see: Anderson, Castano, hep-ph/9409419

hx | 120
e 2, \quadrature

R
- local inf g space; to compare models, something global prefechldlantegral measure?
ne-tuning as "butter y e ect” in dynamical systems sensitive to b.c.! [chaos theory]
classicahon-linear evolution RG non-lineaguantumevolution. Edward N. Lorenz (1961)

IR

z [weather forecast models]: small changes in initial coiodis produce large changes in the nal state!
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Fine tuning from a Bayesian approach. p(ajb) p(b)=p(a\ b)=p(ha)p(a)

Bayes theorem: [initial belief+datd updated belief].
Thomas Bayes (1761), Laplace (1812)
Z
: L (datg :
p( jdatg = ( p(gat)a)p( ); p(datg = L(datg )p( )d; :fmo; Mi=; o; Ag; Bog:
(CMSSM)
- p(datg: \evidence". ModelM!1.,: p;(datg=p(datg
- EW constraintst1( ;v; ;YY) = fa( 5V; syuye) =0, ) v(;:)itan of o).
Z
p(datd = d p( )dy: dy, p(yr) p(ys) dv ditan ) (mz m3) (m¢ mg) (mp mp)
fa( visyeyn)  fa(5vi syoyn L(datg ; ;viy ey
Z : h e
L (datg ) 0 @$ Xl
datg = as ———= : = ;

D.G., H. M. Lee, M. Park, arXiv:1203:0569

) g 8 ( ne-tuning!) induced ip(datg by two theoretical constraints (EW min).
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Fine-tuning from a Bayesian approach.
) identi ed mathematical support for a ne tuning measure:
Z

o(datg =  dS —“d;?ta )
f 1,270 a( )

(v v (tan tan o)

(priorg; (f1) (f2)! it fad,, 1%, j,

) presence ofg independenf priors!
) to maximize global evidernxdatg):
small (not su cient!): max likelihood (datg ) simultaneously ( priors!)

) smaller , goodL(datg ) formy, 115GeV.... increasingy ? exp(ny) dominated. ?

) How does 4 ( 8) compare againstmax?
B.C. Allanach et al hep-ph/0601089, 0904.2548
J.A. Casas et al, M.E. Cabrera et al, 0812.0536
L. Roszkowski et al, C. Balazs et al, arXiv:1205.1568
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Numerical results: Models and boundary conditions: D.G., H. M. Lee, M. Park, arXiv:1203:0569

1) CMSSM (constrained MSSM) = fmg; o, M1=; Ag; Bog
2) NUHM1 (non universal Higgs Mass) = fmo; oMy, = MY Mi=; Ag; Bogd
3) NUHM2 (non universal Higgs Mass) = fmo; oy MY, MY Ma=2; Ao; Bog
4) NUGM (non universal gaugino masses) = fmo; o;mM 1,5 Ao Bod

Experimental Constraints:

- SUSY masses: micrOmegas 2.4.5,\MSSM/masslim.c"
- muon magnetic moment: a =255 2 8) 10%at2

-b! s 3:03< 10! Br(b! s )< 407at2
“B! * Br(Bs! * )< 108 10%at?2

- -parameter 0:0007/< < 00033at 2

- dark matter h?=0:1099 3 0:0062at 3

- CMS:mp = 125GeV 29 ), Atlas: m, = 126GeV @5 ), combined1225 M, 1275 GeV.
- a , Higgs masme, not imposed.

Tools: micrOMEGAs 2.4.5, SoftSUSY 3.2.4. Random)scag, max at 2-loop LL.
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Impact ofmp, a on 4 [2-loop, alf ; tan g all values] D.G., H. M. Lee, M. Park, arXiv:1203:0569
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Impact ofm,, a on . [2-loop, alf ; tan g all values].
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Impact ofmy,, dark matter on 4 [2-loop,f ; tan g all values]. p.c. H. M. Lee, M. Park, arxiv:1203:0569
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SUSY searches from ATLAS and impact on parameter space (CM8SM on

L0 [GeV]

S

700

600

500

400

300

200

MSUGRA/CMSSM: tanb = 10, A0= 0,0

l‘ T I T l'\|~-'\Lll\>l\l> I T I.I T I T l.l T I T ! T I l\‘l T I T
f ATLAS L™ =471 {s=7TeV ~ —— Observed CLg 95% CL
:Flrelilﬁingry_ -~ - Expected CL, '

\! *.‘“->~~~l§‘§,,“_“_“ Expected CL_ +1s
< \ \ s

T
N \ \ - :

3- and\vfl-jet analys%s

. | 1-lepton, L™ = 1.04 bt
,J,\‘ ‘\v ~
[ S I
\ \
“, \ v [ ] stauLse
- —\0.(1008 \

TR Il heoretically excluded

,IIlII!,}Ill’IIIIIIII/SIH,I.[:I

500 1000 1500 2000 2500 3000 3500

m, [GeV]

ATALS-CONF-2012-041

5x10°
4x10°

122.5 GeV < M, <127.5 GeV

3%10°

2x10°

10?

50

3x10°
50 102

2x10% 10°

m, (GeV)

CMSSM25 my
[all values for, tan ].

1275 GeV and  cost.
q> 500

D.G., Hyun Min Lee, Myeonghun Park (2012)



[11]

Stop vs Gluino with largest, and min 4. [f ; tan g all values)p.c., H. M. Lee, M. Park, arXiv:1203:0569
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) constraints omy, strongly reduce the viable regions.



[12]

Fine tuning beyond MSSM: NMSSM, GNMSSM, ...

Mh, [GeV]

NMSSM: W =Wy + SH{H, + S3
GNMSSM: W =Wy +( + S)HH,+M S?+ S°3
< 50 for my 130GeV:

G.G. Ross et al, arXiv:1205.1509
U. Ellwanger et al arXiv:1107.2472

Decoupling limit: MSSM with a massive gauge singlet:
) MSSM + d=5 operator:

W = W+ HH,+ SH{H,+M S?
) W = Wy+ HiHo+ o(HH2)% o =M
< 20 for my 130GeV:

S. Cassel, D.G., G.G. Ross, NPB 825(2010)

) massive gauge singletreduces ne tuning considerably.
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Fine tuning beyond MSSM: MSSM + d=6 operators

Z Z
O = _d* Z; (H'eMH)% (=12 Oz= d* Z3(HYe"Hy) (HYe2H))
Z Z
O, = d* Z4(HaH1) (HoHY); Ok= d* Zy (Hle%Hy)HH + hic; k=s)
O; = & Z;TrW, Wi (HoH,)+ hic;;
Wherer(S;Sy): jot j18+ j15y+ jzm%SSy; ik 1:|\/|2; S=mg

O1.2.3: generated by massive T, U(1,4: singlet, T. Osg: 2 D, singlet.

(2 0 0)2 ve v2 cot
2 >t — 2
my Mz my Mz

(26 370mimz (2 e+ 7)Mz +O 1=5(M?tan’ )

4ami § (2 so+ 60)

2= 2v® (30% 40 §  20m3

) jo (choice?)) increaseny, reduce ne-tuning by:
D.G. et al, NPB 848(2011), NPB 831(2010),
M. Carena et al, PRD 85(2012), PRD 81, 82(2010) almp)  exp( Mp=cey) o(Mh) ~yisan
F. Boudjema et al, PRD 85 (2012)
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Corrections tan,, from MSSM + d=6 operators p.G., I. Antoniadis, E. Dudas, P. Tziveloglu, NPB B848(2011

O1 O34
05 O6
mp= mZ+ mi = mn me 2-loopiLemssmw M =8 TeV. take: o 1=4

) topcurve: <200 mp<122GeV, mp<6GeV. 1GeV(my) $ 1TeV (M ).
) largestmy: Og, O.. ((128Gey) e © 4(128GeVussw = O(10)
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Final Remarks:

) Fine tuning: - found mathematical suppoﬁ) @nd
- new interpretation from Bayesian approach, due to EW/tlbabretnstraints.
) largeL= required, with 4 in \quadrature".

Numerical results: o of all EW datamy strongest constraint.

¢ max. Similar, large: 1000in CMSSM, NUHM1, NUHM2, NUGM foy ~ 125GeV.
expect= 4 worsen fom, > 115as 4 expMmp=GeV.
GNMSSM preferable?.

SN N N N

) Beyond MSSM: with d=5, d=6 operatoJs. increaseny, reduce byexp(m ,=GeV.
) best scenario: extra massive singlet, extra U(1).
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CMSSM - impact df  shifts of 3(M;), mp On S. Cassel, D.G., G.G. Ross (2010)

( 3;my) =(0:11821731). o P= & m§ A% BS mZ,
2 m2 dominant (EW vs. QCD)

) if 3 1 ,m+1 ) dashed line: reduceby a factor of 2 (same higgs mass)
) if 3+1 ,m¢ 1 ) dotted line: QCD does not like langg ( ne-tuning cost)

Similar impact if usingq. Also expected for NUHM1, NUHM2, NUGM.
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q VSmp and gluino mass ranga, : [f ; tan g all values] D.G., H. M. Lee, M. Park, arXiv:1203:0569

largest gluino mass lowest gluino mass.
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q VSmp and gluino mass ranga, : [f ; tan g all values] D.G., H. M. Lee, M. Park, arXiv:1203:0569

largest gluino mass lowest gluino mass.
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NUGM versus NUGM with GUT-like gaugino mass relation (NUGMd):

D.G., H. M. Lee, M. Park, arXiv:1203:0569

non-univ gaugino mass with a GUT relation:
m , =5=3mMo;m , = Mo, m , = (1=8)M

Horton, Ross, arXiv:0908.0857 [hep-ph]

NUGM better behaviour & considered, near 125 GeVnigt



