VACOOM STABILITY
AND TUE HIGGS BOSON

oHuylcgo) : JIR.ESPLNDSA
nilciE Loxtice f‘f‘s n IcREﬂ,ﬁFPﬁ
e — Ausus’c, 27°, Maunz Barcelona.

tlnstrtucm Catalana de Recerca i Estudis Avancats




VACOOM STABILTY
AND TUE HIGGS BOSON

* Status o..F‘ter F.rst LHC voun

l

IcGS discovered  no Trace o> BSM..

K Mph~ 125GV 2 Ew Vocuvom unstable

* Se_\/ex'a.l Lux?l.(.cn:‘(,&ous 'DP s Lv.s"\'abi.’i,'\‘j

* lattice a.na.ljses ?

* C.:v\c_‘usic'\.,s .



Rerocrences

EARLY WORK ON VACWLLM INSTRRILTY
T.Krive ,A.Linde G
N. Krasadeov 3%
L. Malans, &, Boxisl, R.Fetcourio 'y § +N.Cabibbo A9
H. Politaec, 3. Wolfras '3Q

P i-luo\s' 19

A.Linde ‘go
M.Lendnex 'PL 4+ M.Shex; H.2aganer "B]

+°°° M\‘, Movre.



Rererences

RECCNT PREASION STUDLESDS
0o -

M. Holthavsen | K.3. Lira, M Lindner [gh/inz. 245}

3.Ellas- MirS ,JRE, G.F.Gudite, G Isidori, . Ristho, A. Steomial
[ph/mz 30227

F. Bearukov, . Kalwykey, B.0. Kniehl, 1 Shapeshnileoy [ f 125 1%13]
G.'De,ﬁra,ss C , 3.Dt V L’\'a.., 3.Ellas- Mirs JJRE‘) <Ay 6"0&"’&/
G- Isidori,A. Steomia Lph J12s5.£447]

S Alekhin, B.Djcvadi,s.Mech [pn/1207.0930)

. Bo‘t‘tQQ&O, G—.'besva.Ss\\;P, Glacrdline, €. Gudice FSala. A Salvic,
A.Stronda [ oh /izch 23536 ]



£2M STATUVS

O Ht.%ﬂs discovered , close to 3M-Like

| | l
ATLAS Prellmlnary my, = 125.5 GeV
W, ZH — bb
Vs=7TeV: [Ldt=47 " ® SH
Vs=8TeV: [Ldt=13"

H— 1t

VE=7TeV: [Ldt=46m" — o

Vs=8TeV: j’Ldt 13fo

H— W' —> Iviv

Vs=8TeV: [Ldt=13" 1 o

H— vy

Vs=7TeV: }Ldt 48" ®

Vs=8TeV: |Ldt=207 "

H— ZZ — 4]

Vs=7TeV: [Ldt=46 " ——

Vs=8TeV: [Ldt=207 b

Combined u=143+0.21

Vs=7TeV:[Ldt=46-48M" -

Vs=8TeV: [Ldt=13-207 "

| | [ | | |
10 +1

Mh/GeV = 125.5 + 0.2 (stat) + 0.5/-0.6 (syst)

Signal strength (u)

Combined
u=080+0.14

H— bb

H— 1t
u=1.10+0.41

H- vy
n=077+0.27

H—- WW
p=0.68+0.20

Ho2ZZ
p=092+0.28

Mh/GeV = 125.7 + 0.3 (stat) + 0.3 (syst)
—> lveta. Masettl's +a-“«

Vs=7TeV,L<5.1fb' {s=8TeV,L<19.6 fb"

CMS Preliminary m, =125.7 GeV

=0.65
SM

pSM

ATLAS
CMS

1.5 2 2.5
Best fit G/GSM



LM STATUS

® No trace of BsM so foom & A> few TeV ¢
—> lucta. Masetti's tallc

ATLAS SUSY Searches' - 85% CL Lower Limits

Sals LP 2013

“Tsonam\”

ATLAS Prelrinay
[Cta 022G 57,8l

Mol LT dets B3 fap) Wass bmit Raferance
T T T
IR O leg G0 e L ATLEESCINE DA
WG DV 1 TiEE v i MILKSSNAT DM
e 1 M v s FTLESONR YT
Rl 1 His m ol =am KILASSIN S 0T
b =gt leg T nbianaw nienag) | VUSOMDIE
B~ EaplER S8 wlframae [P
RS Teg  FAM e el T
oieg i Lo 1 Ll L) VILESOTINE A0S
B3 o WP Iy o nf il i
M wrmhLER lepay 0 Y8 w15 e FTLESTNE DAl
AW oz hSR T g m il paaw 1L
BEH s LR Pepid) (e e NI VTR DDA
i LR L L wiy e ATLASSINN D BT
Wit i T T | ey e ]
il Feriy 1 OTREE v ina |k AT i) e KT,
B ;—-uf{ Hep 20w om0 (B 1w WTLAZCMRE B4
" geably Hey 26 w0y R L nlianse STLESCONEZ AN
By, B { [ 2w B | Ll i 2ed FLAzIIN D A
o) IRl MY om0 K A it i) VILEEEWEZ BT
et - ey 126 w47 R Lo TR, I
VNI = (V] Beg  biph w03 me ) o, i} | WILASOON D046
PLETTLR S Teg  E2b w03 [§ S Ry i ) 8 A0 VLEENE DS
fyfsimeim, =41 ] 1 om o Ei|h A ol pancee, eyt 2e NILBCIN DTN
!,.'u'lnﬂ!.—-n!i leg 16 v 07 |0 A i NILESCONE EY T
E% ] a v mE R - ey mliaw NTLASCINE S
] Iegdl 16 v W07 & A nfihaEae NILESCONE.
[ bpdl 1h w t07 [§ 00 miganf bt ot
g 0w 3§ Lt ol FuTTrErerey
F HYE R - EH 50 G niiantal Fethnfiall) | SN DEAG
| or 4 wm W7 l‘f AL 1 v nf? Tetemi [P
: 0w N7 | T el AT el wndl) | LESCIRDONE
g 3 w07 BT i il o sk | KTLASSO0E D8
] LI (LY [
I Ml Y 10 G, 19 s et ATLESCNE DB
SWIC iatia ¥ Wy L . ot LRSS S SR
Dt o, e o e 3 nrswd AILESCIN ST
Py Il i 1 = iffl2 1T
Ty AP im ] L] e N A [HE
PV ppeby T P [P By L ey
; e AT 11, Lyttt |
fr:ﬂ"; it IL L] :Humwlm mnw:ew
E- STl an, dae 0 m ol dast ATascaN D B
B Cmrt, e, deger 0 w10 G MLESCINE D E4E
Il L Bm - e
i=h igal% MO ™ ATLESCONE Z 41T
g guon ] i o 180260 1L
WPirazcion |03 Dy § mojd R D Uk B B D TLESCINR D T
L
|
EEmEE " p—

*Oriy i a2 bof o of the avn'atls s links s new datss of phanamend i shonn AJ nts quonsd are otseried mirus for fware doal signa cross ss: fon uroeriainty

SuS\vy

g B JADTH eyl v F,

e ED (MDD - monoprotes < F,

L BT oDy chipbaion Il Blepion, o,

D ciphokon «

4 ST I e,
i 1 - g,
51 W meanae, iy

Sl RS IT mearaoce

5 g4 @RDRGE): 1] <
W00 BHTM,, WDy BE dmaon b,
W00 b A1) eptens o e L
b black fei_ djat F ()

ot doniie] wliichén [1m

SHCT ol A

aftiCl S5 dheploy s pin s F,

ol L,

Ewoie b quawk W!m-un_‘
{Eucind epan 1) rencraree

Tochné hadeons (LTTC|  sleplon m,__
Tochvn-hadiera LITC] AT remamancn il .
Wy, revk (LRSI ne moeng ) ep = iy

i H-Irqh'rl.nh w1 il 2 e @
2 " DY grod_ BAM <dj<l| 55 b (ghrd

Sador oclet ACue Sl Woremon
Nu-<crargeed uirichen [ oo | gy eniding inicle
Mg roropole [0 jod | wgey oneng ks

ExclLuSioN PlLoTS

(Girwkon w0, 0 10y

[ ¥ o 0 | o ] B
" i el o D Dy S a)

P [ v
T

Ll il N |

Sask
Ddmeind waka |8, + 3

-r e TR - AL 11‘l|' (LN |
H‘\Hlﬂﬂ'J' 10

T e e | b

lu-n-axnl:'
fan T BTeW

& Eomieive Wl

10" 1

ExeoTilcSsS



£2M STATULS
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VACOLM INSTAEB\LITY
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VACODM INSTABILITY
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VACOLM INSTAEB\LITY

N<O at /\leO‘oC-e.Y
| ¥ oo
Htaﬁs Fo'\'cxv\'wu—l u\S'\-ab\.lv\»'\‘
V(o) = L L=k b’

1 " " "




LIFE IN o METASTARLE VacLOM

=D do. = ?ec‘—t'\‘j cate o4 : . )
P= ey ¢ T AtV T with TS (/g
b
K >34 o K ex ( o h _ 2ece
P 3luh\)\ e.Xf i |1.|/D.o| ]

eAS;B wumng over ‘Z‘_’:

f<<<£1. S \36‘\‘(,1“6, oF EW vocuvm muc\-x \ongex '\'\'\a!\ ‘Cu



PRoBABILITY OF VACULM DeECQY
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LIWVING AT TRE EDG
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BIM & STARILI\TY
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LATTiCE STAaP\LITY ROONDS
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LATTVCE STABP\LTY RBoONDS
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LATTiCE STAaP\LITY ROONDS

what could be done next:
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LATTI\CE STAPD\L\TY RBOONDS
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LATTiCE STAaP\LITY ROONDS

what could be done next:
® Study -he "\'urme,\,(,ws ot of dhe TN vacoom
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OTHER TMPLIicAT I6NS

O Co&t‘no[ogvj .
Thermal -FL&"—ua:\'c\,ouS Con LnduCa VaLouvw o(ec.au:s

M, = (173.240.9) GeV
o =0.1184

Reheating temperature T, in GeV

| 1 1 L I 1 1 1 1 I
115 120 125

Higgs mass m, in GeV

Ibovncl o) -Té“ 2




OTHER TMPLIicAT I6NS
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INGREDIENTS NNLO STAR. BoULND

Renormalisation Group Equations

LO NLO NNLO NNNLO
1 loop 2 loop 3 loop 4 loop
0 I [50,5]  Olad) [52.5) J) [54 55 Olad) [56,57
O[ﬂgﬂ'l‘_g_}l [58] ﬂtgﬂ: ﬂ]
full [60] full [61,62]
019 full [50,51] full [60] full [61,62]
i full [63] O(al,a304) [64]  full [65,66]
full [67]
A, m? full [63] full [68,69] full [70,71] —
Threshold corrections at the weak scale
LO NLO NNLO NNNLO
0 loop 1 loop 2 loop 3 loop
0 2My |V full [72,73]  Work in progress —
gy | 2M;-=M:/V  full [72,73]  Work in progress
n VaM, Vv Olas) [14]  O(ad,asars) [33] O(ad) [75-77
O(a) [78] full [This work]
A ME/2v? full [79] for 1o =0 [4]
full [This work]
m? M} full [79] full [This work] —
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OTHER TMPLIicAT I6NS
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