SGWB search for new physics

Ligong Bian (GZ37IN)

Chongging University (BERKAKZF)
l|gbycl@cqgu.edu.cn

CLHCP2020

Based on work with Rong-Gen Cai, Huai-Ke Guo, Jing Liu, Yongcheng Wu, Jing Yang, Ruiyu
Zhou, Phys.Rev.D 101 (2020) 3, 035011, JHEP 04 (2020) 071,2006.13872,2009.13893.


mailto:lgbycl@cqu.edu.cn?subject=

Gravitational Wave Periods

Milliseconds Minutes Years Billions
to Hours to Decades of Years

ooooo

LIGO | LIBRO CMB Polarization

[ Vg weatine A new era: GWs as a new tool for probing
' rauatorial cosmology and high energy physics

: plane
o arth Ecliptic Current: LIGO,PTA,...
constellation . Sun
s Future GW experiments:
e zmd 2ol L LISA, Taiji, TianQin, BBO,
o - DECIGO, ET, CE,...

_ Wave source
eqaguIinox "



Contents

1. GW from first-order phase transition
2. GWs and Collider searches
3. GWs from topological detects

4. Future prospect



Implication of 125 GeV Higgs

%2400.v,.,.,..,....,....,...,,.,.. -
(2 2200 Selected diphoton sample

2 2000 . Data 2011 .and 2912 B
$ Sig + Bkg inclusive fit (m_ = 126.5 GeV) .
@ 100N, 0 4th order polynomial e

\S = 7TeV.ILdt-4.8 ' 1500

\S=8 TeV.det «591"

*

vents / 1.5 GeV

4ANNN

ATLAS Preliminary

Data - Bkg

CMS {s=7TeV,.L=5.1fb'Vs=8TeV,L=5.31b"

L I LI L I L |

* T v v v v T v

Unweighted

ymponent

L l Ll 1 1 l Ll 1 'l l L

120 130 140 150
m,, (GeV)
1 | ’ I N | ! |
SM ~ ) - - 0  multicanonical |
1.5 =0 Higgs announcement seminar on 4 July 2012 O standard 7]
: : - —— pernturbative
10l — T=50 GeV _: a8 .
: — T=90 GeV .
05} — T=120 GeV. E"-" }
l;h 00_ T=150 G >0’4 _
= : ]
-0.5¢ 0.2 -
-1.07 o “0005, o |
[ | : | ) 1 2 ] : [
15 . . . . . . . . . 140 150 160 170 180
"0 200 0 200 400 T/GYpRL 113, 141602 (2014)



V(h,T)

Higgs Potential Shape??? EFT or 7?77
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Particle
physics model
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backgrounds and their implications for
the early Universe and TeV-scale particle

physics

One of the LISA goals is the direct detection of a
stochastic GW background of cosmological origin (like
for example the one produced by a first-order phase
transition around the TeV scale) and stochastic fore-
grounds. Probing a stochastic GW background of cos-
mological origin provides information on new physics
in the early Universe. The shape of the signal gives
an indication of its origin, while an upper limit allows

to constrain models of the ca
physics beyond the standard
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GW from FOPT
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Why SFOEWPT
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Collider & GW complementary search

SNR > 10 points for and one-step SFOEWPT

..........................

10 i I 68%.957%CL(combined with HL-LHC)
[ i | HL-LHC:14TeV (3ab rates and distributi
[ E ] | CEPC:240GeV (5ab
i | o
[ E | | FCC-ce:210GeV (5ab 1) 4+ 350GeV(1.5ab~")
N — ke [
|l | | 1.C:250Ge
0K ot |
1 ILC:above+500GeV(4ab ')
| ILC:above+1TeV(2ab
{('l.l( olUGeV (H00th [.41eV(]1.5ab yleV(2ab
| CLIC:binned M, in vizhh(4bins
| m— TLC:500GeV (4ab )4 1TeV(2.5ab™ 1)
. - | | . . | mmee [LC:500GeV(4ab™ ) 41TeV(8ab™ 1)
0.0 0.2 0.4 0.6 0.8 1.0 1.2 14
S LGB,HKG,YCWu,RYZ Phys.Rev.D 101 (2020) 3, 035011
3

Circles and the dotted points for the GM and xSM scenarios

KM — _a V3uyv N ayv*(4ay — V60y) (244 + As

" 3 2m2 —2bav. —4b,v? ) ;
5’(;55,1:0%1 T4 my 312)s 4Us +O(a§,), 2my, 2my,
| 2 m;, | (3a + 6%) \
y  5m2,—4byv, —8byv? —— 5 Ot
SkM = o, -—3+ 2 ‘ +O(a3y).

2(244 + A5)v?
Sk§M = —2a},(1 _X 4+2 5)0 ) + O(ay,).

mj



DW: SSB of discrete symmetry Low scale

my (GeV) my, (GeV) vs (GeV) 6 T, (GeV) B/H, «
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DW: SSB of discrete symmetry High scale
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CS: SSB of U(1) symmetry CS formation from first-order PT

The one-dimension topological defects:
cosmic string

T. W. B. Kibble

The potential i

SFOPT with bubble nucleation,
three bubbles meet along a line, 1t
may happen that the net phase
change around it 1s £27T; 1n that
case a string 1s trapped. Roughly
speaking, we expect this to happen

along one in four edges, so in this
o FIG. 1. Three bubbles of the broken symmetry phase (p=17)
case the initial scale Estr of the colliding. If the phase change of the scalar field around the loop

StI'iIlg network is essentially the Y i1s =27, a string (or antistring) is formed. If the phases a, are

ordered, then the requirement for a string is a, + 7 <a; < a,+ .
typical bubble diameter.
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CS: SSB of U(1) symmetry CS loops and GWs emission

Loop formation
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Cusps: a pointed and highly Lorentz-boosted region
which appear few times per oscillation period



CS: SSB of U(1) symmetry GWs from CS after FOPT

Nambu-Goto cosmic strings characterized solely by the string tension W
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3.1. Models of time-correlated processes

The principal results of this paper are referred to a
fiducial power-law spectrum of characteristic GW strain

f x
he(f) = Acws (—) ;
fyr
with a = —2/3 for a population of inspiraling SMBHBs
in circular orbits whose evolution is dominated by GW
emission (Phinney 2001). We performed our analysis in

terms of the timing-residual cross-power spectral density

Acws® ( f )-7
fyr

(1)

Sa(f) =Tab =5 3 fii. (2)
where v = 3 — 2a (so the fiducial SMBHB a = —2/3
corresponds to v = 13/3), and where I'y; is the over-
lap reduction function (ORF), which describes average
correlations between pulsars a and b in the array as a
function of the angle between them. For an isotropic
GWB, the ORF is given by Hellings & Downs (1983)
and we refer to it casually as “quadrupolar” or “*HD”
correlations.
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sSummary
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Table 1. Cosmological GW sources 1 80700786
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DW solution:
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GW parameters and FOPT
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GW from DW
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GW from CS

Nambu-Goto cosmic strings characterized solely by the string tension W, with string tension

L= 21vg2 n with n being winding number

Kibble mechanism: e 10~ i 4 G is Newton’s constant
G 1011 GeV

GW energy density spectrum from cosmic string networks
Qew(f Z Qaw (/)

with k-mode being

(k) 2 to (_k) L (k)yq3 .
Q(k) (f) — le ‘FQF G/‘L / dt eff(tz ) [a‘(t) :| [a‘(tz ):| @(tSL) o tF)
tp

pe [ a(a+TGp) 14 la(to)] | a(f)

F, : fraction of the energy released by long strings Cetr : loop production efficiency

The cosmic string network reaches scaling after formation at time tg , which connect with

the phase transition through Ptot (t F) = U

formation time of (k) 1 2k 0,({) ~ ry
t;(t +TGut . o g
loops of the k mode ( f ) a+TGu | fa ( tO) H t, GW emission time
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Sphaleron details

SM, one higgs

B 9 ) gﬁ:t,ﬂ(h k,T)

(%) s+ sa-nw
(

For the xSM model,
sphaleron field ansatz [1]:

we consider the following

A,’(ﬂ,f, 0! ¢) = —if(r)a.-U(p, 0; ¢)U—l(”" 0, ¢)1 (1)
0y =D o )l Gy

a0 oo )] @)

S(u,r,0,9) = vs(T)k(r), (3)

where A; are SU(2) gauge fields, and the matrix U is
defined as

Ulp,0,9) =
e'“(c, — 18,,C9) €'?s,8¢ (4)
—e 8,89 e (cu +1isuce) )’

where the s, = sinu(f) and c,g) = cosu(f). The
sphaleron energy is obtained for u = 7 /2 [2]. From the
sphaleron energy in the main body of this paper, the
equations of motion can be found:

ef 2 . o oo VTR

E - £2f(1 f)(l 2!) 4Q[T]2 (l f)’ (5)

d (,,dh\ 1 OVea(hk,T)

‘Té (tzd_f.) = 2h(1 f)z 2 [nznlﬂg ﬁah )
(6)

d (,dk\ € 1 OVig(h,k,T)

% (°%) = Somorr e ™

The sphaleron solutions can be obtained with the follow-
ing boundary conditions,

Jim f(£) =1, lim h(§) =1, lim k() = 1. (8)



Sphaleron details

A,‘(T’, 09 ¢) - _é'f(gvr)aiuoo(UOO)—l’ (23)

#i(n00) = Hm@nv> (7). @
#a(r0.6) = Hhaerv= (1), @)

where A; are SU(2) gauge fields, A; = JA!T®, v =
Vv +vZ, and U is defined as

Esph[fa hl, h2] —

3 {4 (;,%E)"2 +&(f - 122
o (%) + 53 (%)

bV,

T+ iy
i J), (26)

d? 2 2 2

o = @l - na-20) - (7 + 72n3)
x(1 - f), (29)
dhy\ 2 9V (hy, ho)

i (8G) =ma-p*+ S50, @0
dhy\ 52 OV (ha, ha)

d£(£2 6)_h2(1 D'+ i ™ on, - G

We solve the above equations with the following bound-

ary conditions

Jim £(§) =1, Jim h1(€) = 1, Jim ha(€) =1.(33)



Sphaleron energy and SFOEWPT condition
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Public Packages

BSMPT, Phaselracer, CosmoTransition...



