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Evolution of coupling constants

CW%&M the forces depend on distances

QWM - the charges depend on distances

QED: virtual particles screen
the electric charge: oy when d A

QCD: virtual particles (quarks and
*gluons™) screen the strong charge:

s 7V When d 7‘

‘asymptotic freedom’

Oog o’ 11N, Ny
Olog E flas) 7 <_ )

B 6 3

> O |
\ U
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Grand Unified Theories

-
i# | .5trﬂ-ng force

Force strength

Weak force®

Electromagnetic force

106 . 1010
' Energy in gigaelectronvolts

A single form of matter
A single fundamental interaction
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SU(B) GUT: Gauge Group Structure
= SU(3)exSU(2).xU(L)y: SM Matter Confent —=—=

Uy,

ur, _ _
QL = ( ) = (3,2)1/6, ur=1(3,1)_2/3, dz=1(3,1)13, L= ( = (1,2)_1/2, e =(1,1)1
€L

How can you ever remember all these numbers?
—  SU(3)xSU(2).xU(1)y c SU(B) T———rvv

additional U(1) factor that
commutes with SU(3)xSU(2)

SU(D) SU(2)
Adjoint rep. ( SU(3) ) (1/2 s \
Te(TT?) = %5ab T'? = g ~1/3 s
\ -1/3

__
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SU(B) GUT: Gauge Group Structure
——— SU(3)xSU(2).xU(1)y: SM Matter Content

ur, _ - LY
QL — ( > — (372)1/67 u% — (37 1)—2/37 d%{ — (37 1)1/37 _ —_—

How can you ever o

p—
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SU(B) GUT: SM B fcts

g, g and gs are different but it is a low energy artifact!

: 11 2 1
D b= ng(spin—l) — ng(chiral spin-1/2) — ng(compleX spin-0)

Christophe Grojean BsM 70 CERN, July 2017



SU(5) GUT: low energy consistency condition

az(Mz),as(Mz),c1(Mz) <= experimental inputs
b3,b2,b1 &= predicted by the matter content

3 equations & 2 unknowns (agur, MauT)

—— one consistency relation for unification ~ -

|
‘
|
|

bj — bk . 9 3(b3 — bg) 5(b2 — bl) aem(MZ)
‘ Ik Oéi(Mz) $ “ SHE YW 8b3 — 3b2 — 5b1 + 8b3 — 3b2 — 5b1 OéS(Mz) |
= - e
Qe (Mz) ~ 9% as(Mz) ~ 0.1184 £+ 0.0007
sin’ Oy ~ 0.207 not so bad...
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SU(5) GUT: low energy consistency condition

az(Mz),as(Mz),c1(Mz) <= experimental inputs
b3,b2,01 == predicted by the matter content

3 equations & 2 unknowns (agur, MauT)

—— one consistency relation for unification ~-

3as(Mz) — 8aem(Mz)
(8b3 — 3b2 — 5[)1)043(Mz)046m(Mz)

Mgur = Mz exp (27r ) ~ 7 x 10'* GeV

1 3bsas(Myz) = (5b1 + 3ba)aem (Mz)
GUT (8b3 — 3b2 — 5b1)()43(Mz)Ckem(Mz)

~ 41.5

self-consistent computation: © Mgyt< Mpisafe to neglect quantum gravity effects
— O asur« 1 perturbative computation

Christophe Gr?/'edn BsSM 7l CERN, Ja/y 2017



SU(B) GUT: SM vs MSSM B fcts

. chiral superfield . vector superfield
complex .Spin-O Weyl spin-1/2
Weyl spin-1/2 : real spin-1

. in same representation R of gauge group . in same representation V of gauge group

11 2 2 1
b= ETg(vector) — ng(vector) — §T2(chira1) — ng(chiral) = 3Ty (vector) — Th(chiral)

MSSM Chiral Content

L _ _ vy,
) = (3,2) U=(3,1)_2/3, D=(3,1)1y3, L= <€ ) =(1,2)_1/2, E=(1,1)1, H, = (1,2)1/2, Hqg=(1,2)_12

L L

g QL U D |

1 1 1 {

bsu) =3 X3 — §><2><3+§><1><3+§><1><3 3‘
Wi,Z QL L H, Hd v
1 1 1 1 /7 =
bsu) =3 X2 — §><3><3+5><1><3 —57 3 —1‘

QL U D L E H,
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SU(B) GUT: MSSM GUT

by =3, by=—1, by =—33/5

low-energy consistency relation for unification

3(b3 — bg) 5(b2 — bl) aem(MZ)

~ 0.23
8b3 — 3b2 — 5[)1 + 8b3 — 3b2 — 5b1 OéS(Mz)

sin? Oy =

squarks and sleptons form complete SU(5) reps = they don't improve unification!
gauginos and higgsinos are improving the unification of gauge couplings

GUT scale predictions

Sas(Mz) — 8aem(Myz)
(8b3 — 3[)2 — 5b1)0&s(Mz)Ozem(Mz)

Mcur = Mz exp (27r ) ~ 2 x 10'% GeV

1 SngS(Mz) — (5b1 + 3b2)046m(Mz)

N _ ~ 24.3
GUT " (8b3 — 3by — Bby ) s (Mz)tem (Mz)
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Proton Decay

G O why is the proton stable?
0 electric charge conservation?
. baryon number conservation?

938.2720813(58) MeV
B in GUT, "matter” is unstable

B q My / lepton :
N decay of proton mediated by
nucleon 4 q >ww< Q} Teson new SU(5)/SO(10) gauge

q

bosons

—

4
MX 31-32
10 r
10° GeV) d

. + 0
GUT: 7,(p—em )=(

Exp: 7,(p—~e'n")>82x10% yr

d z Ve
other decay mode: i
L A pt — K'v 5 t 5
(6. Giudice SSLP'15)
BsSM 74 CERN, July 2017
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p—etal
n—-e*x
p—=utal
n—u*a
p—va
n—val
p—e'n
p—u'n
n—wvn
p—e'pd
n_.eop.
p—u'pl
n_.u+p.
p—=vp*
n—vpl
p—etw
p—u'w
n—vw
p—e*K’
n—-e'K-
n—-ekK*
p—u*KP?
n—-uK-
p—=vK"~
n—-vK©?

p — e* K*@a2)°
p — v K*@2)*
n — v K*@2)0

C\/V'I'St‘ O//B 61“? /‘ean

Proton Decay

Frejus Super-K

BsSM 24

10°

Babu et al '13

CERN, Twly 201+
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Composite Higgs

Light scalars exist in Nature but all the ones observed before the Higgs
boson discovery were composite bounds states

3

Mass in GeV

Width/mass ratio, I'/M Franceschini et al. ’15

Could the Higgs be a "hadron” of a new strong force?

h W= Z to At energy above 1/44, the

."‘-“\ Higgs dissolves, the
Blw O OO B
. .

"~ integrals are smoothed out
Sl (N eebedob i

d*k 1 )

Christophe Grojean BSM Z6 CERN, July 207



Higgs as a bound state

‘ «; f udis N The Higgs discovery would be the
| /! S first step of rich physics ahead of us:
s ,,p \‘) e ! O discover a new SU(Nc¢) force
* — e 1] O access to the fundamental constituents
| JT* L e L . ;5 | O rich spectrum of bound states
A R 2 ,
b P © || But how come we haven't seen
P R anything of these yet?
‘ \IEEYSHBH """ |} ® The Higgs has to be lighter than
- SEBEENI || the other bound states
T | = pions are lighter than nucleons,
4 o 1| hadrons and other mesons
j => let the Higgs be the pions of the
) S P U BV - - | new strong interaction, i.e., the
e UL tan, Tur i || Goldstone boson associated to the
° " | breaking of some global symmetry

Christophe Grojean BsSM 27 CERN, July 207



Higgs as a bound state

QCD Composite Higgs
GeV EE ' TeV EE
130 MeV —— 7T 125 GeV —— h
SU(2), x SU(2)r SO(5)
SU(2)v SO(4) |

; L uk = let the Higgs be the pions of the
4 Lo el | new strong interaction, i.e., the
db T e caren e Goldstone boson associated to the

| breaking of some global symmetry

Christophe Grojean BsmM 77 CERN, July 207



Higgs as a Goldstone boson

Examples:so(5)/s0(4): 4 P6Bs=W+, Z, h
() (4) b “———L_ Minimal Composite Higgs Model

50(6)/50(5) B PGBS:H, a Agashe, Contino, Pomarol 04
L Next MCHM

SU(4)/Sp(4,C): 5 PGBs=H, s

S0O(6)/50(4)xS0O(2): 8 PGBs=H1+H> — Minimal Composite

Two Higgs Doublets

Mrazek, Pomarol, Rattazzi, Serra, Wulzer 11

Christophe Grojean BsM 75 CERN, July 207



How to probe the compositeness of the Higgs?

q
9.7

do o E’
dQ  16m2 sin* /2 E3

(2l~(1q2 sin? 6/2 4+ K cos? 9/2)

Rosenbluth-type cross-section

LA}
L]
*

anomalous Couplings i\. :T 5 ------------------ .
(accessible @ LHC with 20-40% accuracy) { | elemenTary H ggs

composite Higgs

LHC reach ? .~

2

N
s
P

Need to develop tools to understand the physics of a composite Higgs

O use effective theory approach

O rely on symmetries of the problem \ identify interesting processes

Christophe Gr?/'edn BSM 79 CERN, Ja/y 2017



Anomalous Couplings for a Composite Higgs

Giudice, Grojean, Pomarol, Rattazzi ‘07

Lo 2%8“ (H2) 8, (|HI?)  en~o00)

f=compositeness scale of the Higgs boson

0 1 ?JQ ,
S @52— l+cyg— | (0"h)" + ...
V2 2 /
Modified Higgs couplings 1 v
Higgs propagator ~ rescaled by \/1 N CH?_z H 2 f2 &/

Higgs anomalous coupling: a = /1-¢= 1-&/2
£ =02/

Christophe Grojean BsSM 10 CERN, July 207



SILH Effective Lagrangian

(strongly-interacting light Higgs)

Giudice, Grojean, Pomarol, Rattazzi ‘O7

* * *
3
lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

® extra Higgs leg: H/ f ® extra derivative: 0/m,
. ® Genuine strong operators (sensitive to the scale f)
: - SRS I I e
o (0mP) S (nim) yyfyHy2fLHfR+hc S

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1CW ZCB
,(He D ) 0wy 55 (HTDRH) (07 B,)

Qmp . 2m2
........................................................................................................ D
...................... e 2

’LCHW 95 B! 9,

Wi 9o puTyot (D H)W, 5 90\ DrH) (D" H)B,,

Mp 16m2, ~ 0 T my, Lo :

....................... ..sw,......mlnlmalcouphngh_)fYZ ).,..Ioopsuppr.essedstr‘ong dynamlcs
:: ............. g o 2’ :.‘:‘:‘. .:.:. o 2““ ............................................ \ :: ............ :. .....................................................................
i Cy i 9, g7 . iC g y
SO e N A & ) pv g i Jp it iy a a,ul/
' m2:16m2: B BT m2 167T H HG G
N p s DT g pi. g L
.'“.."'.,.Goldsfones-ym --~--"" .................................................................................

C/Zr/SZ‘op/ﬁe Gr?/'edn BsSM Sl Cf(/\/, Ja/y 201%#



Higgs anomalous couplings

h  h? _ h
LEWSB — m%{/W:_WJ (1 + 2a— + b 2) — mwwLwR (1 + C;)

U U

The Higgs couplings deviates from SM ones (a=b=c=1)

and the deviations are controlled by ¢ and ¢y
Anomalous couplings are related to the coset symmetry and not the spectrum of resonances

Minimal composite Higgs model (MCHM): SO(5)/SO(4) —
a=+y1-¢ b=1-2 bgz_gfm L (m 1—25) 6y — — (€. 46)

v1—¢
Uniqueness of Goldstone models ""*---..... g2 (weak scale)”
) o Dilaton " *-. f?  (strong coupling scale)?
in the SM vicinity ~ pog? '
(a single operator at dimension-6 level @ T R T S
controls the amplitudes) A
1_.

SM
Goldstone Higgs

Composite Higgs L for large f
VS a=1-v2/2f% b=1-2 v¢/f?

SMH 1ggs . @
Christophe Grojean BsSM 1 CERN, July 207




Higgs couplings fit

1.5}

0.5}
0.0f
0.5
1.0

2.0k

llllll

111111

‘‘‘‘‘‘

llllll

0.0

C/?)‘/léfopﬁe él‘o(_/‘ean

I I D A B A L e
- ATLAS Preliminary + SM -
3l \s=7TeV,|Ldt=4.6-481f" x Bestfit MCHM4 -
" \s=8TeV,|Ldt=13-20.7fo" ——68% CL MCHMS -
- ---- 95% CL -
21— —
B N Q‘?" Q‘} Q\’ ____________ n
- Q VAR A S il
S S
Of =
I G - k
:] T TR S N T W TN TR NN NN NN WY NN NN ST SNNY SNNY NN NN NN | r .:
0.7 08 0.9 1 1.1 1.2 1.3
Ky
£ <0.12 at 95%CL
< 0.10 at 95%CL
BsM $3 CERN, Juty 2017



The other resonances

------------------------------------------------------------------------------------------------------------------------------------
.
.

fDominan‘r decays into longitudinal SM gauge bosons

5

. F( 0 W+W_) ~ F( + ZW:t) ~ mpgzmr _ mp2 :
spin-2 resonances, " isr 1020
3 TeV spin-l resonances Suppressed decays to SM quarks and leptons

1 TeV

500 GeV color fermionic
resonances

125 GeV L Higgs

Christophe Grojean BsM 4 CERN, July 207



Higgs couplings vs searches for vector resonances

Precision /indirect searches (high lumi.) vs. direct searches (high energy)

5g_v2

g f? _
O Direct searches for resonances: m, =~ g.f 19

/\

enhanced by large _
couplings from the sl
composite sector

DY production xs of resonances decreases as 1/g,°

O Precision Higgs study: & =

10r

suppressed by large couplings from the
composite sector

< di-boson searches
G, JoZM)\ ‘WIuwrey, ‘oddo],

di-lepton searches —

Christophe Grojean BsSM Ss CERN, Juty 2017



Higgs couplings vs searches for vector resonances

Precision /indirect searches (high lumi.) vs. direct searches (high energy)

2
O Precision Higgs STLIdyi f — 5_9 — v_2 DY production xs of resonances decreases as 1/g,°
g f
O Direct searches for resonances: m, ~ g.f 19
Collider Energy Luminosity ¢ [lo]
LHC 14TeV | 300fb T 66— 11.4x 102 10__
LHC 14 TeV 3ab " 4—10 x 1072 3
ILC 250GeV | 250fb~" 4878 %103 8l %
+500GeV | 500fb~" o . w oo
CLIC 350GeV | 500fb~" g ' =
o c D
+14TeV | 1.5ab"t 2.2 x1073 ol S g
+ 3.0 TeV 2ab! i 5
O
TLEP 240GeV | 10ab ! . 3
+350GeV | 2.6ab”! 2x10 0 ?
4 S S5
| -
> complementarity: .5
> direct searches win at small couplings 2 | v
> indirect searches probe new territory at R : S 1-d'§
X
. GO & Q
large coupling s 5 m, [TeV] @
RS o
VAR 5
AV, \2\ %
e.g. v S
<

indirect searches at LHC over-perform direct searches for g > 4.5
indirect searches at ILC over-perform direct searches at HL-LHC for g > 2

Christophe Grojean BsSM Ss CERN, July 207



The other resonances

------------------------------------------------------------------------------------------------------------
* .

Top partners

spin-2 resonances SO(4)~5U(2).xSU(2)e
3 TeV spin-1 resonances embedding
[ TeV

500 GeV color fermionic
resonances

125 GeV L Higgs

m/ M, Strong

Christophe Grojean BsM S CERN, July 207



Searching for the top partners

Search in same-sign dilepton events

B /Z+e¢s is not a background [except for charge mis-ID and

fake e7]
. . l—l— . .
Pair production v L ® the resonant (¢4/) invariant mass can be reconstructed
(rode/ 1ndependent )
_ g
q
q q
1 =- Wi/ Wi
N Tss3/B | i Sl T
1 e T TeeX T e T
t S
- . . I4OO 600 8(I)OI | I10|00I | I12|00I | ;4|00I | I16|00I | ;SIOOI | I20|00I\
g t Szng/e proa/acz‘/ on e [GeV)

(rode/ depencfenz‘>

Chris Z‘op/ﬁe Grod'ean

BsM

[Contino, Servant '08]
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Searching for the top partners

® 0+ 4b final state Aguilar-Saavedra ’'09
TT — HtW ™ b— HW bW~ H — bb, WW — fuqq ,

b
TT — HtVE— HW bVW™b H— b, WW — fvqq,V — qf/vi

® It + 6b final state Asuilar-Saavedra 09

TT — Ht Ht - HWtbHW b H—*bB,WW—*quQ'
® vy final state Azatov et al’12
: thbW [thtZ [thth, h — v

h ® It + 4p final state Vignaroli ‘12

B _ - ~
t 1505.04306 1509.04177
x _ 050 o 19.7 b (8 TeV)

T ATLAS g T(bW)
T 09 Vs=8TeV, 20.3fo" Summary results: 900 (-% CMS 1 950 =
= 0.8 Same-Sign dil. 850 € S
o6 0 7 aerv:125t(3)L/1i046(;§ i 900 E’
’ JHEP11(2014_;—104 800 % %
. Ht+X,Wb+X comb. £ £
arXiv:1505.04306 750 850 X
O g
b oun d son B e 700 3 3
650 % 800 6:
@ %
charge 2/3 states o0 "
........ 550 & 2
o

from pair production

500

0 010203040506 070809 1 [

BR(T — Wb) T Combined limits
(*) Not a combination. Only most restrictive
individual bounds shown.

T(tH)

Christophe Grojean BsM S5 CERN, July 207



Searching for the Top partners

bounds on
charge 2/3 states
from pair production

bounds on
charge 2/3 states
from single production

bounds on
charge 5/3 states
from single production

C/?)‘/Sfopﬁe 6/‘0(-/-8@/7

1505.04306 1509.04177
19.7 b (8 TeV)
T(bW)
ATLAS
Vs=8TeV, 20.3fo"' Summary results: 900 CMS 950
' Same-Sign 1. |I850
900
0.7 ser 228X B800
Ht+X,Wb+X comb.

0 0.10.20.3 0. 0.5 0.6 .7 0.8 09 1
BR(T — Wh)

arXiv:1505.04306

Observed 95% CL mass limit [GeV]

500

L

©
[
o

[0
3
Observed 95% CL T quark mass limit (GeV)

~
%]
[=]

\,
8

Tbq, BR(tH) = BR(bW)/2

— Observed limit

Preliminary

95% CL limit on Ic®"I

- - Expected limit
. = 1 std. deviation

+ 2 std. deviation

00 1100 1200 1300 1400 1500 1600 1700 1800

M(T) [GeV]
-  [ErTrrrgJpTrTTrTrryrrrryrrrryrrrrJyrrrr|yrrrr|1rrrr T T T 7T
o) F T T T T T T T i = 1
o —— 95% CL observed o
= - . g
g RH ... 95% CL expected @
o
><00 1 E - =+ 1o expected — II—m
~ - — ~
><"° C [ ] =20 expected 7 =
\6’ T e Signal Cross Section | )
-1
o 1
i ] a 10
N
o]

102

700 800 900 1000 1100 1200 1300 1400 1500

5 mass fapV]

T(tZ . . T(tH
t2) Combined limits (tH)
g 2' IATII.ASI | |
E 51.8F  (s=8TeV, 203 0"
1.6~
1 4:_ 95% CL Exclusion Limits
) E — Observed
1 2 [ #=== Expected

0.8
0.6
0.4 -
0.2F =
E 1 x x L
0.6 0.8 1.2
m(T) [TeV]
L L L BB LN LR R
ATLAS —— Observed 95% CL IimitE

/s =8TeV, 20.3 fb™

Tg /5T~ WWH

...... Expected 95% CL limit

- Expected =10 |
\:I Expected =2 o

Theory (NNLO+NNLL)

600

650700 750 800 850 900

1000
m;_[GeV]
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Searching for the Top partners

bounds on

charge 2/3 states
from pair production

bounds on
charge 2/3 states
from single production

bounds on

charge 5/3 states
from single production

C/?)‘/Sfopﬁe 6/‘0(-/-8@/7

o(X_ Xe/3) [Pb] - RH

1506.04306

ATLAS

Zb/t + X

Vs=8TeV, 20.3fo"' Summary results: 900
Same-Sign dil.
arXiv:15091.04605 850

JHEP11(2014)104 800

Ht+X,Wb+X comb.
arXiv:1505.

04306

Observed 95% CL mass limit [GeV]

1509.04177

19.7 b (8 TeV)

T(bW)

©
[
o

CMS

® o) ©
3 3 8

Observed 95% CL T quark mass limit (GeV)

~
%]
[=]

0 0.1020304 0506070809 1 >0 700
T(tZ . .. T(tH
BR(T — Wb) (tz) Combined limits (tH)
Q— 2 T T sl I T T T I
$ - ATLA
= 1.8 (s=8Tev, 203"
i Tbq, BR(tH) = BR(bW)/2 _1 6:—
c .
o - P Preliminar C
-E' Observed limit y 14 [ 95% CL Exclusion Limits
= - - Expected limit ) - — Observed
; I = 1 std. deviation 1.2 = Expected
3 + 2 std. deviation
0.8
0.6
0.4 -
|||||||| Lov v b va TENEN S AR 111 [ 0'2:_ _:
‘R)OO 1100 1200 1300 1400 1500 1600 1700 1800 C 1 l l 1 ;
M(T) [GeV] 0.6 0.8 1.2
F m(T) [TeV]
E L I L I L I L I L I L I L I L E E 1 L B B | I L B B | I L I B | I IIIIIIII I L B B | I L B B | I L I:
E —e— 95% CL observed @ =----- 95% CL expected E & ATLAS Observed 95% CL limit E
- . "2 /s=8TeV, 203" ...... % CL limit
- + 1 s.d expected D + 2 s.d expected "_m Expected 95% CL limit -
1 - Q - E
= $EEEEE = Yo} XpeCted +1 o
o £ Xg, Signal Cross Section 3 ~ Tg /5T~ WWH T
N, 7 0 \:I Expected =2 o
L i -1 ]
0L 2017 1 16068\/ 8 10 Theory (NNLO+NNLL)
g o

1072

102

700 800 9200 1

000 1100 1200 1300 1400 1500 600

o Mass §GeV]

650 700 750 800 850 900

1000
m;_[GeV]
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BSM and Atonie %4@
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Atomic Clocks as a BSM probe

n=3
Physics beyond QED contributes to
n=2 . .
e freque e radiati
e the frequency of the radiation
. AE = hf 1 1 1
+7 . 2
e X_RZ <n2_n/2)
19(0)|?/n? is the wave-function-density at the origin.
2
 8GEmMZy goga e TM20 | spweak _ _ SGFMZ gega | 0v12000
Vweak(r) — \/§ A - nilm \/5 47_‘_m22 ‘w( )’ n3
fifth force —_— !

Exp sensitivity in atomic clock measurements O(1018)

(ms over one billon years)

Not all fransitions can be used (yet) for BSM
frequency shifts O(1-100 Hz) over frequencies O(1THz): still a sensitivity O(10°%-9)

can be used to detect new (long range) forces

Christophe Gr?/'edn BsSM 9l CERN, Ja/y 2017



Isolating the signal: isotope shifts

A= A
' 2 /
5VLL4A/ — Kz HAA -+ F/L5<’I" >AA’ —+ HZ(A — A )
mass shift field shift BSM or NLO SM/QED

K; and F; are difficult to compute to the accuracy needed
but they are the same for different isotopes

» W. H. King,
The I<1ng PlOt J. Opt. Soc. Am. 53, 638 (1963g)

First, define modified IS as mdv’y ,, = 6v'y 4/ /pian:

Measure IS in two transitions. Use transition 1 to
set 0(r°) 44 /puaa and substitute back into
transition 2:

m5ViA, — Kgl -+ F21m5uim, — AA/Hgl

Plot md&v 4 4 vs. mdv?4 4 along the isotopic chain

C/}/‘/‘Sz‘op/]e Gr?/'ean BSM 92 Cf(/\/, Ja/y 2017



Isolating the sighal: isotope shifts

AAT A A
V’i p— V’i Vi
) . 2 /
5VAA/—KZ',LLAA/—|—FZ'5<’I" >AA/—|—H,,;(A—A)
mass shift field shift BSM or NLO SM/QED
I<i and Fi ara AifGmilt +a comniita +a tha acor1raey needed
-1970 T r r T T T .
bl = -1974.0F "1 Gebertetal. (2015) 2S

=
E 1975 e —> 19741} + : IS Ca+ |
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Plot md&v 4 4 vs. mdv?3 4 along the isotopic chain

Christophe Grojean BsSM 92 CERN, July 207



As long as
King linearity deviation
is not observed,
one can bound
new physics sources
More tricky to interpret
if a signal is observed

Chris fophe Gr?/'ean
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