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No joke: modelling of 17 + tW (Tomas Jezo)

| Precise simulation of top qual k plocluctton and clecag at LHC meelattve' “!

1 | |

Correspondingly we have: NLO QCD, NNLO QCD, NLO EW, NNLO ]l
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https://arxiv.org/abs/1607.04538

No joke mdellmg of 17 + tW(Tomas Jezo)

W Do we need off-shell effects?

My bbAl
W old

—<— Nnew

> new allrad

do/doygy, do/dmy,, [pb/GeV]
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Special treatment of
non-resonant diagrams...

...and double-resonant diagrams of course !




do/dm [pb/GeV]

No joke: modelling of 17 + tW (Tomas Jezo)

Alternative approach: bb4l — dI

Don’t care about non-resonant diagrams !

thfelent resonance histor LJ |3|0Ject0| pl escr l|1)thnS agl ee extr emelLJ well, the w0|st
agleement we founcl was tn m;, spectrum: "

—+— bb4l-sl: tt+ tW, full-off-shell

Semileptonic channel: hvqg vs bb41l-sl — hvq: t1, approx—ofi-shell
—+— STwich-DS(DR): tW, approx—off-shell
+Pythia8.2
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Off-shell effects with Al (Mathias Kuschick)

transformation of “on-shell” to off-shell events Direct Diffusion network
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Normalized
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just § million training events !

far_aaill DU e R 3513(5) goal is to improve efficiency
__ W Fr __ - %¢0:75_, Off_shell is very expensive at higher Order
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what about NLO + PS ? :
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Off-shell effectsinr + Z (Damele L.ombardi)

NLO QCD and NLO EW corrections to fully LO;

oft-ghell Z:
pp — e+1/e,u_17”bl_97 T / EW A Q€ / B QC%
At the inclugive level, sub-leading LO and NLO terme

to leag than a percent correction
amount to legg than a percent ¢o on NLO, NLO, NLO; NLO,
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CPU killer: 17+ photon(s) (Daniel Stremmer)

LO _ p-2 LO LO LO LO LO LO
dOFtlll — FI‘ (daz‘fﬁ,q drh‘_ T dO’z‘fﬂ, al ttn T datf dFl‘f'\,'})
N’ N e’

Prod. Mixed Decay

Full off-shell

calculation is way too
expensive !

inclusive
NLO,

. accidental cancellations
b 10% Sudakov tails



tt+photon(s): goodbye Frixione (Daniel Stremmer)

Photon isolation in pp = e*v,u~v,bby at /s = 13.6 TeV

Smooth-cone isolation Frixione 98

1 — cos(R)

° ET,had(R) < €y ET,'y (

Fixed-cone isolation
° ET,had (R’Yj) < ET,max (ETfY)

1 —cos(fy;

* Collinear photon-quark configurations allowed

v+ X NLO _ 1~NLO ~L.O Qv ~L.O
e do7T = doy 77 + Z do,™ @ Dy — - Z do,” @ T
D D

Hybrid photon isolation

)> for all R < R.;

(0)
p—

* First use smooth-cone isolation to remove fragmentation contribution and then the fixed-cone isolation

 Frag
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¢ Fixed cone
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Tuned!
¢ Fixed cone
10~ 4 ¢ Smooth cone
¢ Hybrid iso
= NNPDF3.1
< 1072 o = Er/4
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= 107°
S
104
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pro, [GeV]

Smooth cone isolation: (1 = 0.4,¢e, = 0.10,n = 0.5)
Hybrid photon isolation: (R = 0.1, ¢, = 0.10,n = 2.0)

No need for Frixione so...
compare with measurements !
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tt + bb with massless b-quarks (Tetiana Moskalets)

_ . 4FS 5FS
b :
q b-quarks in the L
matrix element massive massless
T n b-quarks included o o
. in the PDF? y
7 e renormalisation
b scheme on-shell MS
L) e | """"" . | o, | L
. exclusively inclusive
g . final state ibb  fi+jets

|5FS calculation of ¢7bb at NLO yields the most accurate prediction for this process to date |

i - no large logarithms appearing in the matrix element calculation
|- no complications when matching to a parton shower

But generating 77 + 0,1,2 jets @ NLO accuracy

gg — tt

(99 - tigg ) 99 — tiggg

requires substantional computing resources madevent 13G

matrixl

Selection efficiency of t7bb is low . ext

3.1G (23%) (
450M (3.4%) (
_» int 1.9G (14%) | 160G (35%)
— amp | 530M (4.0%) (

470G 11T
150G (96%) 11T (>99%)
3.3G (<1%) 7.3G (<1%)
2T (19%)
5.5T (51%)

210G (44%)

t

. gg — titbb(g) i
- gb — ttbg(— bb)

- bb — ttqq(g)
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tt + bb with massless b-quarks (Tetiana Moskalets)

For most of the variables, =
4FS and 5FS predictions 'g
are compatible within the =
uncertainty bands 107

10

5FS uncertainty is more
reliable than the 4FS one,
since the 4FS matching
uncertainty is expectedto ~ **?®

be significant but is not o 13
: g
included 2 08
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pp — ti+jets, /s = 13 TeV, stable top quarks, at least one b-jet
T

pp — ti+jets, /s = 13 TeV, stable top quarks, at least one b-jet
T T
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At large pﬁ, it is kinematically most-likely that the ¢f pair recoils

agains a single hard jet

high-p jet

subleading jet

the band should
actually be wider

‘_________, ~ high-pr tt pair
\> t

= The reason for the large 5SFS-4FS difference in the p{f spectrum at large momenta is

- The correlation between p~ and p

light jet, hardest
T

- Expected 5FS—4FS difference between the fraction of events with the hardest jet being light-flavoured
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) Expected
. . . . . Combined — -
Highly accurate SM calculations are essential alongside BSM modeling T S
4 3 2 40 1 27371

Direct way to measure the top Yukawa coupling complementary to t+tH production

t1)* with decays (Nikolaos Dimitrakopoulos)

Very sensitive to many New Physics models

g 0000000 ¥

|4
~

1 f
0 OO0 e 7 ) OO e ¢ .

studied in the Narrow Width

4 lepton decay channel — spproximation due o

K =NLO/LO

3.0
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computational cost !

A
(9)) o
1 1

0 l(l)O 2(|)O 3(I)O 4(I)O S(l)O 6(l)0 700
pr,b, [GeV]
QCD corrections at the level of 10%-12%

do = doyg X —t x b x =t x =t

K = NLO/LO

H
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[

o

47 ——

h. t | o= {840sH
------------ arXiv:2212.03259 5
7 2/SS o

dl;, dIy dUy dT do g = do'® + aydott) + O(a?)

tttt Lt

r, T, T, T, Ty = dT0 + a,dt™ + O(a?)

. ———

100 200 300 400 500 600 700
PT, byb,bsb, [GEV]

()

e Impact of QCD corrections at the decays
at the level of 87%-9%
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t7)*> with decays (Nikolaos Dimitrakopoulos)

M —mw| < Qeuwt

3 lepton channel - Qcut dependence
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Two-loop QCD corrections to pp — ttj (Colomba Brancaccio)

From Olaf Behnke’s talk

PRD 104 (2021) 092013

pr(tt)

137 fo (13 TeV)

; = CMS  e/u+jets e Data
8 - Parton level Syst. @ stat.
— {02 e~ Stat.
= oe. 3+ POWHEG P8 (CP5)
S . POWHEG H7 (CH3)
8100 . i MG P8 (CP5)
£ >, I MATRIX
o 10k o
® oF
5| ® ot ,
10 .
10 6 Resolved+Boosted 8
i | L
olg 16F
DT :
oo 1.4
1.2 }
Eppr
et AN R
................
0 200 400 600 800 1200
o_(ff) [GeV]

A =3 (

]

N/

),

i, colour decomposition

1 IBP reduction?

= Need NNNLO

= Both NNLO and POW exhibit some wiggles around the data

Phase-Space AE'&’I TN 1GeV 2]
point #1 19.028262 — 3.1078961 i
boint #2  0.07061470 — 0.00649655 /
point #3 —29.219122 — 27.542150/
point #4  —0.97280521 + 0.86357506 i

point #b5

—0.40407926 — 0.53165671/
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Axion-impostors but top friends (Ken Mimasu)

ALPs: model of light, singlet pseudoscalar, a

* (Generic, independent interactions

Axions: originally motivated by strong CP problem

a ~
Z D JTGX”G;‘U = m,f, = constant

a | im,.f,} independent
* SM singlet
. . Interaction ri EFT starting at dimension-5, O(1
Astro/Cosmo Fixed target Flavour Colliders = Interactions aescribed by g  O1/1,)
100
101 LEP * Pseudo Nambu-Goldstone boson
102 . | o - |
10-3 | = light particle with shift-symmetric interactions
1 —4
o ax) = ax)+c => £ =Z|d%ax)|
: 10—6
| 1 0_7 explicit shift symmetry
> 108 SN BT 1 1 Ha Ha . o
ﬁ 10-9 Solar v . Low-E SNe foL)P = Edﬂaaﬂa - Emg a’ + 7 Z WeCr v, W+ Cy 7 HTiD”H
— 1010 Globular clusters = = lefuse(:x T ©f ‘
— 101 =t . ls)‘a’;i‘; SN19(§;‘Z‘?;) shift symmetry breaking +CGG$£GXV Gﬁy+cWW2£W;‘” W£V+CBBﬁEB;‘”l§”U
>~ 1012 _ 5%2§§gt1'01) &, T 4z f, 4z f, 4z fq
b% 10_133 Chiy @ I'Ge?e . Anomaly induced, ‘hidden’ shift symmetry
— 10744 X Q&O; &
= °r 2, mgn
_15 = N N (&
ol Lretme Top philic ALP
1016 o Lifetime Sz
10717 é \ 11,2(7 - Cre
18:123 X/y-rays Top-philic ALP # top-philic pseudo scalar!
| ISLLLILLLLL ULRLALLLL LALLLY N ALLALL BUALLL ALY AL R

102 103 104 10° 10® 107 108 10° 1019 1011 10!2

m, [eV]

1031072101 10° 10!

P0) —

top Ct tR 7,u ZLR ’ C; = [Cu] 33

a
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Axion-impostors but top friends (Ken Mimasu)

Elusive mass window 10 S m, $200GeV T

Strong bounds from astro/flavour below m, ~ few GeV m_f S :i%m<<

Larger m, means shift symmetry breaking effects o mg

m, > 2m, , on-shell top decays = tf resonance searches m_’; i I ;,gm<<
Our bounds ’ — ool

500 R

| g i g i
| () :z}> ---- < jZ@ """ <
g t g t

tttt (c; + c;) (2)

1 g -
a
Exp. searches . < ‘-

— tta(a — €707) TOOO)—~—+—— VOO0 ———  OO00—<—— OO0} —+—~——

- H — aa

90 100 150 200

e :GeV] q>crmn\<t >m<
Dedicated resonance searches ; .,

What next? m,>90GeV,a—2Zy  «m,>160GeV,a— WW" “




How strong is this friendship? (Anh Vu Phan)

Anh asks Ken: why do you stop at
200 GeV and not 2m, ?

Ken gives up: I could have gone further...

Some difference in setup and data in Ken’s
analysis leads to slightly different bounds

;_ Fit to CMS data
£ @ 95% C.L.

e data(CV5)
¥ SM
Y SM+ ALP
(Ctt(A) _ ﬂ)
fa TeV
»
s
" E
o
v E

—
—
-
——
._<_
——
——
L1 1 1

. ; 10+
- o data(CMS) 2
T A I
7 E ol f SM+ALP{ T
3 | od cee(A) 20\ U .n6-1
E 1071 N (tt _ 200\ g 107t
x : - Jo o TeVA g f
% | S 10_2':-
§ 1072F - 1 3
%  Fit to CMS data o : T 1g-3
4 |C . ~ _
: tt( ) < . 10 45_
4 fa TeV X o
10 E N BT B B B |
% 1.6 - %
S 1.4 v " S 1.8 F
2l i | fim
_“u’ 1.2 v,yv?* + + .GEJ 1‘2 I
T LO[Tedeenyri b | b fo * T 12}
é 0 8 _* ¢ ° ] - é 1_0 Q"';:
o © 0.8F
= 08 ..... I | | . L. 1 = .
25 1.0 1.5 2.0 2.5 3.0 3.5 0.0
ms (TeV)

| cee(A) =0;m, =10 GeV |

0.4 06 08 11 16
pr(t) (TeV)
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How strong is this friendship? (Anh Vu Phan)

BOUNDS ON ¢, AND ¢

AVP, Westhoff (2023) [2312.00872]

{ma =10 GeV,J
CGGr Cee VAry

10

C tt/ fa (Tev_ 1 )
o

I
Ul

—10

—15
-100 -75 =50 =25 0 25 50 75 100

Coclfa (TeV™!)



SMEFT: notjust LHC (Eugenia Celada)

(6)
C.
LsmerT = Lsm + ) A2 0;” + O(A~?)

()

do
dE

-=-SM
--SMEFT
—Nature

SM: (N)NLO QCD + NLO EW

EFT: NLO QCD, linear and quadratics, with
SMEFT@NLO

NNPDFA4.0 no top

heavy new
particle

collider reach region

A Energy

One observable can be influenced

by many operators

One operator can contribute to
many different observables

e

ete” = ff Zh production

Higgs decay

I@ .

Weak boson fusion
Higgs production

Linear fit: Analytical solution
Quadratic fit: Nested sampling
(Bayesian inference)

1 1 .
o = |Msml|* + A2 (Zc(ﬁ) 2Re[MgyMigpr ) T Az (20(6)‘/\4’(561“1'1“)

" Experimentaldata

445 data points from Higgs, top, diboson
(LHC) & EWPOs (LEP)

Experimental uncertainties + correlations
as provided by experiments

S MEFiI
/Gi;ni' Magni, Rojo, arXiv:2302.06h‘

r Output

Automatised fit report with bounds on
coefficients, posterior distributions,
PCA, Fisher information...

SMEFiT3.0 in the biggest global SMEFT analysis to date: 50 Wilson coefficients and 445 datapoints
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SMEFT: notjust LHC (Eugenia Celada)

8 1
- let CoQ €QQ CeD co0

ol CQt 7 wavg -
5|+ marginalised bounds improvebya | =
¢D c.n ’ o : : \ \

factor 1.2-3

lavour symmetry; " ;": * individual bounds are overly optimistic
- UQ), X URB)yx UQR),x (U),x U1, | # |

improved by 30% (further
improvement of a factor 2 expected with a|

Simultaneous fit of 50 ‘ o\ 2 N 3 / W ‘
Wilson coefficients A i factor 30

1 operators improve of up to a j

Many improvements are still
underway (colliders, running)

Implemented in SMEFIT3.0 22



SMEFT from low energy (Antonio Rodriguez Sanchez)

, e @ Cabibbo
Semi-leptonic Four quarks

Of;)’aﬁ (*vul? )@~ a%) 05,1,) @Y @)@ vpad) EW /Higgs @
O (3) ,o B3 3 )

Starting point

® BSM exists. Hopefully found in the next scale jump...

® Plausible scenario: new physics mainly couples to the top quark }

Iq (1% v m21P) @ yHr2q°) @gi,) (@yH72q%) @ v
o’ (*yHP) @B vpe®) | Ou (@7 )@ vy )
_ _ 1 _ _
C’)g;ﬁ (@7H ) (E*¥ v peP) OE,J (@ vH )@ v u’)
_ _ 8 _ _
ogl @t @By | 0@ | @y TAR) @y TAR) one example of many
O(l)’a’B (1% eP)e(g3 u3) Higgs-Top _
fequ Lo, K — v
ol®hab | das L eBre@Borrd) | ol (HT D, HY@ M ¢d) K
lequ UV q Hg o a7y q
: (3) T-(_S 3 u_aj3
Dipoles qu (H I’D“H)(q y* 19q°) _—
<
O, (630“VTAU3)FIGﬁV Ony (HTiDMH)(E3'y“'u3) { p i = ——
Ouw (@M ) rTAWE o (HT H) @33 A) R —
OUB (C_ISO"U'VU3)FIBMV

flavor rotation or radiative corrections .



SMEFT from low energy (Antonio Rodriguez Sanchez)

’.-' ° Dlrect searches of top mteractlons a BSM S|gnal most I|ker pomts fy Appllcatlons to UV models
 out to BSM in top operators. Weaker bounds ,
| ® Indirect searches of top operators: a BSM signal may be BSM in top
3' __operators. Stronger bounds B | L D >\t7' q3 I0'2 /3 51 -+ h.c.
6
102 Individual Fits Compared I Sl LQ j
: . R (=) 10' (\\D ]
10t . 50 K¢ \ <y
100- ” . . o . T ) - Re2e . o 17
10_1' - T .I I : x/'"‘ o
- . ; ; 4+ + —B;
].0_2‘ T I' { _ ? : B
1073
5 107 .
I> O T - it —.,.—_- At A S e G\Oba\
)
E 10 )
—-107%1 ¢ l
— 1072 | 1 i
—10~1- a 1! 1 I ) I - | ]
_100- I SMEF]T 1 I I ] ] | I ¢ . | | . T
_10t4 t  This work 3 4 5
_102— . . . . . . . . . . . Ms, [TeV]
CtG Ctw Ctz C:;‘IQ CEL;C?) CHt CtH CbQ CSQQ Cbt CSQt C%t

Baryon Number Violation

One parameter fits: comparison with direct bounds

Two parameter fits also performed in the study

Channel | Limit [103° years]

p — mlet 2.4 x 10* 24
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Entanglement ? (J.A. Aguilar Saavedra’s Backup)

For closed quantum systems in a pure state
Subsystems A and B separable when: ) = la)a ® |b)B

Classical non-separable, i.e. entangled state: ) =|a1)a ® |b1)B + |az2)a ® |b2)B

But top-quarks are not in a pure state at the LHC — correct description through the density operator

separable: Psep = Z Dn p,r’? X pf
n

otherwise entangled

Bell’s/Clauser-Horne-Shimony-Holt (CHSH) inequality

E(a,b) — E(a,b) + E(@',b) + E(a’,b)| <2,

26



Entanglement and SMEFT (Eleni Vryonidou)

Spin density matrix:

y p = i(]l@llJrZBaz@lJrZB n®a]+$‘$‘czjaz®a:,)

= 1=1 =1

Entanglement markers Necessary and sufficient
DO = 1/3(+Cy + Crp + Covn), condition for entanglement
D®) = 1/3(+Cy — Cyy — C 1

= /3( kk rr nn)a C = 5 max (O, 1 3Dmin) > ()
D(r) — 1/3( —Chr + Crr — Cnn)a
D () — 1/ 3(_Ckk — Crr + Cnn) Quantum entanglement is fun...

can you get an article on spin
Dmin — min{D(l), D (k), D (T), D (n)} correlations like that ?
nature i
There is nothing more than the full Eleni: we are just trying to keep e e e
spin density matrix ! spin correlations alive DS > aoices 5 tice

Article | Open access \ Published: 18 September 2024

Observation of quantum entanglement with top
quarks at the ATLAS detector



Entanglement and SMEFT (Eleni Vryonidou)

Lepton vs pp collisions Or
(Crr +Cii) /2 © eoc¢ o) ® pp 13 TeV
® pp 13 TeV threshold
pp 13 TeV high pr
(Cra+ Car) /2 00~ 365 GeV U%
@ 070 500 GeV c
(Cuk + Chn) / 2 é ® (70~ 3TeV o
DW (o) §
Q
D" o % =
=
D) '®) O ® O
00 01 02 03 O0F— 0 0.6 7 ~0.50 —0.25 S - —— B +B;
CtG < 0.00 — s —— —— By + By
Spin Triplet state DV = + 1/3 UE’ """"""""""" Con
Entanglement through D™ for lepton £-0.05 g”
colliders @ — Cik
(1) c Crk + Cir
Entanglement through D'’ for LHC at ®_010 A+ /3
- Q) .
threshold £ A" /3
. o
Entanglement through D™ for LHC at high | .
—-0.15 AT = +(Cir + Crr) — Crp — 1
transverse momentum Solid: NLO
Dashed: LO
-0.20

-3 -2 -1 0 1 2 3
cos [A=1TeV]
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How to access spin densities ? (Dorival Gongalves)

LHC can provide a unique environment to study entanglement and wolatlon of BeII s
mequalltles at the highest energy available to date |

' Spin Typical entanglement
: Entanglement Bell’s inequalities : -
correlations experiment with photons LHC
| l | | | | l >
forget optimal observables eV KeV MeV GeV TeV

Parton leve but make it more exciting

Spin density matrix:

Decay product f

(Il@ll—i—ZBaz@]l—i—zB 1®aJ+ZZCUUZ®UJ) 0
o Top quark spin
1 dI 1(1+5 9 td| b | V,u A
- COS
I'dcosff 2 ! / pl |04[-03
- Top quark spin
great !
but what to do for semi-leptonic events '
29

we do not just see down type quarks



How to access spin densities ? (Dorival Goncalves)

- kin
Qopt - kin
. o Qopt = P(d = Quard|cw ) Gharda + P(d = Gsott|Cw ) Gsott
soft s a) p(lew,..,|) —» quark emitted in forward direction in W rest frame will be
" pllewnal) +p(=lewrnal)  harder and more separated from b-quark in top rest frame
p(_|cWhel|)

P(d — QSoft) -

y—> quark emitted in backward direction in W rest frame will be
softer and more allgned W|th b quark in top rest frame

TOP quark p(|cWhel|) +p(_|cWhel|

spin

b | — 2 (1 40s4cos8;)]
L'y dcosty 3 + 6 o f |

we can do better!

Hadronic Top Quark Polarimetry with ParticleNet

Bok: Bk,

DNNgg—100% 0.622  0.625
spin GNNEg—100% 0.685

b GNNgg—s0% 10.751) 0.758
GNNgg_son  0.863  0.869

Top quark

(jopt — p(d —7 Qhard‘CW7 {O}) tha,rd + p(d —7 QSoft|CW7 {O}) stoft
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More than just entanglement (Chris White)

Which quantities from
Quantum Information /
Computing could be useful for
collider physics?

The Gottesman-Knill theorem

% ‘

13
/

For every quantum computer containing
stabiliser states only, there is a classical
computer that is just as efficient! &

Something other than entanglement is needed for efficient quantum computers! ,

"The maglc is addltlve vanishes for stabiliser states ‘and is crucial for maklng
_fault-tolerant quantum computers. ]
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More than just entanglement (Chris White)

LO in the SM

Bt —BI- =@ —¢f, —0, OF =

pl ~ A+ ) | Bltoi;®@ L+ B L®oi+» Cloi®o;
? 1,)

W(o") — — log, ( (AN + (CL)* + (CL)* + (CL)* +2(Ch)* )
One definition of Magic for top quarks yields: (AI)Z [(AI)Q 1 (Cén)z i (Clgk)Q 1 ( £T)2 + 2(07{k)2]
0; : ?p > (1)_8 compare to entanglement
ook I N, from Eleni’s talk
%0.4 - {104
- - 1] entangled states are
0'(2) - INE 2'2 stabiliser states
1
02 0.8 - -
06 | F |
0 Ql()4 - ; |

0.2 | ‘ B 1
0 .........

0O 02 04 06 08 10 02 04 06 08 1
|cos 6| |cos 6|

'+ Might it provide useful insights into to make magic in other o
i  Can one use magic as a useful observable for new physics?



Entanglement with one top (Juan Aguilar Saavedra)

full density operator pLws describes the top decay I

!/ / / /
8$18o5;l'm"” *
(:OLWb)5152;lm — (,Ot)MM’AMslsg;lm M'’s’ sb;l'm/ {

Hr @ Hs, @ Hs, N BR ~99.9% b

JaN

ATLAS
\'s =8 TeV, 20.2 fb

__ You only need to measure these %
Angular momentum of the

final state

¢ SM prediction
— Stat. uncertainty =
— Total uncertainty (Afg

| | | | | 1 I | |
0.2 0.4

Angular asymmetry } 33




Entanglement Wlth one top (Juan Aguilar Saavedra)

Blpartlte and trlpartlte entanglement “

| Tl’lpartlte entanglement is genuine if the state is entangled under any
,, bipartition of Hr, @ Hs,  Hg,

Entanglement significance
including systematics

marginalise - (Wb) 1o

W-(Lb) 180

H, Hw ® Hp 1.65 H, Hoy 0.62 b-(LW) 159G
Hw H. ® Hp 0.80 H, Hp 0.40 L-W 8.70
Hp H. ® Hw 0.50 Hw Hp 0.01 L-b 329G




Fun & Foundations

(Mini-workshop)

/ TOP 2024
THE()RY /
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Vacuum Stability: what are we talking about? (Tom Steudtner)

Quartic Higgs coupling A

| why do people always talk of '

)\eﬁ‘(h)€4f(h’ho) h4

r A(u) in this context ? «
et A e —— ~Now : 50 bands for
BT\t AR M,=1726 +0.5GeV (red)
002 YVia\v:- @3(Mz) = 0.1179 + 0.0009 (blue) -
- \"._' - ‘\ M, =125.10 £ 0.17 GeV (green)
001}  VEA\A e el 9
o — =y /
L YR\ E ﬁz _ / >\eff (h )
0.00 — " Ja; (h')
- . N el negligible by scale choice
—0.01 - s N A ‘
3 ,(. g2h2 5\
_O 02 R S T R ) ~ R | | 1 | + égQ (1n 4ﬂ2 6 \
| 10° 1019 1019 1020 ” o5 ref 0 o
gi+92)h6 5\ N~ not (1, Y03
RGE scale g in GeV 2 6 Z N 2,2 9
“~— ref f Href

From Roberto’s talk

Running couplings and field normalisation

C_Vz'(h()) — (,uref) Bz (C_V)

s 36
field anomalous dimension



Vacuum Stability: what are we talking about? (Tom Steudtner)

| s VS. t B 7
- only parameters that matter 5 Planck
|  othersare too precise |
3
o
S
0.115
—1 =0 M, = (172.40 £ 0.70)GeV T
M, = (172.57 £ 0.29)GeV
168 170 172 174

Mt/GeV

» Gauge Portal — adding new charged fermions

» Yukawa Portal — sizable new Yukawa interactions

» Scalar Portal

Vigs =AN(HTH)? + 0 (HTH)(S*S) + v (STS)?

10 10° 107 10° 10'' 1083 1015 107 101
u/GeV
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Can we argue for a collider ? (Roberto Franceschini)

A very useful reference for outreach and talkmg to your famlly and chlldren :

Rev. Mod. Phys. 68, 951 - Cahn, Robert N. - The eighteen arbitrary parameters of the standard model in your everyday life

Disenchanting the fine-tuning of Universe stability ;

Can we guess the scale of new physics ? |

200 |

150 |

T T TTT1

[
I

mg [MGV]

0.3

Top mass M, in GeV

O_....|....|....|....|..
0 50 100 150 200

0.1

the SM instability scale 6A/A

T T T T
I I I

Higgs mass M), in GeV

Resulting fractional uncertainty on

0.03 ar | I R R R | 1 I T B R B
1 107 10

<
=S

Fractional uncertainty on M;, M;,, a; 33



Can we argue for a collider ? (Roberto Franceschini)

Statistical uncertainty on M,
uniform 10-point scan

Statistical uncertainty on M;
uniform 10-point scan

-1
10 10—1
L§ 5 1 machine
ﬁ ﬁ | still to be studied
[l N :
Ql_l‘ 1072 e 1072
3 g z
© = Ic| well established
Q. Z C C
Z : o ":s. projects
5 10-3 2 107 % (can do better)
D)
Sa) 1
23 ] g 20 MeV
§ N\ -
= i muon colliders 1074 E e R 2
104 Vs =340,341,..., WWB think are buildable 107! 1 10! 102
10~} 1 10} 10° Integrated luminosity in fb~!

Int luminosity in fb™! ~ proj
egrated luminosity in fb all eTe™ projects on the table

a muon collider with 10-100 fb-! and BES 10-3-10-4 exceed by far the target
hits the target perfectly LEP3 is borderline (and uncertain)
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Electroweak metastability and Higgs inflation (Isabella Masina)

... Lowering m; a0
g3
v § I%1017

IS _ 2x10Y -
N - hich >
V((I) ) minimum higher 8

H than ew s 1017
!t\
All this is still allowed 5

: () pm—=

with low m, (about -20) -

S|
-]
1)
'

~2x1017¢

L1 1| | : | | | I I T | | | |
1017 1019
¢ |GeV]
critical configuration: ¢
minimum degenerate with ew my = ’Ini3 (]_ B Ot) mtc &> 2 deg vaCud

e st e i et E=1ON-MiNiMal coupling
Can we have inflation with just the Higgs |  of Higgs with gravity

SM Higgs potential

| possibly with non-minimal coupling to gravity |
| 277 5.'

5= [dey=g (- L10R+ 10,00 -V(0))
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Elctweak metastability and Higgs inflation (Isabella Masina)

Name of the game

. get ¢ as small as possible
| so that it appears natural }

RESULTS for central m, and o,

C
m¢ — 0.65 GeV m¢ ~ 171.0549 GeV m; + 0.03 GeV
¢ | |
e Pla Pllb ll)l 3000 _P;.'Za P?.b P;?a' P’.?b P.?c P.?d i
: t= : ' 1 S
e stable = of  Mmetastable ! 18
il Q.- i ! ] 2
- C i : i g
2000 =% i ! . E
5\, 15()0:_ E_ N 15005 :' - 8
| £ | [ b~
e |5
: ’ lcritical | S S
500 ] 500 - N=SO 7 i~
) e e s i g W :
oL ! ! 1 i oL ! ! !
-10-3 -10-4 ~1073 -10- 103 10~4 10-3
¢ A.
1) Intriguing coincidence for the values of m,, m, and a, 2) Need BSM for inflation: conservative possibility is a
suggests Higgs potential might be close to criticality non-minimal coupling with gravity, so called Higgs-inflation
3) Higgs-inflation works even (better) for slightly metastable configurations: - upto mt=m+0.03 GeV

-> with smaller value of £, down to 550 41



Higgs potential criticality beyond the Standard Model (Thomas Steingasser)

Near-criticality in the SM

1

1
Higgs Potential: V_g(¢) = V,, — > 2%+ " 5

Vo :

2 .
meff.

Ao -

close to transition

close to transition

close to transition

“Critical values”

“dS”#”AdS”

“SSB"+*"no SSB”

“vgw stable™ " vgy unstable”

\

“Quantum phase transitions”

A

Before

Inflation

R ‘

Self-organized localisation

lNew scalar

Ve 0) = Vo — ~m2(0)d? + —Ag@)* +
eff\'#» 0 9 eff 4 e

A m2 ~ |ﬂ,1(,u1) |/4]2

T / > 1
Inflation

Inflation drives
. ends
fluctuations




Higgs potential criticality beyond the Standard Model (Thomas Steingasser)

C
Critical BSM physics - toy model V() = V. () + ATG¢6 + ...
! Uv

(C)
(d)A( C6 ) =(12\/E)_1° ‘ﬂ,i(/’tl)l
crit.

z — -
S AUV 12

N

Running of A: B; = (4n)2[244% — 6y, + .. .|

/ (b) o vt ,
(a) \ RHN: S, — B, —2Tr(Y)Y,YY )/(4x)
° - \\ \ By, = B, + 2Tr(Y,Y,)/(4x)’
H EWPD + RHN: y; 2 O0(TeV) | pp :

i~ Higgs mass from metastability
= Right-handed neutrino coupling bounds |

.
|
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