R

Highlight and
closing remarks

Okumura + Masubuchi



Run3 and HL-LHC

Run-3 operation in 2023 ITk production status

Japan has a big responsibility on ITk production.

A significant part of strip sensors and pixel modules are produced in Japan

- Predicted @ ATLAS Achieved e CMS Achieved --- Target

- Strip sensor production g‘”""é&r il i
e (e e o S » 6350 sensors to be produced in Japan (out of 22,080) £ / SRR
€ ] » Production in progress (started from 2021) i g E
% - - Production at HPK going well ' ool
é 50‘; - ~60% done as scheduled s |
3 403 Pixel module production L RNE G e e
§ 04 » 2800 modules to be produced in Japan (out of 8372)

g 204 / » Pre-production in progress: important step to validate —_
10 and optimize the long production process
b ] I | I ‘ ] | . | 1 | . + Sensor production completed. Module assembly just started
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec » Production to be started in 2024

Date

Tomovuki Saito (ICEPP, University of Tokvo), Workshop for Tera-Scale physics and beyond 24




Top Quark Mass — Summary Plots

Direct measurements (MC mass)

ATLAS+CMS Preliminary

My, summary, Vs =7-13 TeV  Oct 2022

Mygp [GEV]

LHCtopWG

World comb. (Mar 2014) [2]

B stat total stat

total uncertainty m,, = total (stat syst) s Ret.
LHC comb. (Sep 2013) Lctopwa 17329+ 0.95 (0.35= 0.88) 7Tev 1)
World comb. (Mar 2014) 173.34 0.76 (0.36 = 0.67) 1967 TeV (2]
ATLAS, Hjets 172332 1.27 (0752 1.02) 7Tev @)
ATLAS, dilepton 173792 1.41 (0542 1.30) 7Tev (3]
ATLAS, all jets 1751218 (1.421.2) 7TeV 4]
ATLAS, single top 17222 2.1 0.7+ 20) 8Tev (5]
ATLAS, dilepton 172.99+ 0.85 (0.412 0.74) 8TeV (6]
ATLAS, all jets 173.722 115 (0.55+ 1.01) 8Tev (7]
ATLAS, Ijets 172,08+ 0,91 (0.392 0.82) 8Tev (8]
ATLAS comb. (Oct 2018) 172.69+ 0.48 (0.25= 0.41) 7+8TeV (8]
ATLAS, leptonic invariant mass 174,412 081 (0392 0.662 0.25) 13 TeV [9)
ATLAS, dilepton (*) 172,63+ 0.79 (0.20= 0.67= 0.37) 13 Tev [10)
CMS, I+jets 173.492 1.06 )+ 0.97) 7Tev [11]
CMS, dilepton 17250= 1.52 (0.43= 1.46) 7Tev (12]
CMS, all jets 173.49+ 1.41 (0.69+ 1.23) 77TeV [13]
CMS, l+jets 172.35+ 0.51 (0.16= 0.48) 8TeV [14]
CMS, dilepton 172822 1.23 (0192 1.22) 8TeV [14]
CMS, all jets 172.322 0.64 (0.252 0.59) 8TeV [14]
CMS, single top 172951+ 1.22 (0.77+ 0.95) 8TeV [15]
CMS comb. (Sep 2015) 172.44: 0.48 (0.13+ 0.47) 7+8TeV [14]
CMS, l+jets 17225+ 0,63 (0.08= 0.62) 13Tev [16]
CMS, dilepton 172.33+ 0.70 (0.14= 0.69) 13Tev [17)
CMS, all jets 172,34+ 0.78 (0.20= 0.70) 13Tev 18]
CMS, single top 172,18 0.7 (0.322 0.70) 13Tev [19]
CMS,; I+jets (*) 171772038 13TeV [20]
CMS, boosted (*) 081 0 v 21

* Preliminary
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Indirect measurements (pole mass)

Top mass

LHCtopWG

ATLAS+CMS Preliminary myp from cross-section measurements
LHCtopWG June 2022

wotal ot m,, = tot (stat = syst = theo) Ref.
o(ti) inclusive, NNLO+NNLL
ATLAS, 748 TeV —— 1729 %5 m
CMS, 748 TeV —— 1738 47 @
CMS, 13 TeV —— 169.9 57 (0.1 1.5 §7) @
ATLAS, 13 TeV —— 17313 ]
LHC comb., 748 TeV_LHctopwa —— 1734 37 5
o(tt+1)) differential, NLO
ATLAS, 7 TeV H—=— 1737 37 (1.5 1.4 35) ©
CMS, 8 TeV (*) ——— 169.9 57 (1.1 57 5§) m
ATLAS, 8 TeV [ 1711 52 (04209 ) 0}
CMS, 13 TeV () ——i 1729 34 ol
o(tf) n-differential, NLO
ATLAS, n=1, 8 TeV H— 1732+ 1.6(09 08 £1.2) [10)
CMS, n=3, 13 TeV' [ 170.5 = 0.8 i)
M,.p from top quark decay HrEroomiom  CIORMSTORIES oo

CMS, 7+8 TeV comb. [10] O T I v iivion
ATLAS, 7+8 TeV comb. [11] ) arvi2208.13830 (0/EPUC T o1 804 * proliminary

o e b L Lo e Lo L
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M, [GeV]

Recent results: relatively low m

Getting closer to the absolute stability?

Top mass subtlety

log1oly X Gyr Gpc®]

A0 e

T ” Meta-stability.-|

124 126 128
my | GeV

- my, =125.09 +£0.24 GeV
- m=173.1+£0.6GeV (MC mass)
- a,=0.1181+0.0011

cf.

1 |thC _ mtpole

178
- Am,~02GeV @ HL-LHC
Hoang [2004.12915]

SC, Moroi & Shoji [1803.03902]

log1oly X GyrGpc3]

<1GeV

172

- my, =125.25+0.17GeV

124 126 128
my | GeV

_a®

- m=1725+0.7GeV (Pole from cross-section)

- a;=0.1179 £ 0.0009
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CP structure of Hi

4 Top — Interpretation arXiv:2303.15061 14/

- [ B L A R S
3 2'5: ATLAS —68%CL (Obs) 1 _|g _E’I
G f ®=13Tev, 140"  —sswoL©bs)] g o
i i psramatis ::i z'l: ;Z';; 147 4 Ke: top-Higgs Yukawa coupling
15— e 16 8 strength parameter
- TR + BestFit 1 -5
=TT -4 14 a: mixing angle between the
a 13 CP-even and CP-odd components
0.5 -1 12
C 11
Ce o o GOSN N ATEPRE |
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Limits on EFT operators also shown in the preprint

Higgs CP properties
H->Zzz

1 b b
Luzz = M3(5 + iy/;z,‘zv + ﬁ/,z,mz‘”/ + i/yz,,,,z,,,/

Ly = ==L Hf(cosbep +in® sindep) f

(CP-even) (CP-odd)
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y = 38 7\4ycp_nj8 wCP-SnM et +e~ = Zh— ffh gums -
: — E [ lp<:|>=7d4' ‘E
2 =
2
>
s
3 ’
5 - e
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R 0 2 M.,mmym,\/
APep ~ 4.3°  (theoretically ~1 degree reachable) A ¢ [rad]

@ /5 = 250GeV

Ab ~0.016 (for A=1TeV)

Jeans et al, arXiv:1804.01241
Ogawa et al, arXiv:1712.09772

Sensitivity to CPV operators complimentary to HL-LHC
Blue: HL-LHC, Orange: ILC250

Taikan Suehara, Workshop for Tera-Scale Physics and Beyond, 23 Jun. 2023, page 22

Testing CP violation

» Future flavor and EDM experiments for testing CPV

Enomoto, Kanemura and Y.M,

3 Enomoto, Kanemura and Y.M, 37 °
Blue: B — Xy JHEP 09 (2022) 121 |dyn| < 1.8x10726¢ cm f; JHEP 09 (2022) 121
s 2 Abel et al. [NEDM] (2020)
Black : 1 =
Mep = Acp(B* > XFPD B Red : d, + Cy, case g
—Acp(B® > XJv) & s
=1,
ST -T®) | A Gray : d, — Cy case

TT® +T ) u-mcl

10 0 2 18

hys. Rev. Lett. 106 (2011);

0o 2 4 6 + 8
Belle] Phys. Rev. D 99 (2019);
elle] Phys. Rev. D 99 (2019), 12l 1al

» CPV in the decays of the neutral scalar bosons (|{;1«< |{.| case)
Phase of ¢, would be measured at upgraded LG~ @"mr (uooteand feeys JHEr be (201) e

. HY H2,3 sttt s X Xy (i Theory(d, =0°)

“Theory(d,
. ; Ly
VAL + A@ﬁ /
2057
N ==

e e

3 signal(o, -
e o -

Jeans and Wilson, Phys. Rev. D 98 (2018) 013007 4 2 3 a 5
Ag [rad] 10

event / bin
3 8

arXiv:2212.05833
_ JHEP 06 (2022) 012
Experimental results: Htt

¢ CP structure in the Yukawa term of 1.
LHir=— %KT (cos ¢, T + sin ¢ TiysT)H

¢ Pure CP-odd is excluded but still admixture is possible.

CMS 137 fb~! (13 TeV)

o 12 T T T = FrT T T T T T ™3
80 —— Observed: a1jT" = —1+19 °(68.3% CL) T 7L amas —— Observed: ¢ = 916" (68% CL) |
3 10 799 ” Expected: ﬁ‘;‘x;f =0:421°(68.3%CL) 4+ F Vs=13Tev, 139 fb" --- Expected: ¢ = 0228° (68% CL)
) 7% = 2
8 b sF- /
6F 1 4 3
95.5% 3 3
(955 F ]
2 ]
28 3 1 /
0 I L 1 obs I L L]

=90 —45 0 45 90 -80 60 40 -20 0 20 40 60 80
aH77 (degrees) ¢, [degrees]



Rare decay modes of Higgs

Eur. Phys. J. C 82 (2022) 717 ATLAS-CONF-2023-025
arXiv:2205.0555( CMS-PAS-HIG-23-002
H—2nd gen. particles: H—cc H—Zy

* Upper limit on p=(gobs/0sm): 26 by ATLAS, 14.4 by CMS. e Combination effort between ATLAS and CMS

138 fb" (13 TeV)
AR

T T T T T T T ] . . .
e S Pl = Studied uncertainty treatment, my assumption...
, Merged-j i i 4
i mx:a:;sa =m;—2::::2; E 800~ g::“:;‘?:;m g“m;:; EZ::E% g
Weighted by Higgs S/B B-only uncertainty

— | * The first evidence of the Higgs boson decay to Z and a photon.
Ve L = Agrees with the theoretical expectation within 1.90.

0.3

— SMVH(~ c?) x 26 |

S/(S+B) weighted events
3
8
T
1

Events / 10 GeV (Weighted, B-subtracted)

D e I
15 60: ATLAS and CMS Preliminary ]
60 80 100 120 140 160 180 200 & - =
w L R 2 *F tHe Runz ¢ Da
138 1" (13 TeV) o E —— Signal + background
—— : : . . a8 i (1 3 50 --—~ Background
——Observed -~ Median expected F
ATLAS m=-o cms 58 o xpocs 3 F 1
Vs=13Tev, 139107 “— Expected 4255 95% expected < 40+ —
VH, H - ct —— Observed o n 'g E E
0 lepton ome a:u | ; 30_— . u == 2-2 i 0-7
Exp.= 40 x SM r ]
Obs.= 35 x SM e F ] . .
> 5 o ] .
s l - 20 1 Signi. : 3.70
Exp.= 60 x SM esolved-jet | L i i
Obs.= 50 x SM Expected 19.0 o 2 =a I T I L I T I T I I T I H
g il s
2 lepton oL o r
S al : R SELELL Bhphepret e
. 2T T ,
Exp.=31x SM Observed 9.1 | | _ okl b b b e b by 1
Obs=26xSM | | L | L A 115 120 125 130 135 140 145
0 20 40 60 80 100 oy ,
95% CL limit on orreneszes 5 10 15 20 25 30 3 40 18 mzy [GeV] 30
o Imit o ”vmca 95% CLlimiton ..




Muon anomalous magnetic moment: g-2

-2
2

Tension btw FNAL (+BNL) vs SM (white paper) a, = 9t

apNITFNAL _ gSM = (251 +£5.9) x 107 490

Issues on hadronic contribution

BNLg2 ———+

FNALG2 +——@—+

By e

e

Standard Model Experiment
Average

17.5 18.0 185 19.0 195 200 205 21.0 215
9
a,%10" - 1165900

* FNAL Run2+3 planned in Aug/Sep 2023

Hadronic contribution to photon vac polarization

Traditionally determined by R-ratio (dispersive approach).
BMWc (lattice) reported 2.1 0 tension w/ traditional value.

CMD-3 supports BMWc, conflicting w/ other R-ratio data.

=—f— Lattice —©— R-ratio

This work BMWc —a— E before CMD2
Gérardin et al.3? —s— E = CMD2
Davies et al.® § —a— E SND
Giusti et al. ilt'“' —_— : E KLOE comb
Blum et al."® — -, E —— BABAR
Borsanyi et al. —_——— F——a BES
Davier etal?[ o e E —_— g;s:k
Keshavarziet al | & e E =
Colangelo etals, |~ on No hew:physics E — = CMD3
Hoferichter et al.® i
660 680 700 720 740 360 365 370 375 380 385 390
aoHP (x101) a;™ (0.6<(s<0.88GeV), 10"

-2/SUSY

Constraints on (g - 2), MSSM explanation

» light B, ji
- CB minimum with () # 0
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SC, Moroi & Shoji [2203.08062]

» light B, sleptons m, = R(m; = m,)

- CB minimum with () #0
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SC, Moroi & Shoji [2306.xxxxx]
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WIMP/SUSY

Line Search

102 T
FWW = v(v/2) IC (cored GC)
10725 -
MAGIC(dSph)
T L
Y E A

T F¥ermi(cored GC) 5IC (cuspy GC)

10-2 L HESS (cuspy GC) |

10~ 29 1 !
100 1000

My [GeVl

Direct Detection :

Wino

104 | o

10-50 I 1
10 100 1000 10000

mpy [GeV]

36

CMs |
Electroweakino Search : Disappearing Track Search bt
+ Wino-like & Higgsino-like charginos with Am(7f, 7% ~ 6(100) MeV, oA
decay to neutralino and with long lifetime
> "Disappearing track” as signature o
> Target long-lived chargino from EWK production
* Also targeting strong production (diagrams in backup)
+ Analysis Strategy ( New features )
> Event selection
- Consider final states varying number of jets, -
bjets, electrons and muons ” -
> Track selection | -
. " . v B el @ » Woe
- Require 1 or 2 disappearing tracks
- Use dE/dx to increase senstivity to high mass LSP ) ,;,t e X v B I e e
- Employ ML-based track classification A ot E =
forkshop for Tera-Scale Physics and Beyond Yuya Mino 19

Electroweakino & Slepton Search : Electroweak Combination

Slepton production_ ideal for compressed scenarios _ ideal for semi-compressed scenarios
= “2/3 lep soft”
B (')'/ R 20r3ely
-~ ie] Opposite-sign same flavor pair
Y @\ N - 5) <pro < 30
o .
Gaugino producllunp " e
2o . - “4b HH" “Hadr. WX”
D @ r"ﬂ oy kN - 112b V)VH e No leptons Fully hadronic final state
EoRe] Ruolvez :ndw Hibb) H(bb) H(bb) + MET 22 AK8 jets, 2-6 AK4 jets
v -~ a{lES s (bb) Resolved and boosted H(bb) Boosted WZH
@ \\\ D CMS-SUS-20-004 CMS-SUS-21-002
we » O
ideal for semi (large) mass splittings

+ 2/3L soft (Improved analysis strategy)
» Two major updates to improve sensitivity towards compressed (low Am) regions

- Add new search for slepton production

¢ Hadronic WX (New input analysis)
> Improved sensitivity towards boosted (high Am) W/z/H regions
- Use "merged’ jets to tag boosted W/Z/H

Workshop for Tera-Scale Physics and Beyond Yuya Mino




Charged current flavor anomal

Charged current

B(B — D®71~15,)
B(B = D™¢—1) Leptoquark (b-t) : All Production Mode  XATHAR

arXiv:2305.15962

Rpe

f 0-4 -l LI I LI . I LN . ' L B B I LN I B I LN B B I LI . I | BB B P I T '-
a B 2 _ i .
z F H LAV )= Ldcontouss + CMS observed ~30 excess above m > 1.8 TeV driven by non-resonant mode
[ -
035 S BaBarl2 — > ATLAS results not excluding CMS excess
» elle -
- 30, .. .
5 = THadTHad
03 Y — — . e ATLAS results (All production mode) CMS results (All production mode)
3r : —— o T T T T
B LHCb23 \ S oL ATLAS « ba ones B R SO U
S > Vs=13 TeV, 139 fb™' f N\ Uncertainty < E ATLAS TR Single + Nom-res 'Dbs'l,‘m.hb) E CMS Prelimina 137 fb™' (13 TeV)
C s 7] w L A — gy ] D 35 (s=13TeV, 139 fb" S o 1 = " - -
025 i~~~ Bellel9 1 10° - High biet p, SR Two dot-or fak =+ U (47 x10°S = £ 95%CL B oo 1 £ | Zoemea ™ That® _rem
Tk Q M e = Ziyorrr)eHE - e U (“' % 10 3 3 3 UM model, High b-jet p, only BUE proomodtyBanomales S ----Expected Expected by B anomalies
5 L= 4 I | = 102 1 O [ Interference with SM neglecteg™ Excluded region e = [£168% expected /7ector, p=1, k=0
= 25 2 s ) B
- S ghonsny World Average . : of - :
02 = $HFLAV SM Prediction R(D) =0.356 0.029, ., — 10 : E
B R(D) = 0.298 + 0.004 4 R(D*) =0284 £0.013,,,, ] 15 o = 5
o RD*)=0254£0005 1o a0 020,21 p=-0.37 . : i 7
_I pa bl oo s bl gy g |FRDIOGA2H038508 | | ) |P|(/|)|2|567: P BT l_ ! 1= v /I’; = 3
. £ /' 3
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R(D) s 1 \\\\ \\\\ N “F % E
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3.20 tension b/w exp and SM
Backup
lorkshop for Tera-Scale Physics and Beyond Yuya Mino 31

Need further experiments




Exotic theory for new signatures

No Global Symmetry Example

Statement: No Global Symmetry in QG.

[-.., Banks-Dixon 88, ..., Banks-Seiberg ’10, ..., Harlow-Ooguri ’18, ...]

Perturbative string BH Holography A model [Hook 14] solving the strong CP problem utilizes Z,
symmetry.
There are no discrete and continuous global symmetries.
For example, there are no Z, and SU(2) global symmetries. Standard Model Mirror Standard Model
The Conjecture also applies to new notion of symmetry such as ZZ 1:10«
higher form symmetry and non-invertible symmetry. Prediction: Colored particle at TeV scale. z
Chance to test at LHC. z
The global symmetry at the boundary of the spacetime is OK. 500
(e-g- AdS/CFT) 101 10" 102 108 10 10

<H'> (GeV)

13




Thank you!

We are happy to resume in-person version of Tera-scale
workshop again with you

« Thanks to all participants
- Thanks to all speakers and chairs
« Special thanks to Kyushu University colleagues! (Tojo-san!)

Take care of the way back, and see you
at the next workshop of this series



