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Major 2021 summer conferencCes | 1., saxweiumx

~ B L 2 KOHpepeHLUMm

LHCP2021 —AZ ®B3 2021

The Ninth Annual Conference on Large Hadron Collider Physics/r

9th LHCP,
52 talks (plenary and parallel) - 25 posters - 15 New Results Hapvm(,
~ 6-12 noHa 2021
2617 -
European Physuc lSomety $onference on high energy physics 2021 | /
- [ambypr + DESY,
53 talks (plenary and parallel) - 35 posters - 26 New Results 26-30 nrona 2021
23/8 : ) SUSY, 23-28 asr.
The XXVIII International Conference on H |
Supersymmetry and Unification of Fundamental © PartmaTprBacit
2328 August 2021 Interactions (SUSY 2021)
25 talks (plenary and parallel) - 4 New Results
I:MS Status Report - Sept. 1st, 2021 13/28




BpemeHHON cTaTyC paboTbl boabLWoro
aApOHHOro konnanaepa (bBAK)

LHC /HL-LHC Plan  NERILCE HiLumT Y * AHanM3 NoJHbIX AAHHbIX
' | BTOporo ceaHca (Run 2)

* banskoe 3aBeplieHue
nepunoaa ANUTENbHOMN
octaHoBKKM BAK (LS2) —

o4yepeaHOMn 3Tan
MOJEepPHU3ALUN

Run 2 LS2 Run 3 HL-LHC

ATLAS - CMS
experinent upgrade phase 1

nominal Lumi B iaieoi? ALICE - LHCb | 2% oming Lum
upgrade

Konnangepa v

NEeTeKTopoB
* [loka3aHbl

AKTyanibHbl pU3nyecKkue pesynbratbl, NOJYYEHHbIE C
MCNO/Ib30BaHUEM NOJIHOW UHTErpPasibHOMU 3anNaHUPOBaHHbIE
cBeTumoctu L. ., cobpaHHO BO BTOPOM CeaHce Aanee sTanbl

3



ATLAS + CMS — |
neTekTopbl 0BLLEro HazHaYeHA cenepmamai, ot

pe3ynbTaTos.
A vast physics program ATLAS e AHaNMU3bI
EXPERIMENT
e Physics@LHC is most ambitious and farthest reaching HEP program ever CKOHLUEHTPUPOBAHbI Ha

* Huge dataset with well understood detector performance allows JIRETMSUOHRIBIPOCEPIE
CM nytem namepeHuA

pearkux npoueccos,
oTBeYyalLlWnXx BbICOKM

o Precision measurements Lsm = —%FWF’”" +iyPy+yywi¢+hc+ D, 1> = V(¢h)
» Determine fundamental parameters, probe higher-order QCD and EW effects

o Access to rare processes (e.g. production of WWW or titf)

nopAaaKam pacyetos KX/
» Probe poorly or untested corners of SM (QCD) N aneKkTocnabomn

o Broad search program at TeV scale and beyond (high energy frontier) Teopnn (EW)
& feeble interactions (low coupling frontier) ° I'Ionyqume HOBbIX

» Directly address compelling issues: naturalness, dark matter, flavor puzzles, etc. COCTOAHNU MaTEPUN (|'(|T|,

aZ1pOHbI C HOBOW
o Study of new states of matter —> quark-gluon plasma AP o
CTPYKTYypOW)

Stéphane Willocg (Univ. of Massachusetts, Amhersy 4




cenenoBaHma 6030Ha XUrrca n peKmx
MPOLLEeCCOB

[ EAFPEKI
 Higgs gk @
o Observation of all main production mechanisms / VBF @

o Observation of Yukawa interactions w/ 3rd generation fermions \ (@) ( 1, )
? L 1

o Constraints on Higgs self-interaction via HH cross section @ :;f'

o Observation of all weak boson scattering modes (incl. W*W®) as well as yy — yyand yy = WW

» Rare processes

o Observation of ttW, ttZ and tZq + evidence for titt production and H — £y

CMS: ana 6o30Ha Xurrca uamepeHa KOCTaHTa CBA3M C MKOOHOM -
cnep.cnamna

ATLAS+CMS: N3mepeHuna poxkaeHmna apyx 6o3oHoB Xurrca (HH)




§—. ; . CMS
. Evidence for H — yu Z

* First evidence of the coupling of the Higgs boson with fermions of the second generation | {HEP 01 (2021) 148

= 3 . -1
H = uu candidate in gluon fusion channel 35.9-137 fb~ (13 TeV)
> II| 1 1 IIIIIII 1 1 IIIIIII 1 I lllllll I
Mass = 125.46 + 1.13 GeV > L d
- 7 1; CMS Supplementary wZ v
A - s C »°
CMS Experiment at the | o = L
‘ Data recorded: 2018-Sgiits (@] My 125.38 GeV ',"
% Run / Event/ LS: 32388 E“'|> 107" E p-value =44% ,:" _§
w C .
/ ©
1072 — A
ol ¥
10-3 -:-"' oC '0"'
o
o Force carriers Higgs boson
1072 .n.- o
:III L 1 IIllIII 1 1 IIIIIII 1 1 lllllll 1
% 1_5:II| 1 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII I :
O E i
X ot
§ 05:III 1 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII 1 :

107" 1 10 10
* Signal strength, relative to the SM prediction i = 1.1930:30 (stat)*d: }2 (syst) Parizle mass (Bav)

* Obs. (exp.) significance 3.0c (2.50

ATLAS npegctasunn pesynbstat Ha Talks of Silvio Donato (Mon) and Kerstin Tackmann (To

ICHEP 2020 EPS Conference 2021



First Evidence for H = uu

AN15 PA3HbIX MEXAaHU3MOB PoXKaeHMA 6o30Ha Xurrca
Pa3Hbie TUMNbl COObITUN

Exclusive categories: ggH,

June 7, 2021 CMS Highlights



Higgs couplings to T leptons w S IR ML ATLAS

EXPERIMENT

 Run 2: ~8 x 108 Higgs bosons produced s =—1F, P+ igDyay vy h + he + | Do P Vig)

— - . . LEAELELEN DAL LN DL LN LN DL DL DL B

» B(H — t7) = 6.3 % —> test Yukawa interactions with leptons ATLAS Preliminary H - tc (5= 13 TeV, 139 b
—Total —Stat.  Theo. [Y,/<25

« EXxpt. challenge: 2-4 neutrinos in final state, poor mass resolution Tot. (Stat, Syst)

(@l had) ttH | w=— | . — 1537%  (%ss Toas)

Multiple BDTs used to suppress Z — 77 and 7 background, and
categorize event purity for each production mechanism

+0.59 4050 +0.32
VH 0.95 -0.57 f—o.da —u.a:a)

ggF 0.95 %957 (‘o5 ‘o33 )
o Dominant Z — 7z background from MC, fﬁﬁttér;ffb{ﬁ iﬂﬂlprgv?ﬂgqth VBF 0.89 017 (93 Tiz)
. . . . over Tanalysis in both Lo
controlled with Z — £7¢ data via kinematic stat and syst uncert.  Comb. 092 03 (%957 515)
PP NS U S S T TN ST U (NN N U (NN HAT U U RN SR N NI A AN BN
embedding procedure o 1 2 3 4 5 6 7
0 N (0xB)™*** / (oxB)°
§ [ ATLASPelminary ¢ Dw o § | amAsPolimnayy ¢ omn -
Ra0E el T o % -w] @ QF significance BRENEITNIRLT o iemozxsw 1 ® VBF significance
5 —- é;ibzll;kgounds ] E S0 [ VBF1 A — é}ﬁi mkgaunds_;
@ s0f- it 1 3.90(4.60) obs (exp)  Fuf w1 5.3 06(6.20) obs (exp)
21:-:— : ME :
- ! OO0 ook
1n} QQF 11:~i
0 :, 70T D it H 0 5
£ osf g ¢
2 o 4 ;000000 s OF
e N T TR T PO T ! = T I PR TP B q q
A0 7 100 125 150 175 200 50 75 100 125 150 175 200




nggS couplingS to 2nd gen quarks ATLAS-CONF-2021-021 ATLAS

EKPERIMENT

 Test of Yukawa interactions w/ 2nd generation fermions:  Zsy=-1F, F* +ipDy ﬂw Yy +he+|D «:bl“- V(g)
evidence for leptons only

q H
e Search for H—> cc in associated V(¢¢, v, vv) H production

» Dedicated charm tagging

» Results:
q V/Z
VW( = cq) with 3.8 6 (4.6 6) obs (exp) e
: | 4000 ATLAS Preliminary  --pata 3 4 [ e aen o —Comb (bs)
VZ( — CC) with 2.6 5(22 {T) obs (e}{p) < 13 TeV, 139 1 B VHO ) (=9 | .45 ATLASPFE“I'I"IIHEI’}" <er-Cormb. (6Xp.) E
3500L 4, 1.2 teptons e N 13TeV, 139" _ g.iepion (obs.) :
30003_ 1 c-tag, All SR I VW(— cq) (1=0.83) 7 = VH, H— ¢k — 1-leptan (obs.) :
l VH( — CC) < 26 (%1) JSM obs (E}{p) l Emug :ﬂ&"?ﬁi";'&' : 950 kl<B5at95%CL  _2epion (obs.) :

e Charm Yukawa modifier

Events after B-subtraction / 10 GeV

k.| < 8.5(12.4) obs (exp)

first direct constraint

[ TR I R A AR A NI ATET I AT

60 80 100 120 140 160 180 200
m. [GeV]




DI'nggS prOdUCtion “’m ATL AS-CONF-2021-030 ATLAS

EXPERIMENT

« Direct access to Higgs potential Loy = —%F F¥ 4 i By +y,y; ¢+ he + | D, > = Vigh) "
o Last part of SM needing direct test 9 9999999299990 H
o Small HH XS (ggF 31 fb @NNLO) | . o
H S
e HH —> bbbb (33%), bbTT (7.3%), bbyy (0.3%)
. 0000000000000~ H
e HH —> bbtt channel
+ qofE T Tl
: - o : : i ATLAS Prelimin & Data
o Trigger: single lepton, lepton+Thad, Single Thad, di-Thad 3 10p - iminary — SHHHatem, b
o MVAs (BDT and NN) used for signal vs. bkg S o0 Sone esion el hvdien
B Jet — 7, fakes (tt)
o Z(£¢)+heavy flavor CR 10° i Higgs
w: [ Uncertainty
o multiple fake-tau CRs e pre-fit background

o most sensitive channel to non-resonant HH

JHH/JHH < 4.7 (3.9) obs (exp)

factor of 4 improvement over 36 fb-1 analysis

Data/Pred
- ::.
. JES
-
-
.
I —e— | [

EIIIIIIIIIIIIIIIIIIIII |E
0.5 98060402 0 02 04 06 08 1 @

BDT score



Di-H |g gs pro duction ATLAS-CONF-2021-016  ATLAS-CONF-2021-035 ATL AS

EXPERIMENT

e HH —> bbyy 25M=—%F F*+iwBy+ vy yp¢ +he + | D@2 Vig),

— 10° T
s L i — Observed
= - ATLAS Prelimina —— Observed limit {95% CL) ATLAS Preliminary
I | Vs=13Tev 130 !~ Expectedimiosucl) | OHH / JHH < 4.1 (5.5) obs (exp) YR T A ST Bxpeced £ 20
I . HH:}bBW ! 0 Expected limit +1a - Exideu;w
w 107 B2 Expectedimt 20 1 factor of 5 improvement over 36 fb-1 analysis
> - B Theory prediction abs. Ex
ey % SM prediction . ‘g ' i
S self-coupling modifier «; ——— 63 10

2 27.5-36.1 fo 1| Fras. Lo B 600 (20 435408 |

e
=]
[

Ayl 25M € [—1.5,6.7] s S | -

(exp [—2.4,7.7]) o mif Kooy
. bhTtT” a7 a0
strongest constraint 139 o2 L i

2 5 10 20 50 100 200
5% CL upper limit on & {pp =+ HH) normalised to Oay

102}
b Observed: x; e [-1.5,6.7]
L Expected: x; € [-2.4.7.7]

LI | T T T T T T ] TTTTTTTTT] L |
5- Combined 27 5—36.1 fo=!
10F ATLAS F'I‘B|IH'III"IEIIY - [Fi?sll:;u B BO0 [21::2&}1351&@]

E VE=13TeV,27.5-139fb~! __ bbbbize-13aM~"

| Spin-0 [ATLAS-COMF-2021-035]

a4 __ bbttte (resolved) 138 b

10 F [ATLAS-COMF-2021-030]
o BETY T (booshed) 139

[JHER 11 [2020) 163]

1|.|a|||||||a|||||||a||||l|||||||l|||||||
0908 6 4 2 0 2 4 6 & 10
K3,

e« Search for HH resonances_
o HH —> bbbb, bbtt, bbyy
o HH —> bbbb with both

0 (pp =+ X = HH) [fb]

3 by 138 ™2
10°F _ [ATLAS-COMF-2021-018]

[ToNCK pe30HaHCOB B
cucrteme AByX

resolved and merged topologies OF XUTITCOBCKUX BO30HOB
» Data-driven bkg 10’k EREVAD
» Dominates for m(X) > 700 GeV 1.::";—,?,5,“":"”":", T

200 300 500 1000 2000 3000

My [GeV]



Pe3ynbtat namepenHus poxkaeHunsa nap 6030Ha
Xurrca (HH) 8 CMS

CMS-HIG-19-018

Full Run-2, 137 tb-1 JHEP 03 (2021) 257
Phys_Briefing
=) 3Fr‘;15?oCLupparlmlls 13?”'{131-—9\"1 = 10 c?ﬁimmwnmm AR Pa3H b|e Mexa H M3Mb|
= [ e Cbserved HH—y1bb 1 = —— Observed HH-—=ybb
1D o g[ ----- Median expactad P ] [royih (1] “— Median expectad : P
E2.5g e | B z’:ﬂ? e expeces ‘ pOH'(AEHMﬂ H 6030Ha
ST e | R T onpeaenaTca PasHbIMM
m 1.5: L __ D:
% | i imj aAnarpammamu,
i Vsl ] ”m COOTBETCTBEHHO pa3HbIMU
foofa J s/ ] S KOHCTaHTaMW BEPLUUNH:
Y TPEXOO30HHbIE U YETbIPEX-
Driven by ggF categories Driven by VBF categories

6030HHbIE C ABYMA

o/oswm < 7.7 (5.2) at 95% CL o/Osy < 225 (208) at 95% CL
asyma H

Constraints on anomalous
HHH (ka) and VVHH (czv) couplings In SM: Amrm = A = m2 /202

Banskue pesynbraTbl SKCNEPUMEHTOB ANA USMEPEHMUA ceYeHUs poXKaeHus nap HH



H(bb) H(ro) ATLAS

candidate event EXPERIMENT

Run: 351223
Event: 1338580001
2018-05-26 17:36:20 CEST



Higgs Mass Measurements | CMS |

cms 13713 TaV) T 137 fb1“,3Te"“,r} Run-2 2016, 35.9 fb-1
250~ ' I I I ] {E,'J FH —alnr. m, : 125.:3|E| Ge'-"l All cams;clrias I 1
5 + data = af SI(5+B) welghted CcMS
L I:l H -E' . + Dala
=or + 0 zzz¢ 3 wn — S4B 3 Run 1:5.1 b (7 TeV) + 19.7 fo' (8 TeV) — Total Stat. Only
> | 2 ER ;fﬁ:mpﬂ"ﬁ"‘ 1 2016: 35.9fb™ (13 TeV)
& o] . 2 5 " Cl+2o ; Total (Stat. Only)
2 Z mt ' Run 1 Hoyy — 124.70 + 0.34 ( + 0.31) GeV
; b
L = 10
S Run 1 H— ZZ— 4| ——— 12550+ 0.46 ( + 0.42) GeV
' : Run 1 Combined — 125.07 + 0.28 ( + 0.26) GeV
¢ B0 100 120 140 € 0, W= FL 4 "/
m¢(GeV) 2016 Hsyy W=  12578+0.26 ( +0.18) GeV
2016 H— ZZ— 4l — 125.26 + 0.21 (  0.19) GeV
H—ZZ - 42
2016 Combined — 125.46 + 0.16 ( + 0.13) GeV
myg = 125.26 = 0.21 (total) GeV CMS-HIG-16-041 ___ﬂi______________{_J___
SEE L e Run 1 + 2016 | 125.38 + 0.14 ( + 0.11) GeV
H-— vy I
- - " N w 1 | I 1 1 1§ I 111 1 | 11 1 1 | 1111 | I 1 1 & | | I | | 101 1 | 1 1
* using a refined calorimeter calibration 122 123 124 125 126 127 128 129
m, (GeV)
my = 125.78 £ 0.26 (total) GeV i
. CMS-HIG-19-004 inati i -
Run-2/2016 combination o USSR Combination with Run-1 result
my = 125.46 4+ 0.16 (total) GeV my = 125.38 4+ 0.14 (total) GeV
PDG (1/06/2021) 125.25 + 0.17 GeV
The Higgs boson mass measurement uncertainty ® currently the most precise measurement (1.1%-)
's still dominated by statistics * central value consistently used in CMS analyses

- June 7, 2021 CMS Highlights




Z-boson + jets production " ATLAS CONF-2021.083
Jets p ATLAS
s EXPERIMENT
e Run 2: ~8 x 102 Z bosons produced Lsm = —7Fu " BID Yy vy ¢ +he + | Do | - Vig)
. . . : < g back-to-back =
e Test SMin events w/ Z( — ee, up) and > 1 jet with pr > 100 GeV g ooline { q
o SM predictions w/ event generators up to NLO QCD + NLO EW ﬂ ﬁ{\
. . g g q ]
o Measure cross section in more extreme phase space: = e
. . . . = I ATLAS Preliminary 4 Data, stat. unc. —- SHERPA 2.2.1
collinear vs. back-to-back jet emission, £q [ fF=13TeV18®" STomlunc. - MGS_aMC:PYe
\ % Fe=1ijet —— SHERPA 2211
high jet p; or high sum p i o IEEEEE
F | LI LI I.I T T TT T TT | T TT | T TT | T TT | T T I: | - i - -
o A TSm0 L FTURL,, 8
g 'V E amLaserelminary | + DaasTomine o 2 & [ Zeztje ~-SHERPAZ211 107°F 4 ! :’fz - =
2 — {5=13TeV, 130 5" B eHERPA 221 3 %HD_1 -, —4— MGS_aMGC+PY8 Fxe_; ! . . if
° P < =1t & SHERPA2211  —f 3 o2 - R % 1 1 =3
§ _.?_MGE—E’I‘H}*-PWFIFK; 1:,10 ='==-= E III|IIII|IIl:lllII:IIIIlIIIIlIIIIlII |
4_ 'I:}f_}-'v' i ] 10_3 = — _: EI II|Illllllli|IIII'IIII|IIII|IIII|IIII
0 g_ i _g — — ; © 130 ——f= s = j:+—u| +$1I:$:$le:=*¢
- ; - 10 . 3 3 | L . | | |
3 I — E — _E 1111 1111 111l 1111 1111 1111 1111 1111
10? E = ||||||||||||||||||||||||||||% EUE B ULV DL L L I
: i _ljl}tllr-# : 2 | LI | LI | T TT | T TT | T TT | T TT | T TT | T TT | TTT E 1.5IE | ]
10% & ¢¢,¥ i —= o 3 | % = : g =S SRS e O XN =
= | 3 T e e e e = [ [ 111
- %ﬁ i fge™ 3 ﬁn_ Lo b b b b b b b By > 35 1| .1-|5 2 25 3 35 4
15 - I 5 - ! - '3 g | LI | LI | T TT | T TT | T TT | T TT | T TT | T TT | LI ﬁﬂgnln
RN LR T | _ . Latest SHERPA 2.2.11 and
= e | . ! L, | . | . e s - = .
E 1 T'?Y1 i I'T'T i .TT i l"-J:}T i lT'I D.f: (NN AN N AN AN ANEN AN AN AN AN A AN ANET A AT A MGS_EMG + Pya (FXFX) prDVIde
o i i i i 200 400 600 800 1000 1200 1400 1600 1800 2000 . . .
05 H: [GeV] improved modeling esp. in

Inclusi High- Colli Back-to-back  High-5 . . .
i S S collinear region and at high p

et pr = 500 Gel] St = 600 Gel)




VeCtO r_ boson Scatterl ng Qm CEBN-EP-2021-137 ATLAS-CONF-2021-038 AT LAS

EXPERIMENT

FEm———— )
» Key test of EW symmetry Ln =::Ef'ﬁ:f"‘i:+quﬂw+ Wy w4 +he + | D> = V()
—> vector boson self-interactions q X q
—> cubic and quartic couplings; previously observed all V V jj, except Zyjj
. . . . . q
* Events characterized by jets with large mass and rapidity gap - -
» Signal strength for Zy jj EW production (rel. to LO prediction) ;
o Z—uwv: pgw = 1.03£0.16(stat) £0.19 (syst) 7
o /= £ = 0.95 £0.08 (stat) £0.11 (syst o .
Hew (stat) (syst) most precise with 13% cross-section uncert.
c W®Wr———r——7—— 7T 7T 7T T T T T T T E Bm:‘ T |I:II|I T II_;_IbEIHaI o -
m mi ¥ —_ C ATLAS Prelimina . ]
D wf ATLASProlminary oot wous i T e
= 140k EW Z(—vT)yjj / — v B - Uncertainty L% 600 o Z+jets =
G 5.26(5.16) obs (exp) ‘ EW Zey - SR - E
w120 = . E p B strong Z+y 00 Post-Fit WZ —
100 ; S W EW Way 4[}05_ Z —_— f/ﬂf Total unc. _E
B Strong Wey = —
80 Wy 300 =
. — 105 (11 0) obs (exp) E
Moy 200 E
40¢ M jet—y 100
20 M jet—e
Boah
o 12 T ki \ \
g o 5 ST \
0.6 O

", R N ", L o W
A ; : ] 0.9 —
-8 Data/Postfit § Llnl;jaint!.r | —PrefPostht 0
. : . m. [TeV] o= .
025 0.5 1.0 15602505 10 15 5025 0.5 1.0 15 G0Z5 05 10 15 G026 05 1.0 1.5 6
¥ Y ? I 200 1000 1500 2000 2500 3000
Fake-e CR W, CR Wﬂu CR zFleu.Gen. CR SR- m; m; [GeV] @



WWW prod uction w ATI AS-CONF-2021-039 ATLAS

EXPERIMENT

n ) - L r
» Rare process providing access to W/Z self-interactions Zsm -:—}FWFWLHWH W+ s Wb +he + | Db — Vi)

—> cubic and quartic couplings Ll

Channels: W*W*W7F — ¥ f*vqq'  with £ = e, u ?"—

L
+ + + 'E“W nma Prafei #Oata  CJWWWiR= 155]’ % ATLAS Prei eDuA  CIWWW=1 66
— f L f L f L 13Tn:133&1: oz |, Sierponet ] B G . 13 Tev, :;umlr; WWZ  Eon-promp;
9“‘" -Dlmr Dﬁmm-} 1 W Fsaepe .55?." Dam.ﬁ ]
B0 Pogt-Fit - Pre-Fit Bingd. | 250—Pul-Fl Pre-Fit Bhpd. =
e Main bkg: WZ — v £¢ estimated w/ control regions &
e Signal extracted w/ BDTs for 27 and 3¢ channels
* First WWW observation with 31t L T
Slgnlflcance Of 8'2 6(5.4 (}-) Dbs (exp) ‘%usﬂ a1 02 03 o4 05 06 OF 08 08 1 EDEII 01 02 03 04 05 08 07 OB 08 1
a 2|BDT output O ~ 2/BDT output
I - I = NN B - A
U(pp —> WiWi [‘[‘ ) — 850 i 100 (Stﬂt) i 80 (S}'St) fb Emu;_::g:j;r':::“a?;' iﬁw E%ﬂ% I?j‘m ;‘R;nv1mm|3 -EZH Erwgaﬂr:t
— 10| PastFi -~ Prg-Fit B, - ggE—Pml-H ey
signal strength : 1.66 +0.28 ' e b B 37
SM for WWW + WH : 511 £42fb at NLO QCD i
: B '
ﬁ ’ 2| BDT output ﬁ S 3 BDT output




CMS PoxkaeHue Tpex BeKTOpHbIX 6030oH0B VVV

CMS 137 fb' (13 TeV)
Observation of VVV | : e BDT 1otal stat
. : | ' + Sequential-cut +0.26 +0.21
prnductlnn (5_?0-)1 Combined | _TI_._ 1.02 T35 T
evidence for WWW and | | 045+
www | e 1.15 "54 0%
WWZ (3.3¢6 | |
{ ) WWZ B e 0.86 537 0
: ' +1.92 +1.78
CMS-SMP-19-014 Wzz | ——— AR
PRL125 (2020) 151802 277 _ — <54 |
Phys. Briefing
0 1 2 3 4 5 6

Signal strength p



Wt(etv) WHetv) W—(uv)
candidate event

EXPERIMENT

Run: 349169
Event: 1043374730
2018-04-30 01:58:32 CEST



Top-quark prOduction m ATLAS-CONF-2021-031 ATLAS

L EXPERIMENT
e Run 2: ~1.2 x 108 #f produced Zsm= =~ 1Fu " HITD Y vy + e + | D = V()

o Test SM at high pmp where deviations expected from BSM, measure both ff system and radiation

o Reduce jet energy scale uncertainties by using mass NNLO caleulation

5‘ I ! ! ! ! I ! ! ! ! I -

. o ATLAS Preliminary  * D@ ]

o SM predictions at NNLO QCD + NLO EW S I B 13Tev, 139 fp" P e wemvamen ]

\ - =" Boosted — PWGHT ~ == PWGE+HT (nnlo ree.) E

e |+jets channel: tt - Wb Wb — €ub qq'b g, Fiducial phase-space T MeanermEmeny
-g_ 1 D_z Slal unc. Stat. +Syst. unc. _§

o Reconstruct hadronic top as reclustered R=1.0 anti-kt jet & top 3

® o py - spectrum too hard -

w/ p; > 355 GeV, |n[<2.0, and mass € 120-220 GeV for NLO evt generators -

104 but improves with .

of reconstructed hadronic top 30" amas preiminary "« 0as '~
Eznm:— Is=13TeV, 139 fb™ E%M packground ]

—> jet energy scale factor § 1000 Boosted (JSP=1) R
—> ~30% reduction in ooy, ol | &

Sy 1200 E

. . . 1000/
o Differential cross sections 800 o
: . 600~ . P Prs [GeV]

provided for 16 variables “00E o Difficult for NLO evt generators
(8 for the first time for boosted top quarks) EUUE to model additional radiation

=

W:M
:
l
<
:
il
i
o
Q)
O
-
@
R
=3
7
O
AN
O
@
Q
0
-
m
!
_I

Data/Pred.
=

EU 140 160 180 200 220

Reconstructed-level m ™= [GeV] DperatDrS @ G and ((8)

-




Single-top quark polarization

ATLAS-CONF-2021-027

ATLAS

.__do
O dcos 0,

Pred./Data

e t-channel dominates single top-quark production

@

u > -

W

b » >

e High polarization expected from V-A structure of CC
weak interaction + test BSM impact on tWb vertex

t

i

L1

i) - -

t

b o -

e First measurement of polarization vector in 3-D
via angular distributions of lepton (e or u) from t — bfv decay
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Top-Quark Mass Measurements CMS

In the SM, the value of the Instability Scale A (> 109 GeV)
Run-2 2016, 35.9 b1

depends on Dts(mz) and the 'l:op-quark mass f'ﬂ{'t]' CMS-PAS-TOP-19-009
ST — L b (13 TeV)
E F ]
From tt events @ CMS Preliminary & Dala § CMS Preliminary
« Run-1 legacy E L Mo 1| e W Do
[19)
L [ twW, s ch. .
m(t) =172.44 £0.13 £ 0.47 GeV WV« jets, WV S, i et (13 ToV) X
r [Jaco 7 CMS, 1 cilepton (13 TeV) Ly

5o stat @ syst

CMS, i l+jats (13 TaV)

* Run-2 lepton+jets
m(t) = 17225 £0.08 £0.62 GeV

ATLAS, comb, (8 TeV)

CMS, comb. (8 Ta)

Esi R . CMS, single top (8 TaV) 1
CMS-TOP-17-017 -:nl&&lmih‘*“ii—' prevjous
25 C L mu RS0 280300 350 400 R T | R N T 7
><1§;CMS 35.9 b (13 TeV) m, (GeV) m, (GeV)
" mmticomect | indlet .
7ol =:}f_‘;;':;‘ -{"r'.ri'fi'&‘ 5 From single top events
60, v paa et & ST Alternative methods

Different phase space, different

50- ; 3

_ _ . . . .
kinematics, and separate S B L R T

measurements of top and anti-top: endpoints, b-hadron lifetime,

Data/MC Permutations / 5 GeV

o m(t) = 172.44 +0.77 GeV {+SecVitx, {+]/y, ete.
o m@®/m(t) = 0.995 + 0.006 * less precise but different systematic
by e A " A B . rtainties
05400 200 B0 400 e m(t) —m(t) = 0. 83“;'3? GeV Hneertaintie

® in agreement with main measurement

mf* [GeV]

- June 7, 2021 CMS Highlights




Running of the Top-Quark Mass CMS

"Pole” mass from multi-differential cross section measurements

* in e*p~ final state

. - - . R Run-2 2016, 35.9 tb-1
* as functions of mass and rapidity of the tt system, and jet multiplicity o

* unfolded at parton level CMS 359 1" (13 TeV)
* compared with NLO predictions in MS scheme POR RS ABMP16 5 nlo POF sef
E” -8 : pm=4m_e?eﬁ.r
. CMS-TOP-18-004 5 106 : By =M, = 163 GeV
m(t) —_ 1?0.83 + G.?Q GeV EP.JC 80 (2020) 658 = - 2 I
1; ______ St -_:i_.: — ——— —— - Hoaf = 476 GeV
. . . . ok ! Vi
Evolution of the top quark mass from the differential cross section :
. u [] MLO extraction from differential ¥,
as a function of my; 09 o Referencescale=p t
t C [] MLO extraction from inclusive o,
CMS 3597 (13 TaV) 0.85- One-loop RGE, n, = 5, u(m ) = 0.1191
8 ! : 200 a0 e00 800 1000
o - ol Data unfolded to parton level
do-/dm § soop t Data unlolded to paron leve CMS-TOP-19-007 w[GeV]
f/dMg = E— PLB 803 (2020) 135263 _ _ _
E os0f ¢t :qup’jdnﬂn‘:’;s'" MS scheme (2020) uncertainty evolved from inclusive
o= L ' measurement at scale y; = 163 GeV
o 2000 ) ABMP18 5 nlo PDF sel
- ! q
15{'3_ my(m) = 162 GeV _
ok m;gm;}ﬁ;égﬂ Top-quark running mass probed up a scale of order 1 TeV
- * compared to RGE prediction at one-loop precision (ns = 5)
50 e L — ; ) ..
h * scale dependance found consistent with predictions at the 1.10 level

T B PRI T ST B N P I I I S
200 400 600 800 1000 1200 1400 1600 1800 2000 . .
m. [GeV] ® no-running hypothesis excluded at the 95% CL
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Flavor anomalies ATLAS

(diagrams by LHCb and D.Zarzi)

EXPERIMENT
» Recent results from B decays indicate deviations from lepton-flavor universality

BB — KOutu- . BB — DO

B~ KOw'u) g rpoy = BB = DOw)
BB - KMete) BB — DO¢v)
o Vector leptoquarks a potential explanation

o R(KY) = (with # = e,u) both disagree w/ SM at ~3¢

ATLAS-CONF-2021-008

LOLQ; production (Yang-Mills scenario), LOT -k /v,
e e e e e B e

o Search for LQ pair production* (other relevant searches not covered here) ? ”E_ ATLAS Preliminary
5 F V5=13 TeV, 139 fb™, All limits at 95% CL
_ : 3 o8t
o Trigger on E;™* + require offline E;™* > 280 GeV, ?F [ Becedimritie,)
t@ = 2 Opserved limit (+10,, )
0.6

1 Thad, = 2 b-tagged jets

- p v 0.5
° Main bkg: #f and single top from CRs L?i,L v(7) osf  VECIOr LQ

: interpretatieqm

- 0.3
o m(LQY) > 1.8 TeV LQF%T wroe
] P 3 A
0 v = l T R el I
for (‘%(LQB — bT) ~ 0'5 t b PIEII:II I IE{H}I I IB?[H} 1000 1200 1400 1600 1800 2000

m(LQ) [GeV]

o Addresses R(D") anomaly at ~expected scale

* search also targeting SUSY stop to stau production



Lepton f|av0r Vio'ation ATLAS-CONF-2021-042 arxiv:2105.12491 ATL AS

E}(PERIMENT

e Run 2: ~8 x 109 Z bosons produced 7 =Ly hS"Bsm

« Lepton flavor violation only observed in neutrino oscillations, ~negligible for £+ in SM
« Z —> e search based on m,, w/ reduced uncert. normalizing to Z—>ee, py

e Z —>eT, | Tsearch w/ NNs to suppress Z — 77, tf, VV & W — £v + jets bkg

> W ogppf T T T T L
20000 , . oo ol T TTTTTIITIIITTITTETTT S - ATLAS e Daia -
g 1800 ATLAS Preliminary = y © T (5=13TeV, 139 -;ﬂft':'p'ﬂn
- 1 EUU; (s=13 TeV, 139 fb” ; SZ::I Beckground = Neutrino mixing / % EQUU—ng-pT SR, ut, -f_;é'uam
a 14UU?’" - R Zostr E BSM-induced vertex L% - . : e 3
3 121:11::rf—'"’:iq m """""" o E \ 100 MT final state 299 o e, 2
L - : === Remaining Background - - . 4
10001 ﬂﬂ. <. Signal at limitx 20 VA . O
8001 o — .
o hﬂ. eu final state e3 . 1000
E 7 , i
o T Z — ftsignal 500
i 12 ¢
I SRR X X | H+++ 1t 125,
a U_Q * *ﬂ 4‘++ 1 ++ $+ + # Upper limits at ATLAS LEP E 1.125
08 t ot 95% CL =
70 75 80 85 90 95 100 105 110 17 x 106 R ~
Mg, [GeV] B(Z —>e ) 0.34 x 106 OPAL 01 02 03 04 05 06 07 08 09
e LEP limits surpassed by factors 9 8{ 1}0 Combined RN outpu!
-8
B(Z —>enT) 5.0x 106 -G X
of 5 (Z — eu) and 2 (£ — ez, ut) (OPAL)

i 12 x 106
B(Z —>puT) 6.5 x 106 DELF e




Test of t/u and t/e Universality in W Decays

CMS

Using tt events in the dilepton channel, select relatively unbiased samples of on-shell W bosons

.. . . - -1
Trailing lepton pr used to discriminate between e

prompt W = e/p decays from W = T = e/p CMSPAS.SMP-18.011

decays in ee, Py, and ep events . .
Branching fractions W = e, u, T

CMS Fratiminary 35970 (13 TeV)
1 15 CMS Protminary asom ' (13Tev) & CMS
e, B CMS LU [88%/95% CL)
# LEP
LEP ZJ-\“DLF} W —_ E:IJE J1 103 £ 0.10)% LEP LU
1101 P Py
L s wi LU
1.08- &) o BrfW — ) = (10,80 + 0.08)%
sz Al e B — h) = (67,22 2 0.23)%
< —— .
=5 . W = v, | cossoon A long-standing LEP
ol ATLAS . .
T — “tension” (>2.50) is
« CMS
0.95- « LEP
CMS S CMS LEP/ADLO gone
—
CMS (1D}
090 5 098 .ngm_‘wl.ns 110 1.6 W — TI.J’T DT
B e
Tfe 0100 0,105 0110 0115 0120 0125 0150

Br(W — fv)

result consistent with SM and with recent

ATLAS (most-precise) T/ result CMS LU result is consistent with and

improves on LEP/ADLO result

- June 7, 2021 CMS Highlights e




CMS

Ratio to NNLO CT14zNPEEW

LS

Jet differential distributions

* Several analyses measure multi-differential distributions of inclusive and multi—jet QCD events

* Distributions are unfolded to particle level

Inclusive jet cross sections double differential in

jet transverse momentum p; and rapidity y
CMS Preliminary

-
=
o

36.3fb" (13 TeV)
— \ Al

> I Anti-k (R = 0.4) ]

O 1k CT14 NNLOJET @ NP & EW

= = . Iyl <05 [x 1::-“11 ;

a F = 05<Ilyl <10 (x107) E

10" = a 10<lyl <15 (x10% 1

= = " e v 1.5<lyl =20 [ 107} e

-:"P_”]g e S !

a V" - L
il N =

--..u, !-_'_ i — ++ -!

g 1 L, e - 1

:BG i l_._—o—_-_‘i‘ _-_—.—.'-""' i

o S e, e e, !
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107 - —¢—‘_‘_ L +'-I-+ :

r e LAeS
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r e o
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r N

1U-1ui . | . ]

100 200 300 1000 2000 3000

Jet P, (GeV)

CMS Preliminary 36.3fb" (13 TeV)
14} Iyl < 0.5 L 05<lyl <1.0 L 1.0<lyl<15 1.5<lyl<2.0
1.2} L + i
085  Antik, (R=0.4) [ T

O Tot. exp. unc. -~ NNLO PDF unc. +

06 -+ Data (stat unc.) — NMLO scale unc, - — H; scale + 4
100 200 1000 100 200 1000 100 200 1000 100 200 1000

Jetp  (GeV)
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2100
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>
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S

g 1.1
3 1
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Cos-
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CMS Preliminary

CMS-PAS-SMP-20-011

Improvement in the gluon PDF determination with CMS measurements:
jet and tt differential distributions

Hessian uncertainties

27 vema DIs

[ HERA DIS + CMS 13 Tev

2 = m2
pe =

ag = 0.1177£ 0.0036

m,= 1702+ 0.7 GeV

from the fit

107

107"
X

as(my) and m,
are also obtained

Constraints are also derived on SMEFT Wilson coefficients
by fitting them together with PDFs, a¢(m;) and m;

Talks of Patrick Connor (Mon) and Paolo Azzurri (Wed)



Search for Heavy Resonances CMS

Full Run-2, =137 fb-1

Dilepton resonances Diboson resonances

CMS-PAS-B2G-19-002

137 b (13 TeV) 140 fo' (13 TeV) - 137 1613 TeV)
} "r"l T T T T rrry T T T } T T T L |||r T T T T T T T T T T T L
3 '0°r cMs IiID'?Zm . - 133 SR IEI DE'E ~ CMs & 500 M. } . HP, nobb, LDy
= WL —e's = W U’ ary 1 .
P m AL (W, WW, WZ, ZZ, tt w100 E i, W, WW, WZ, ZZ, = iy ¢ Data ] WW, WZ, WH in
5 [uets § 0 [1Jets £ 400 WV ]
& . it [ Total Background (NF) g EWets lepton + merged jet
— Gy, K, = 05, M = 3.5 Ty — ., W, = 0.05, M= 3.5 TV W 300 1
s - Zip M= 5TV : final state
10-1 1
10°? " 1 imuon channel
10°° s ]
10 |||||||,\*""nﬂﬁ |i"-}|'|":1
5 e \ = 1 A .
5135:' : SRR -9 & I = ;jg..-u---.-..-..n.‘..mun*-+++' 2 no b jet )
= nEe TR TN, [/ ] S = s erremesssmarasak S | “l. 4 et o UE L3 _ ——— 137 fo” (13 Te¥)
5 o 7 . ] & .:..1 i ] 20 40 &0 BO 100 120 140 160 180 200 o I T T I I
| S o RN B Y, I — m,, (Gev) & 1 ; s W WH, HVT model B
§ 70100 200 300 1000 2000 = 200 300 1000 2000 ] f Prafiminary
= miee) [GeV] & i) [Gev] = 95% CL upper limits
_T 10 e (hserved _
137 o (13 TeV, ee) + 140 ib™ (13 TeV, up) Lir ) - - f -m':gzzf:w
=y . T T T T T T T >< )
= 1 — b, 95% CL ik Imits on cross section S A P
3 107 ., weseex Exp. 95% CL limit, median translate into limits on S
T " I Exp. (68%)
X 1g2 resonance masses 10
M E
RS " N i
=] —3 -
= 10 . 104 3
5 CMS-EX0-19-019 depending on models T R
= Submitted fo JHEP . . . 1000 1500 2000 2500 3000 3500 4000 4500
& 107 new W' or Z' resonances with m,, (GeV)
= Phys. Briefing
. __ masses up to > 4 TeV
1D i L 1 L. i 1 P - 1 1 | i 1 I d d FGCUS nf Run-s: searChes Fcr
1000 2000 3000 4000 5000 are exclude _ _
m [GeV] long-lived particles (LLP)

CMS Highlights



ALICE — n3yyaeT KIT1 (KBapK-rAtOOHHYIO
naa3my) u apyrme asneHma KX/1

Exploring QCD with ALICE (3)

KX/ 8 pp u p-Pb

Beyond QGP physics : B3aMMOAENCTBUAX
QCD in pp/ p-Pb Photon-nucleus scattering * Pa cCeAHUue
Charm hadronization \T\ /r/,' BU pTy a/1IbHbIX
Jet fragmentation — O Z_»
- - | | $dOTOHOB Ha AApax
el cam I\ e @
sy, (. CBMHLA
S /I v
NG I\ * CBOWUCTBA N1IETKUX
Properties of light nuclei Nuclear force between
and hypernuclei (unstable) hadrons H,ﬂle p nrune pﬂ,ﬂ,e p
D Emission source S(r‘){ 7\::(\:,_?—:_, p-Q- () ﬂ.ﬂle p H bl e C Mn bl
?\H structure o &}
I MmexAay

HecTabuibHbIMY
EPS-HEP 2021 | Highlights from the ALICE experiment | K. Reygers a Iﬂl p O H a N\ M

aine](3He) for indirect
dark matter search




ALICE — nepBoe npamoe HabatogeHue sapdeKTa TEMHOTO
KOHYCa ANA TAXKEebIX KBAPKOB

Direct observation of the dead-cone effect in QCD (2)
Significant suppression of small-angle splittings for small Echarm

6 (rad) Y. L. Dokshitzer, V. A. Khoze, and S. I. Troian, “On specific QCD properties of

0.37 0.22 0.14 0.08 heavy quark fragmentation (‘dead cone’)”, J. Phys. G17 (1991) 1602-1604
E I T 1T 1 | I I 1 I | I 1T 1T 1 I 1T 1 1 dnl.dln 1}'9'[)061:5
E - 5< Enadiator <10 GeV - R(Q) — . kT > chd = 200MeV/c
1.5F : dn/dIn1/0 |inc].,jets
-=-= PYTHIA 8 LQ/ inclusive
1 |
m szzzzs=k==z==z:] ALICE Data no dead-cone limit
01011 1 — PYTHIA 8
—— ‘ ~ SHERPA - - - SHERPA LQ /inclusive
no dead-cone limit
05F o -1
o Dead-cone effect results in
0 P T N T N T M N M N O Y N O B AJE;D < A’E:C < A’E:Ll,d,s iﬂ the QGP
1 1.5 2 2.5

- = . ”
[n(1 /9) arXiv:i2106.06713  talk Vit KuCera
EPS-HEP 2021 | Highlights from the ALICE experiment | K. Reygers 25



arxXiv:2106.05713
dddeKT npeacrtasaeH Ana ctpym ¢ DO

The observable used to reveal the dead-cone is built by constructing the ratio of the splitting angle (6)
distributions for D'-meson tagged jets and inclusive jets, in bins of ERadiator- This is given by,

R(6) =

(1)

1 anDJEtS / 1 dpinclusive jets
N[}Djets d]n(l/e) Ninclusive jets dln(l/@)

kT, ERadiator

where the 0 distributions were normalised to the number of jets which contribute with » splittings (where
n > 1) for the given ERadiator and kT selection, denoted by N DYjets ppnd Ninelusivejets for the DO-meson

tageed and inclusive jet s < he
angle is natural given thai () to
In(1/6)In(kt). e

Fully reclustered jet

= Charm quark
* Gluon emission vertex
-~ Emitted gluon

8,5 8:> .50,
ERadiator,l > e > ERadiator:S

Dead-cone effect
Gluon emissions are
suppressed in a cone

with 84c = mg/ERadiator




Dead cone effect with heavy-quark Lund Plane

—p Projections of the Lund plane of heavy-quarks make the
first direct measurement of the dead cone possible!

e — —p Pattern of the parton shower is expected to depend on the
Déat) Gona angle'\HO B mass of the initiating parton.
_ 8 ALICE Data -~ PYTHIA8LQ/ inciusive pp 15 = 13 TeV p‘,"m"'::“'_"“ >28GeVic
—p Gluon spectrum emitted R chargedjots, antiky, A=04 Ky > Aogp » Acco = 200 MeVIc
from a heavy quark — sHgRpA -+ SHERPALO/ inclusive C/A reciustering in| <05 o
suppressed in within a cone 037 02 014 008 02 014 008 022 014 008 008
. s T TP I TV T [ | X gt =g l B2 pt o= 5-8-9-5 l 3-8 -B-8 ' | 51 3B l | JIT tm oW LI LA ' 3 -¥-0: @ [ L 94 W l | AR Xt )
of m/E from the emitter —» |& 5 < Enpun < 10 GOV 10 < E s < 20 GoV 20 < Epygun < 36 GoV
15 + 4+ esssssw Prrnamnd
dead cone effect! srsmssneneenes _
N ssssssshssnsans s22%2s 000 | smsmess T -
. . . 1 sedhees + t
—P Suppression of splittings at - S 4 r—
0 . - T
low angles for D" jets ost T <
Compared to lnCIUSIve JetS! o A A AL l R l P& l CRU G T LA AL L l LA L AL l RARLE R l LA L ) LA L L l LA L L l LA Al L l AR
1 15 2 25 15 2 25 1.5 2 25 3
- ALI-PUB-493419 In(1/8)
ALICE, arXiv: 2106.05713

Hannah Bossi (Yale University) QCD 2021




ALICE noKa3biBaeT U30bITOK poXKaeHMA BapMOHOB C
C KBapKamMm B pp B3aMMOAENCTBUAX NO CPABHEHUIO
c e*e” 1 ep B3aMMOAENCTBUAMM

Charm hadronization in pp (1):

More charm quarks in baryons in pp than in ete- and ep collisions ALIGE

0.7 arXiv:2105.06335 talk Luigi Dello Stritto

o
=)

Fraction of charm quarks
e o e @
Mo x

o
Y

= ALICE, pp, /s =5.02 TeV

+ LEP,e'e, \s=m,

o HERA, ep, PHP .
— — PYTHIA 8 Monash —

HoBble aBneHna KX/

NPV aapoOHU3aLNN C

Charm quarks hadronize into baryons 40% of the time

~ 4 times more than in e+e- KBd pKa B pp
H, flc — Ho)[%] CoyAapeHUnNAX

DO 39.1+41.7(stat) 3> (syst)
Dt 17.341.8(stat) ] 7 (syst)
D 7.3+ 1.0(stat) {7 (syst)
A 20.4+1.3(stat) TS (syst)
20 8.0+1.2(stat) 33 (syst)

EPS-HEP 2021 | Highlights from the ALICE experiment | K. Reygers
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Charm hadronization in pp (2)

Competing theoretical ideas

Color reconnections

String configuration that
minimizes potential energy

Before colour reconnection

q
q

q
q

After colour reconnection?
(f

q

.
<

Christiansen, Skands,
JHEP 1508 (2015) 003

Quark coalescence

in phase space

Convolve quark distributions and
hadron wave function

Assumes a high-density partonic
system

9.9
°%9,
d 30 (d)

|
®-

Plumari et al.,
Eur.Phys.J.C 78 (2018) 348

PaccmaTtpuBatoTtca

SH model + RQM
TPU TEOPETUYECKUX

noaxona

Independent statistical
hadronization + extra charm-
baryon states predicted by
rel. quark model (RQM)

0=¢c Q=bh
U7 Qdsae M M=P(1] M M [1]
i 1§ 2476 2470.88(;) 5803 5790.5(2.7)
1 28 2959 6266

W 38 3323 6601

ORS! as 3632 6913

L1 +) 58 3909 7165

CRS! 65 4166 7415

) 1P 2792 2791.8(33) 6120

14N 2P 3179 6496

(many states ...)

He, Rapp, PLB 795 (2019) 117

EPS-HEP 2021 | Highlights from the ALICE experiment | K. Reygers 27




33aBUCKMMOCTb 3PPEKTa OT P, aAPOHOB

Charm hadronization in pp (3)
AF/DY ratio in pp significantly different than in e*e-

arXiv:2011.06079 arXiv:2106.08278

D0.8|||||||||||||||||_|||||||||_ A+MdC—>K_ﬂ'+

= ALICE o pp, s=5TeV c (udc) = p )

<07t <05 « pp, /s=13TeV — pK¢
0.6 e PYTHIA 8.243, Monash 2013

PYTHIA 8.243, CR-BLC: Measurement of charmed hadrons down to

....... Mode O ------ Mode 2

0.5 unprecedentedly low pr at midrapidity
------- Mode 3
82!;‘;}2@“' Charm quark fragmentation not universal!
. QcM

Standard PYTHIA 8 below data

Fair description by
» PYTHIA 8 with CR
» Coalescence + fragmentation (Catania)

\ \ o . :
. ~
IIII|IIII|IIII|IIIIlI|IIII|I.III|I|.II|IIII

IIII:FIIIIlIIIIlIIIIlIIII|IIII|IIII|III

5 10 .15 20 25 » SH mode + RQM
. p; (GeV/c) (T =170 MeV, additional states crucial)

o
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Charm hadronization in pp (4):

=./D" not described by models that get A /D" right!

Baryon-to-meson ratio
o O o

o ©

O

arxiv:2105.05187

talk Luigi Dello Stritto

6 ! L | I I I
- ALICE . 2YD° BR unc.
5 PP, Vs =13 TeV, =:/D° -
B [V <0.5 vy SHM+RQM
- -w=w« Catania (coal.+fragm.)
4 = —
L S 1 N QCM
H PYTHIA8.243 1
3 — Monash  —
[ - Mode 0 i
B $ Mode 2 :
o ‘EEL:%} — — Mode3
0 : ] ] 1 1 | 1 ] 1
0O 2 4 o6 8 10 12 14
p. (GeV/c)

il f
=, (dsc)

v,

="
=t

—>
—

PYTHIA 8 with CR (mode 2) below data,
even though this model describes AF/D

Coalescence model comes closest to data

EPS-HEP 2021 | Highlights from the ALICE experiment | @



Hypertriton in pp and p-Pb

“H/A yield ratio consistent with formation through coalescence

arXiv:2107.10627 talk Janik Ditzel
< Illll 1 1 lllllfl 1 I lllllll 1
E | | ALICE p-Pb, 0-40%, |5, = 5.02 TeV
™ <1 0_5 B . = | ALICE Preliminary pp, HM trigger,/s = 13 TeV N
~ [ ] ALICE Pb-Pb, 0-10%, {S, = 2.76 TeV 7
[ BR=025£002 .o
new
10° ; =
~— 3-body coalescence -
** 2-body coalescence |
—SHM, Ve =dV/dy
= SHM, Vc = 3dV/dy |
TN L Lol 1

10 — 10? 10°
(dN_ /aln)

In|<0.5

ALI-PREL-495342

Obpa3oBaHue
A rmneptputus 3,H

Formation mechanism provides insight into
hypertriton structure
(in addition to lifetime and /A separation energy)
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Unprecedented precision in proton-hyperon interactions

35 | %_/
P 16l ALICE data P-=

/?i,,?{; _. Correlation peak at small ° - {‘ Bl Coulomb B 1o

> » . momentum differences: s Coulomb + p-& HAL QCD 1=

" = signature of interaction °F coulomd+ p-6r HAL OB elaste EEN

= 9 :s_{ s I Coulomb + p-© HAL QCD elastic + inelastic § 03

.3 ERS

1.5 ] 4_;

C . g
* Proton-hyperon strong interaction poorly known E | | :
_ _ B e S A S e e —t
* Measured in ALICE: momentum correlation of proton- b E
hyperon pairs from a source of known size [1] P-2
6 3 3
» Latest result [2]: precise measurement of attractive strong 1o ]
. . —_ 5 =
interaction for p-=, p-Q R T I R I
i ; : 3 C g 1 == 1 ]
—Direct comparison to lattice QCD s ‘F . ==
—p-Z important for neutron star EoS 3E ""J oe e i 1 -
! 1 C [-4-1 . 3
* More to come in Run 3: d-A. p-X. Q-Q 2 +c+] K (Meie) E
1 . :
[1] Characterizing the particle-emiting source using femtoscopy in pp collisions / A. Mathis L I l b
g&. [2] ALICE measurements of =- and Q-nucleon int. and constraints on lattice QCD potentials / O. V. Doce 0 100 Kk* (MeV/c) 200 300

Al I''F Hiohhiaht= - ICHEP 2020 - DD Chinellato



Inelastic cross section of d and *He (3)

First-ever measurement of the interaction of antihelium with matter
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!

@ [‘ T I I T I T I T l T I T l T I T
= i ® ALICEon<A>=174 —— ——  Geant4 i
T 20 ]
_ | O ALICEon <A >=31.8 — ——  Geant4 o
2. [ .
5—16_\ I 5XALICEon <A>=347 —— — Geantdx5
X . ]
12 P_\ @ ALICEon < A > = 17.4 95% confidence upper limit ]
E X ALICE Preliminary _
L g -
8| -
4 i
B~ . —
0 L | | | le_l b! | 1 | |  E— | L | |
0 1 2 3 4 9 6 7 8 9 10
p (GeV/c)
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Adjust inelastic cross section in
GEANT 4 until reconstructed
SHe/*He ratio is reproduced

Indications of deviations fro
GEANT 4 at low p b
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Inelastic cross section of d and *He (1)
Input for dark matter searches in space

~103

Physics highlights:
the LHC as a versatile particle source

Bknag, B acTpodpusmky |

|
£10°
7

5102

&)

S— O
210
Q

Q

1072

e

101 100
Distance to the Galactic Centre (kpc)

'\__.g——

e =
p+p- Ht‘f i X P
— ./ ~

Indirect dark matter search:
y+y—o>bb—>d+ X
r+yr—>WW ad+ X

y+y—bb—He + X
r+y->WW oHe + X

Small astrophysical

Distance to the Galactic Centre (kpc)

: 10 1 -
Distance to the Sun (AU)
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e ~ £ AMS-02 background
__*He+p-Y \ A
\.\' ‘/__\ ‘/__‘%»7 ‘/‘.‘k—x 3 N .
p+*He - e + X ”*-\L_,)‘ / .- / Critical input:
o _— Y. inelastic cross section
r+r—bbom+x A e
§ a' /!,,f '.\\..\ {/ } \\ Voyager — _ CT Kinolaeiiaiane s |
e NS f O e + A inelastic cross section:
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0.100 100



LHCb new results

HoBble 3K30TU4YeCKMe aapOoHbI
Habnoaenmne ocunnnaumm ansa BOs mn DO
N3mepeHne peaKunx pacnaaos




Status 28 July 2021

from
Patrick Koppenburg

11000 L . . ,

10500 l 62 new hadrons at the LHC

55 new hadrons at LHCb
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Baryon Meson Tetraquark Pentaquark

28/07/2021 Franz Muheim - LHCb highlights



DOUBLY-CHARM SPECTROSCOPY [PAPER-2021-031] 16

: . 2021: NEW
» States with two charm quarks (rather than a ¢¢ pair): e
2017 2020 = wof LHCh =3
% 150F T3 & 20— — ﬁ - 9fb ! : ]
= U LHCD 13 TeV' 1 2200 2 b | S :
= 10F i 7 2180 =7F I :
‘0 140F 4 = 160 < F ik ]
= —Total 3 s = ApE 5 ]
2120F .—Signal 4 < M0 - 4{}5 r‘ Prgpmgigr}* : Eeane
_% ].D'[};_ ---BﬂCkgl'Dllﬂd = E if}g 3[}:_ — T+—PDDD§7I+ TRt |GE1||.':."'C'3]—:
'% EU'E z E - 2[}5_ : E{ﬁf‘]]:l"‘] threshald _E
O 60F E < 604 - [ | ———— D*'D* threshold + ]
o E [ gt 10F IR ] ! :
N L R B :":ﬁ n AR T T T f
3500 3600 3700 200 0F - | !

m__ (=) [MeV/c?] . E—;? L
B2 (ccu) structure in m(J/wJ/y) : (cccc)

also: searches for 2 (ccd)

» Now: Observation of a narrow peak in m(D°D’z™") at the threshold

> manifestly exotic state: cciid; expected isospin 0 and J© = 1+



T+ PROPERTIES [PAPER-2021-031] 17

» Mass measurement: relativistic Breit-Wigner lineshape gives
5m = myp, — (mpe, + mpo) = — 273 + 61(stat) = 5(syst)*11(J") ke V/c?;
mass ~3874.8 MeV/c?

> consistent with some of theoretical predictions

> width gy = 410 £ 165(stat) £ 43(syst) e/ ) keV [T R R L e

» A more physical lineshape model explored as well, in upcoming [PAPER-2021-032]

> A plethora of other studies: pole position, multiplicity dependence, characteristic size,
etc: stay tuned for our papers!

» This result likely implies existence of a weakly-decaying bbiid state (a tetraquark flying
some mm before decay?)

More details in our CERN-LHC seminar on 14th September. 6



Y4eHble OTKPbINM HOBYK OOpMY MaTtepuun C NOMOLLbIO
Bonbloro agpoHHoro konnangepa (bAK). 9k3oTnyeckasd
arieMeHTapHas YacTunua OTHOCUTCA K TaK Ha3blBaeMbIM
TeTpakBapkam — CTPYKTypam, COCTOSALLUM N3 YETbIPEX
KBapKOB, nepenaet refiekaHan «/3sectusa». HOBUHKY
Ha3Banu Tcc+, YTO yKasblBaeT Ha Hannyume B coctase
OBYX O4apOBaHHbLIX KBAPKOB, NPU 3TOM aHTUKBApPKOB Y
YyacTuLbl HET, YTO U AenaeT eé eANHCTBEHHOW B CBOEM
poae n3BeCcTHoM Hayke. PaHblUe cuMTanoch, YTO CINOXHble
KBApKM COCTOAT M3 aHTUNoaoB. Haxoaka xuset B 500 pa3s
Aonblue, YemM YacTuLbl C TOW XXe MacCcon. YYeHble
Ha3bIBalOT Tcc+ pbIXMon, y HEE Manasi Macca 1 0OsbLLION
paguyc. YHuKasrnbHble CBOMCTBA HOBOUW YacTuLbl TONbKO
NpeacTonT nayunts. [NpumedaTenbHo, YTO B OTKPLITUN
aKTUBHO y4acTBOBamnu poccudaHe. B 4acTHOCTH, B cOCTaB
Hay4HoW Konnabopaunu, Kotopasa paboTtana Hag NMoncKom
YacTuu, BXoOAT ydeHble n3 HaunoHanbHoro
nccrnenoBaTenbCKoro ueHTpa «Kyp4aToBCKUM UHCTUTYTY,
a Takxke coTpyaHukn VIHCTUTyTa agepHon nsnku
Cubupckoro otaenenusa PAH.



https://iz.ru/live

[Mpn ydactumn poccmnmnckmnx dumsmkos B LIEPH obHapyxmnnm HOBYHO YacTuLy — 9K30TUYECKUN TeTpakBapk Tcc+, npeacraBngatoLmi
cobown HoByto popmy maTepun. B konnabopauyuto LHCb, koTopas caoenana oTkpbiTue, BXoaAaT NHCTUTYT saepHON OU3NKU UMEHU
[N. byokepa Cubupckoro otaeneHns PAH, HoBocnbupckuin rocyqapcTBeHHbIN YHUBEPCUTET, IHCTUTYT TEOPETUYECKON U
akcnepumMmeHTanbHou ousukm nmeHn A.V. AnnxaHosa v gpyrme opraHnsauumn. «JleHta.py» pacckasbiBaeT O Hay4HOM LOCTUXEHUN
M O TOM, YTO OHO 3HAYUT AN PU3NKM HYaCTuUL, B LLerioMm.

TeTpakBapku ABMATCA 9K30TUHYECKMMU Me30HaMM, TO €CTb YacTuULaMU, B KOTOPbIX YACSIO KBAPKOB PaBHO YMCIly aHTUKBAPKOB.
OK30TMYECKMMUM UX Ha3bIBAKOT NMOTOMY, YTO U3HAYanNbLHO npeanosaranoch CyLWecTBOBaHME YacTul, COCTOALWMX NMBO 13 Tpex
KBapKOB, Kak NPOTOHbI U1 HEUTPOHbI, IO N3 KBapka U aHTUKBapKa. B cBonx pyHaameHTanbHbIx pabotax 1964 roga pusmnkm
Mioppen 'enn-ManH n [xopax LiBeunr, B KOTOPbIX OHM NPESoXUIN KBapKOBYO Moaesb, YNOMSAHYSTM BO3MOXHOCTb
nobaBneHnsa KBapKk-aHTUKBAPKOBOW Mapbl K MUHUManbHOW Me30HHOW nnm 6apnoHHOW KBapKoBOW KOHdUrypaumm ansg
obpasoBaHUs agpOHOB C YeTbipbMSA (TETPAKBAPK) UK NATbIO (NEHTaKBAPK) KBApKOBbIMU cocTansowmmu. Npu atom
cuMTanocb, YTO COCTaB TETPaKBapKOB BCerga cooTBeTCTBYET hopmyne qq'QQ’, rae q — 3TO NErknin KBapk (BEPXHUN, HUXHUI
NN CTPaHHbIN), a Q — TsHKENbIN KBApPK (0OMapoBaHHbIN UMW NPEeecTHbIN); anocTpodbl 0003Ha4YaoT COOTBETCTBYOLLMNE
aHTUKBAPKWU (Nerkme unun Taxenole).

dunsunkam notpeboBanock 50 net, 4Tobbl NONYYNUTb O4HO3HAYHLIE SKCMEPUMEHTAalbHbIE JOKa3aTenbCTBa CyLEeCTBOBAHUS
aK3oTnyeckux agpoHoB. B anpene 2014 roga konnabopauus LHCb onybnukosana namepeHusi, Kotopble
npoaeMoHcTpupoBanu, Yyto vyactumua Z (4430), BnepBble obHapyxeHHas konnadopaunen Belle, cocTouMT U3 YeTbipex KBapKoB
(ccud). 3aTtem B ntone 2015 roga Ha bonbluoM agpoHHOM Konnangepe npomsoLlen noBOPOTHLIA MOMEHT B CMEKTPOCKOMNUMU
9K30Tnyecknx 6apnoHoB, korga konnabopauma LHCb cooblwmna o npusHakax CyLecTBOBaHUS NeHTaKBapKoB.

CunTaetcs, 4TO NepBbIM IKCNEepPUMEHTANbHO OBHapYXeHHbIM TeTpakBapkoM ctan Zc(3900), oTkpbiTein B 2013 rogy cpasy
OBYMS HE3AaBUCUMbIMM HayYHbIMW KOSNEKTMBaAMM Ha KMTAMCKOM 3MeKTPOH-N03MTPoHHOM Konnangepe B BEPC Il n B snoHckomn
nadopatopun OpraHnsaumnm nNo N3y4eHMo BbICOKOIHepreTndeckmnx yckopurtenen. B 2015 rogy aHanms pacnaga nsambaa-
BGapnoHOB, cogep KaLlnx B CBOEM COCTaBe OAMH NPENecTHbIN KBapK (MpenecTHble nambaa-6apnoHsbl), packpbi
CyLLLECTBOBaAHNE NEHTAKBAPKOB — 3K30TUYECKUX YaCcTUL, COCTOSALLMX U3 NATU KBapKoB. C TeX Nop 3KCrnepuMeHTanbHO
AokasaHo cyulectsoBaHue 20 TeTpakBapKoB N YETbIPEX NEHTaKBaPKOB.
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necel, Oscillations, €P and charm

— B - Dt =— BY - BY — D_nt = Untagged




B, Oscillations

0 ; LHCb-PAPER-2021-005, arXiv:2104.04421
e LHCb-PAPER-2020-030, JHEP 03 (2021) 137

Measured by oscillation frequency
with B, >D. " * decays

B? —» BY — D_nt == Untagged

Flavour tagging identifies

m.ni ps)

B.? / anti-B.” at production

Decays

Legacy measurement
Am, =17.7683 + 0.0051 + 0.0032 ps!

Precision 3 x 10*

Including B, >D.*h*r*n * et al.

Am, =17.7656 + 0.0057 ps?

Measurement of the CKM angle gamma at LHCh
Mark Whitehead

N3mepeHune
Be/IMYMHbI PA3HOCTKU
macc Am, =
17.7656 £ 0.0057 nc?

N3mepeHna Am, B
Pa3HbIX KaHanax
pacnaga
N cpeaHee 3HayeHue
BE/IMYUNHDbI
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Neutral particle oscillations

. NEw B LHCb-PAPER-2021-009
Timeline - arXiv:2106.03744

BY: ARGUS DOY: Belle & BaBar | D?%: LHCb NEW

Observation of BY oscillations Evidence of DY oscillations Observation of D? mass difference
Phys.Rev.Lett. 98 (2007) 211802
Phys.Lett.B 192 (1987) 245 Phys.Rev.Lett. 98 (2007) 211803 LHCb-PAPER-2021-009

V !
1955 >> 1987 2006 2007 2013 2021
t 1 t

K© BY.: CDF DY: LHCb

Behavior of neutral particles Observation of B.° oscillations Observation of DY oscillations
e.g. Phys.Rev. 97 (1955) 1387 Phys.Rev.Lett. 97 (2006) 242003 Phys.Rev.Lett. 110 (2013) 101802
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ek Charm mixing

Charm D° Mixing NEW Lt e a0
Unique: up-type quarks
Small mixing, sensitive to m
Dy 5) = p|D°) £ ¢/ DOV = (my —mg)c?/T

No measurement of x # O until this summer

<30 from x=0

Charm at LHCb o @ TS

Large cross section - ..~ 5 mb, charm rate ~¥2 MHz aie :f Tna:.:.l.-n-g-o_'.;- e
Run 2 - dedicated Turbo trigger - 15 kHz to tape

D% = K
30.6M decays & very small background

Bin-flip method

Measure asymmetry between D° and anti-D°
in binned Dalitz plot m?(K%t") vs m?(K° )

Ahsolute bin index &

In each bin approx. constant strong-phase

difference between D° and anti-D? amplitude

Mixing and time-dependent CPV in charm decays at
LHCb Federico Betti

28/07/2021 Franz Muheim - LHCb highlights 12



Observation

of small mass difference -
Fit (x,=0)

in neutral charm meson eigenstates

r = (3.98Z035)) x 1077,
y=(46I37)x 107,
lq/p| = 0.996 + 0.052,

i -+ 0.047
¢ = 0.056Z5.05;-

m,-m, = 6.4x10° eV = 1x103%g

Significance>7o0

. _] Current world avg. LHCb _

| Current world avg. + this paper

No evidence for m at 2 x10*

Mixing and time-dependent CPV in charm decays at
LHCb Federico Betti

28/07/2021 Franz Muheim - LHCb highlights 13




NSo  CKM angle y and charm mixing Q)
— commaron

First simultaneous determination Excellent agreement with
of CKM angle y and charm mixing indirect global CKM fits

parameters y = (65.8+2.2) RYUAR{

151 observables, 52 parameters Charm mixing

CKM angle y y = (063070 035) %,

. x = (0.40010-052y07
y = (65-4f1:§) r = ( 10.053) 7/

Precision on y improved by factor 2
Most precise measurement

oy 1.00

=]

T > 075}

LHCb

Preliminary
65 4132

0.50 F
0.25F

0.00 :_ .Nu Mixing
- ! Current World Average
025 1. [rHCb Beauty almal Charm
0.0 0.5 1.0
X %]

Measurement of the CKM angle gamma at LHCb
Mark Whitehead

28/07/2021 Franz Muheim - LHCb highlights 15




Very rare leptonic decay

Helicity and CKM suppressed H03b|e |/|3N\epeH|/1F|

OTHOCUTE/IbHbIX
BepoATHocTen (Br)
peakux pacnagos B°
n B°% Ha gBa miooHa

Sensitive to New Physics
B, > pu
B(B,® > pu7) = 3.09%04 43 *012 51, x 1077

Significance > 10 o

27.5 MeVic?)

Candidates / (

in agreement with SM

— HabnpaeTca
0 +y1-
B" 2 W cornacue ¢
B(B® > p*u) < 2.6 x 10710 at 95% CL
npeacKkasaHMAMMU
CM

First search for B.,° - puy
B(B. > n'nwy) <2.0x10%at 95% CL

3 ; 5 §]
form,, > 4.9 GeV/c’ BB~ 1)

28/07/2021 Franz Muheim - LHCDb hi



3aKa4yeHmne

[MpoaeMOHCTPUPOBAH WMPOYAULLNIM CNEKTP UccneaoBaHUM B PU3MKe BbICOKUX
3Hepruni B AManasoHe macc ot 4 TasB go 10° 3B.

[PaHunLbl npumeHnmocT CM no aHeprum noka He AOCTUTHYTbI, XOTA eCTb
KOCBEeHHble 3¢ deKTbl €€ NPUCYTCTBUA.

Habntopgaetca mMHOro HoBbIX ABNeHUIN KX/1, OT TEeMHOro KoHyca Kak
CBMAETeNbCTBa COOCTBEHHOM MACCbl KBAapPKa A0 HOBbIX CTPYKTYP IK30TUYECKUX
afpPOHOB.

AJPOHHbIE KONTanaepbl B 3TOM rogy otmedatoT 50-netHun tobunein!

Cnacubo!




