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New Physics and SMEFT

N W ' d
one new fundamental resonance has been discovered.
. * . ) .
ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary
Status: March 2023 [Ldt=(3.6-139)fb? Vs=13TeV
Model f,y Jdetsi ET* [ratm™] Limit Reference
. | ADDGkk+g/q Oepmry 1-4j Yes 139 |Mp 112feV n=2 2102.10874
5 ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n=3HLZNLO 1707.04147
£ ADDQBH - 2j - 139 | My 94TeM -6 1910.08447
T ADD BH multijet - >3] - 3.6 My, 9.55TeM n =6, Mp =3 TeV, rot BH 1512.02586
©@  RS1 Gk > yy 2y - - 139 Gk mass. 4.5TeV k[Mp = 0.1 2102.13405 e
£ BukRS Gkx — WW/zZ multi-channel 36.1 | Gk mass 23TeV /My 10 1608.02380 ne VV S 1 C S
W BukRS gxk — tt Teu 21b>102 Yes 361 gkk Mmass 3.8TeV I'/mf 1804.10823
2UED / RPP leu >2b,>3) Yes 861 |KKmass 1.8 TeV Tier (1,1), J(A(‘ Do et) =1 1803.09678
SSMZ’ - t¢ 2ep - - 139 | Z/mass 51TeV 1903.06248
o  SSMZ ot 27 - - 361 |z/mass 2.42 TeV 1709.07242 ne VV I I l easure | I I ents
€ Leptophobic Z' — bb - 2b - 361 | Z mass 2.1 TeV 1805.09299
@  Leptophobic 2’ — tt Oepu 21b22J Yes 139 |Z mass 4.4 TeV I/m=12% 2005.05138
8 ssMw v Tep - Yes 139 | W’mass 6.0 TeV. 1906.05609
@ SSM W’ — v 1T - Yes 139 W’ mass 5.0 TeV ATLAS-CONF-2021-025
S ssMW - tb - 21b,21J - 139 | W/ mass 4.4 TeV ATLAS-CONF-2021-043
& | HVT W’ — WZ model B 02epu 2j/1J Yes 139 |W/mass 43TeV & =3 2004.14636
S HWTW S WZo oo modelC Ben  2](VBF) Yes 139 [ W’mass 340 GeV gven=1,g=0 2207.03925
HVT 2’ - WW model B leu 2j/1J  Yes 139 | Z mass 3.9TeV gv =3 2004.14636
LRSM Wg — uNg 2pu 1J - 80 | Wg mass 5.0 TeV m(Ng) = 05TeV, g = gr 1904.12679
Cl qqqq - 2j - 37.0 A 21.8TeV 71, 1703.09127 X
_  Clllgq 2eu - - 139 | A 358TeV| i, 2006.12946 Qo | G aEGe .
O Cleebs 2e 1b - 139 |A 1.8 TeV g=1 2105.13847 05 | prrcamamacr | g0 P
Cl ppbs 2u 1b - 139 | A 2.0TeV g =1 2105.13847 & N b 5
Cl ettt >tex >1b>1j Yes 361 |A 2,57 TeV |Cal = 47 1811.02305 P Qu | EWIWIWE | Qup Qa
PO IR
‘Axial-vector med. (Dirac DM) - 2] T 30 |maw 38TeV =025, g=1, m(x)=10TeV | ATLPHYS-PUB-2022.036 o | g [ Q[T
= Pseudo-scalarmed. (DiracDM) O e 7,y 1-4j Yes 139 Mimed 376 GeV 8o=1, & =1, m(x)=1 GeV 2102.10874 O | (@, X%p? X v D
O Vector med. Z'-2HDM (Dirac DM) O e, 2b Yes 139 | mz 3.0 TeV tanp=1, g7=0.8, m(x)=100 GeV 2108.13391 Qb
Pseudo-scalar med. 2HDM+a  multi-channel 139 [ma 800 GeV tanp=1, g=1, m(x)=10 GeV ATLAS-CONF-2021-036 QC‘H 1)
Scalar LQ 1% gen 2e >2] Yes 139 |LQmass 1.8 TeV B=1 2006.05872 i B o) 7t
Scalar LQ 2 gen 2pu >2] Yes 139 |LQmass 1.7 TeV p=1 2006.05872 o o e 5. o))
Scalar LQ 3 gen 17 2b  Yes 139 |LQumass 49 TeV BLQY - b) =1 2303.01294 o Go" WM | Qe (WD) G0
Q  ScalarLQ 39 gen Oep  >2j,>2b Yes 139 |LQymass 1.24TeV BLQ > ) =1 2004.14060 Qe Qus | (@ w)3Bu | Q3 | (£iD; )55
= Scalar LQ 3 gen >2eu>1t>1),>1b - 139 | LQS mass 103 Tev BLQY - tr) =1 2101.11582 (L@ s | Q5 Que | (4o T'd)9 Gy | Q| (@ 4B‘, )i,
Scalar LQ 3 gen Oep,2170-2},2b Yes 139 Loglmass 1.2¢TeV B(LQS - bv) =1 2101.12527 O | @u o oyt owl, | Qu | (0B
Vector LQ mix gen multi-channel 1], 21b  Yes 139 | LQy mass 2.0TeV B(Dy — tu) = 1, Y-M coupl. ATLAS-CONF-2022-052 . i SAR S e L
Vector LQ 3 gen 2eu1 >1b Yes 139 LQ} mass 1.96 TeV B(LQY — br) =1, Y-M coupl. 2303.01294 Q"Q""‘
9 VLQ TT - Zt + X 2e/2u/>3eu 21 b,21] - 139 | Tmass 146 Tev SU(2) doublet 2210.15413 0?,’“ 06 08
Lo viass - wyzbt X multichannel 361 | Bmass 1.8 Tev SU(2) doublet 160802393 i E O + O +
TS VLA Ts3TspslToz » We+ X 2(SSy>8eu>1b>1j Yes 361 Ts)3 mass 1.64 TeV B(Tsj3 — W)= 1, ¢ TojsWe)= 1 1807.11883 | Qe | 6 8 P
S E VILQT - Ht/zZt leu  21b23] Yes 139 | Tmass 1.8 TeV. SU(2) singlet, k7= 0.5 ATLAS-CONF-2021-040 A2 A4
88 VQY - Wb leu 21b21j Yes 361 |Ymass 1.85 TeV B(Y — Wb)=1, cp(Wb)=1 1812.07343
=" vIaB- Hb Oeu >2b,>1),>1) - 139 | Bmass 20Tev SU(2) doublet, k= 0.3 ATLAS-CONF-2021-018
VLL 7' — Zt/Ht multi-channel =1 Yes 139 | 'mass 898 GeV/ SU(2) doublet 2303.05441 .
S ooty T T st | omemes A n vy B. Grzadkowski, et al. JHEP 10 (2010)
k] Excited quark g* — qy 1y 1j - 36.7 53TeV only u* and d*, A = m(q") 1709.10440
P - . .
W & Excited quark b* — bg - 1b,1j - 139 3.2TeV 1910.08447 ‘M
Excited lepton 7* 27 >2j - 139 4.6TeV A =46TeV 2303.09444 M BuChUIlerb D M Wylerb 1 9 8 6
Type Il Seesaw 234epu >2j Yes 139 2202.02039
LRSM Majorana v 24 2j - 361 32TeV m(We) = 41TeV, g1 = gr 1809.11105 B . Hennlng et al’ 20 1 5
T Higgs triplet H** —» W*W* 2,34 e, (SS) various  Yes 139 DY production 2101.11961
S Higgs triplet H*= — ¢¢ 234eu(SS) - - 139 \ DY production 2211.07505
o Multi-charged particles - - - 139 59 TeV DY production, |q| = 5e ATLAS-CONF-2022-034
Magnetic monopoles - - - 34.4 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130 P OWer u I O O E s N /
\5=13TeV  y5=13TeV = A L R i L P
partial data full data 10 1 0 Mass scale [TeV]
*Only a selection of the available mass limits on new states or phenomena is shown.

+Small-radius (large-radius) jets are denoted by the letter j (J). \ /
New Physics models excluded to Multi-TeV @ LHC. -  A~O(TeV)
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Data for Dipole Operator

EW dipole couplings constrained very poorly in traditional method via cross-section and width

: : : 6 6 1.0 ; . ; ;
wllH ounh] (6> c®c® A =4 Tev "
Clequ : M d d ? J b(G) Ced—c
o0 |A=ATY i 0 = dosm + A2 i -t AL U
lequ - — 5t
4 : i 2
o OQ/AY) Do J 0(1/A2)’
. LT e, i~
8 Cupl o ]
§ I : : i -0.5F —— 13 TeV do/dm, quad.
Cawt ‘ . e 13 TeV Agg, quad.
Cupf 1 eE . -7 e}; 1ol —— Combined, quad.
Coavt e o R —— Combined, lin.
= 0(1/A*) leading effect o5 00 05 1o 15
95% CL range
Single-Parameter-Analysis @LHC Cae
(R. Boughezal et al. Phys.Rev.D 104 (2021)...) (R. Boughezal et al. arXiv: 2303.08257)
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E/ Cause Chirality Flip of Fermio

(Disappear in massless SM)

ﬁﬁ %@E( 0(1/A%) How to trigger
~0 for tiny mass O(1/A?) interference?

— 1n dipole case

T ———

n} == Only small non-interfering effect with ‘




New Physics with Dipole Operator

E/M Dipole Moment
Direct & Dominant Effect

<

Significance will likely decrease

5.00 >

+—eo—
Fermilab 1+2+3

with an updated SM prediction (2023)
< 510 >
+—eo—+
SM: e+e- HVP World Average
T.I. White Paper (2023)
(2020)
New results in tension &
with White Paper (2020) SM attice HVP
BMW Collab.
(2020)
2 4
SM: e+e- HVP
e using only CMD-3
# Fermilab data below 1 GeV
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May have same physics source
but Z only detected by colliders

Xin-Kai Wen (Peking Univ.)

Loop-induced by the BSM
Indirect probes of quantum effects of NP

Minimal models for muon g-2: 1 field extensions

2HDM
Scalar
leptoquarks

Dark
photon

From:

JHEP 09 (2021) 080,

[PA, C.Balazs, D.H.J. Jacob,
W. Kotlarski, D. Stdckinger,
H. Stéckinger-Kim]

Model | Spin | SU(3)¢ x SU(2), x U(1)y Result for Aaﬁm‘. Aa/“fu

1 0 (1,1,1) Excluded: Aa, <0
2 0 (1,1,2) Excluded: Aa, <0

>3 0 (1,2,-1/2) Updated in Sec. 3.2
4 0 (1,3,-1) Excluded: Aa, <0

™~ 5 0 (3,1,1/3) Updated Sec. 3.3.
6 0 (3,1,4/3) Excluded: LHC searches
7 0 (3,3,1/3) Excluded: LHC searches
8 |0 (3,2,7/6) Updated Sec. 3.3.

-} 0 (3,2,1/6) Excluded: LHC
10 1/2 (1,1,0) Excluded: Aa, <0
11 1/2 (1,1,-1) Excluded: Aay, too small
12 | 1/2 (1,2,-1/2) Excluded: LEP lepton mixing
13 1/2 (1,2,-3/2) Excluded: Aa, <0
4 |12 (1.3.0) Excluded: Aa, <0
15 ] 1/2 (1,3,-1) Excluded: Aa, <0
16 1 (1,1,0) Special cases viable
17 |1 (1,2,-3/2)
B |1 130
19 1 (3.1,-2/3)
R R
2a |1 (3.2,-5/6)
22 1 (3,2,1/6) Excluded: Agy, <0
23 1 (3.3,-2/3) Excluded: proton decay
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MUCH IMPORTANCE!

How to probe EW dipole
operator at O(1/A%)?




How to Probe Dipole Operator at 1/A?

Traditional method via cross-section and width only leading @ |C dipo le| /A* and suffer from assumptions

—_—

Our proposal.:

v' Transverse polarization effect of beams

(Interference between the different helicity states)

1 (14X bpe 0
(1—|—a'.s)—2 (bTewO 1_)\>

V' Caipore//A?, interfering with the massless SM

p:

N | =

v Without depending on other NP operators O(1/A2) leading effect
v" Non-trivial azimuthal angular distribution

Single Transverse Spin Azimuthal Asymmetries

In a word, transverse polarization effect triggers interference of helicity amplitudes
and breaks the rotational invariance to induce nontrivial azimuthal behavior.
Ken-ichi Hikasa, Phys.Rev.D 33 (1986) 3203, PhysRevD.38 (1988) 1439

e




Transverse Spin Polarization

Transverse spin effect = Interference of helicity amplitudes

Breaking rotational invariance, Nontrivial azimuthal behavior

b5 —Po=¢

Spin dependent amplitude square:

|M|2 = Pa;af (3)pa2a’2 (8)Mayay (O)MY o (D)

“1%2 MM,)\z (97 ¢) = ei(Al_A2)¢7;\ A2 (9)
: e; e
s = (b17b21)‘) = (bT CoS ¢, b Sln¢0a)‘) >S1§A\¢ H’@
1 1 {14+ X bre %o er ] e,
p= 5 (1 + o - 3) — § (bTei¢o 11—\ pi®*0 pid+1
dipole operator > M, massless SM > M,z
U L T
U M|z, — 1 M|Z, =1 |IM|%, — cos ¢, sin ¢
L M2, — 1 M2, —1 |IM|2, — cos ¢, sin ¢
T | |IM|3y — cos¢,sing | |[M|2, — cos¢,sing | |[M|%; — 1,cos 26, sin 2¢
X.-K

W, BY, ZY, C.-P.Y, work in progress G. Moortgat-Pick et al. Phys.Rept. 460 (2008), JHEP 01 (2006)




A New Probe of Dipole Operators

Transverse Spin

tri%y , %wemte

Dipole ® SM — cos @ & sin ¢

characterize

2mdo’ _ + A% (br, br) cos ¢ + A% (br, br) sin ¢ + by by B* cos 2¢ + O(1/A%)

otdp
Re[Caipore] SM & other NP

§-Pr < cos ¢ X
CP-conserving

Lin dependent on the dipole couplings Cy;p01e and spin by
o'(cos ¢ > 0) — o*(cos ¢ < 0) Al /\

X.-K.W, BY, 7Y, C.-PY, 2307.05236

o 2
LE ™ Gi(cosp > 0) + oi(cosp < 0) 7 &
" _ o'(sing > 0) — o*(sing < 0) _ 2,
UD ™ gi(sing > 0) 4+ oi(sing < 0) =

T ———

O-Z
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Pinning down Dipole Operators

| . e avra H Aligned Spin
Eeff = —EKLO"U’ (gerBNV + ngWO' WMV) v—2€R+h.C. ¢0 — CEO — 0

Opposite Spin

. o'(cosp >0)—o'(cosp <0) 2

— . _ = — A" (¢0a$0) — (Oaﬂ-)
LR ™ gi(cos¢p > 0) + oi(cosp < 0) 7 & J5 = 250 GeV, L = 5 ab~"!

2_ T rri TrTTT r:l LI | |"| T
H_Opposite Spin P
1:_ e _1Te _ Te
F7 - W FB
e NS - e _ 2 e 2 e
X X C 7 — Cwlw + Swlp
[ o= 0OF
) Bt
& A
NI . e . .
: o Single spin
: 0 is
2 M E— 0 ) enough!!
Re[I4]x10° Re[l'%]x10°
Why the limit difference between the Aligned Spin and the Opposite Spin?
_ _ —_ — K —
ete e (s)et(3)) D e (3)e™(s)) Ag" o« sp + 37

CP property
16,0 D 16,0)  Zy:16,6) Dolprmm—0) AW ocsr—ar




Pinning down Dipole Operators

1 - 5 H Aligned Spin
Eeﬂ' = ——ELO"U‘ (glI‘%BMV -+ gzr%/aawsy) v—2€R—|-h.C. ¢0 _ QBO -0

V2

The sensitivity to I’y is much stronger than I}/

Opposite Spin
(¢, d0) = (0,)
Vs =250 GeV,L =5ab™!

Ap\(Iy) < Agy(T7)
Parity property

My = M M__(g, < gr)

(M5 5~(g1 — gr)GE+IRITS + I7]

SM (g7 +9g) = —%+ 2sin? 0y, < 1
SM WWy < WWZ

e __ e 2 e
w = 1% +syly

Re[I'%]x10°

_ o*(cos¢ > 0) — o*(cos ¢ < 0)
LB ™ Gi(cos¢ > 0) + oi(cos ¢ < 0)

9
— 24
T R

T ———




Pinning down Dipole Operators

. . ) ) ) o Aligned Spin
For the imaginary parts of dipole couplings, things are similar o = Go = 0
' . Opposite Spin
; _ 0'(sing > 0)—o'(sing <0) _ EAZ- (¢o, do) = (0, )

UP T 5i(sing > 0) + oi(sing <0) 7 Vs =250 GeV, £ = 5ab™*

2_ i r11|r:||| |l,r11|’r,1||_ 2 [T3 el
1 Aligned Spin (0] “(_ Opposite Spin .
1 ’ 1

Im[T¢]x10?
S

IIIIIIIIIIIIIIIII'II'T]IFT‘II
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) -1 0 1 ) -1 0 1
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Offering a new opportunity for directly probing potential CP-violating effects.
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v The muon g-2 data may hint the NP effects from the dipole operators, but their weak
interactions are difficult to be probed since the leading effects are from 1/A4*
v We propose a new method to probe dipole operator at 1//A?% via transverse polarized beams
Single Transverse Spin Azimuthal Asymmetries
v' STSAA simultaneously constrains well both Re & Im parts
without impact from other NP
offering a new opportunity for directly probing potential CP-violating effects.
v" Our bound could be reached around O(0.01%~0.1%), much stronger sensitivity than other

. e re

approaches by 1~2 orders of magnitude gl | I
Our Study 0.0002 | 0.005

v" Future colliders (z/Higgs/Top factory...) e e Toores o100

Polarized Muon collider, hadron colliders, Electron-Ion Collider Z Partial Width | 0.0582 | 0.093
(g —2)e 1072 1076

Thank yow

[ » DSA@Transversely Polarized DIS > See Hao-Lin’s talk ]

Xin-Kai Wen (xinkaiwen@pku.edu.cn) 17 TeV-WS2023@Nanjing




