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New Physics and SMEFT

None new fundamental resonance since 2012
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*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 and SMEFT

None new fundamental resonance since 2012 but anomalies bursting

“SWIH”: Where, What, Why, When, Who, How NP

NP might hide within the current scale
NP1
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~ Dipole Operator

v Connect Mass and E/M Dipole Moment
4 v Loop-induced by the UV BSM

o v" Cause Chirality Flip
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Proposal and Data for Dipole Operator

In Global Analyses, EW dlpole couphngs constrained poorly
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. B — Single-Parameter-Analysis from
l  " - —' | recent Drell-Yan Data at LHC

95% CL range

dlpole 2

only small non-interfering effect with ‘
LHC Drell-Yan: 0(107*~1071)
LEP Z-boson partial width: 0(1074~10"1)

EFT running for interpretation (g — 2),: 0(107°~1072)
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How to Probe Dipole Operator

—_—

Our proposal:
V' Cgipole//A?, interfering with the massless SM

v Without depending on other NP operators

v" Transverse polarization effect

v" Non-trivial azimuthal angular distribution

Single Transverse Spin Azimuthal Asymmetries

2 :
> |Cdl-pole| /A*, small effect from non-interference

» Bothered by other operators and assumptions
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Transverse Spin Polarization

Transverse polarization effect —> Interference of helicity amplitudes

—_—

Breaking the rotational invariance & A nontrivial azimuthal behavior

M]* = Pay e (S)pa2a/2 (8)Mayar ()M, oA () br=Po=¢
s = (bla b27 )‘) = (bT COS ¢0a bT sin ¢0) )‘)

1 14+ A bTeiO
(1
p=5+o-s)= (bTewo 1—)\)

Only the azimuthal difference between initial § and finial p; physical meaningful

Only dipole operator contribute to M+ while ]V[f_]\f = 0, massless SM only M.+ # 0

U L T
U M|, — 1 M| — 1 IM|%. — cos ¢, sin ¢
L (M3, — 1 M]3, — 1 |IM|2, — cos ¢, sin ¢
T | |IM|3y — cos¢,sing | M]3, — cos¢,sing | [M|%; — 1,cos 24, sin 2¢
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A New Probe of Dipole Operators

Transverse Spin Aligned Spin
$o = ¢o =0

trﬁ% generate Opposite Spin
(¢07$0) = (0,m)

Dipole @ SM — cos ¢ & sin¢

| characterize
2m do* ; _ ; . _ A
yra 14 A% (br,br) cos ¢ + A% (br,br)sin ¢ + by by B* cos 2¢ + O(1/A*)
O—’L
Re[Cdipole] SM & other NP
§-Pr < cos¢ X

CP-conserving

Lin dependent on the dipole couplings Cy;p01e and spin by

Using azimuthal asymmetry instead of polarization asymmetry
'(cosgb>0)—a'(cos¢<0) _ 2

AL L = £
LE ™ Gi(cosp > 0) + oi(cosp < 0) 7 &
4 ) — o'(sing < 0) _ 2
UD ™ gi(sing > 0) + oi(sing < 0)
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Pinning down Dipole Operators
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Pinning down Dipole Operators

| . e avra H Aligned Spin
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Pinning down Dipole Operators

. _ ) ) ) o Aligned Spin
For the imaginary parts of dipole couplings, things are similar do = G0 = 0
' . Opposite Spin
; _ 0'(sing > 0)—o'(sing <0) _ EAZ- (¢o, do) = (0, )
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Offering a new opportunity for directly probing potential CP-violating effects.
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The 12" Workshop on New Physics (Weihai Workshop on NP)
Summary SRSy 2325, 202)
. Transverse Spin
trig@% %mmte
Dipole® SM — cos ¢ & sin¢
characterize

v" Dipole operators flip fermion helicities being ideally studied at 1/4? through--
Single Transverse Spin Azimuthal Asymmetries
v' STSAA simultaneously determining 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 approaches by 1~2 orders of magnitude 1% I

Our Study 0.0002 | 0.005
LHC Drell-Yan | 0.0765 | 0.197
Z Partial Width | 0.0582 | 0.093

Thank yow (-2, 102|107

Bhung Sing-Kai (xinkaiwen@pku.edu.cn)
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Backup: Some Formulae

—_—

Superposition of the two helicity states

A e .
O, = —|h=+)+sineX|h = — ation <
|0, x)1 = cos 5 | )+ sin—-e™| along polarization s(0, x)

2

Thr =, . ITlx.x) =(d=0,...|T|x —p, ¥ — )  2-to-2 rotational invariance

M*(8,8,0,6) = D payay (8) Pasay (8) Mayas (i = £30,8) ML, , (i = f;6,9)

, 172
1,062,000 ,09

1
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. _ 2 ) 1 B .
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M2, = SbrRe [0 (T T + T _T1_
v 2 T 1 —1i¢ * *
+ 5 rRe e (T T + T, T )]
_ 1- |
T rardprrer—na (0) = 1+ (=1)N# - Ty, 5, 200, (6) — 5ArRe e Ty Ty +TF_T_)]

C a,+ —ocT
77 — g’a_?’% . (_1)8 Sp—S Sd




Backup: Polarized beam reallzatlon

Transverse polarization 1s more natural
Sokolov-Ternov effect (92.4%, minutes-hours, 50GeV)
Laser-assistant
Spin-precession
Photon-based scheme: |
Polarized positrons are produced via pair production in a thin target from circularly-
polarized photons with energy of multi-MeV (up to about 100 MeV). The cost
difference between an polarized source and an upgrade from a unpolarized source is
small (~ 1%). At 500 GeV, loss of polarization <1%, at IP <0.25%.
Polarized electron source consists of a polarized high-power laser beam and a high-
voltage dc gun with a semiconductor photocathode.
Only polarization parallel or anti-parallel to the guide fields of the damping ring is
preserved. Need to avoid spin-orbit coupling resonance depolarizing effects.
The spin rotator systems between the damping rings and the main linacs permit the
setting of arbitrary polarization vector orientations at the IP.
Polarized-photons source:
I. ahigh-energy electron beam ( >~ 150 GeV) passing through a short period, helical
undulator. (E-166, SLAC)

II. Compton backscattering of laser light off a GeV energy-range electron beam. (KEK)
In both schemes a polarization of about [Pe+ | > 90% is reported.

—_—

z
B, =B, sin(kz)
Peak field = B,

2z
Period = 4, = T

ing rings specify wigglers with
| and period 40 cm.

T




Backup: anomalous magnetic moment

as® = 116 592 061(41) x 1071 |d,| <1.5x107Y e-cm  @90% CL

Muow
M — 116591810(43) x 107 Aa, = aS® —a™ = 251(59) x 107"

the spin vector’s precession in the muon rest frame
the rate of spin precession relative to the muon momentum direction ~ MDM and EDM

We + WEpM, Where, in the approximation - B ~ 0,

m

P (TP NP P I

In the approximation 5 ‘Ew~ 0,

E .
WEDM —[—772 ([3 X B]‘r C) = —#F, (3)

As noted above, a non-zero EDM increases the total
spin precession frequency

w=w,V 1+ tan?4. (16)

Bhung Sing-Kai (Peking Univ.)



Backup: anomalous magnetic moment

Electron a®® = 1159652 180.73(28) x 1072

lde] <1.1x107% e-ecm  @90% CL

SM prediction crucially depends on the input value for the fine-structure constant

Qgep.cs = 137.035999046(27)
QGhp Ry = 137.035999206(11)

Fig. 3 represents the lowest cyclotron and spin energy
levels for an electron weakly confined in a vertical mag-
netic field BZ and an electrostatic quadrupole potential.
The latter is produced by biasing the trap electrodes of
Fig. 2, The measured cyclotron frequency fo ~ 149 GHz
(blue in Fig. 3) and the measured anomaly frequency
U, ~ 173 MHz (red in Fig. 3) mostly determine g/2 2]

~ Vo — 173/(2f_c) Ageav
2 Y rwprnei)t 2 0 @

with only small adjustments for the measured axial fre-
quency 7, ~ 200 MHz, the relativistic shift §/v. =
hv./(mc?) ~ 1079, and the cavity shift Ageq,/2. The
latter is the fractional shift of the cyclotron frequency
caused by the interaction with radiation modes of the
trap cavity. The Brown-Gabrielse invariance theorem [9]
has been used to eliminate the effect of both quadratic
distortions to the electrostatic potential, and misalign-
ments of the trap electrode axis with B. Small terms of
higher order in 7, /f, are neglected. B
Quantum jump spectroscopy determines f. and 7,.

Bhung Sing-Kai (Peking Univ.)
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ag"® =1159652181.61(23) x 107, Aa® = aZ® — a™ = —0.88(36) x 10712,
ag""R = 1159652180.252(95) x 1072, Agk® = a®® —

aSMRP — 0.48(30) x 10712,

electron top endcap
electrode

compensation
electrode

quartz spacer —

nickel rings ring electrode
0.5cm] {8 J;*compensation

bottom endcap _ ] I W electrode
electrode —__field emission

microwave inlet point

FIG. 2. Cylindrical Penning trap cavity used to confine a
single electron and inhibit spontaneous emission.

=2
_*_ n
_ V¢ -568/2
=2 -~ fo= n3_6/12
Ve 38/2 cT Ve
1 gv:/Zo Ve
8/2
n= 0

ms = -1/2 ms = 1/2

FIG. 3. Electron’s lowest cyclotron and spin levels.




Backup: anomalous magnetic moment

lon trap
A B
Len, Len, MCP
@6 @ o |
™) 1) K
=
= o
(-
/4 &
e L
(Ea «®
o°
I o Tom
Lo 5cm
mp=-3/2 mp=+3/2 2

Fig. 1. Experiment outline. (A) Level structure of the eEDM-sensitive 3A; (v = 0,J = 1) state. The horizontal axis indicates mr, the projection of the total angular
momentum onto the externally applied electric field. The vertical axis indicates the energy of the states. The direction of the electron spin and effective electric field,
Ee, is indicated for each of the states used in the experiment. (B) Schematicgf ion trap, composed of eight radial electrodes and a pair of endcap electrodes. (Inset)
Fields applied during experimental sequence: the rotating electric bias field, £ot, and the quadrupole magnetic field, B°.
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Backup: eEDM d) <1.1x10% e-cm  @90% CL

H A 4= tH: 56 7 1) HE 1 B fB AK %E (electron Electric Dipole Moment, eEDM) - [R ]
MELER, |de] < 1.1x107%% - cm (90% C. L.),/& H1 2% “fCACME 5256120184
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. fEThOZr ¥4 T iy, T i F AR A E S REGE S TSRS
KAERMUNNFES) . ThO2r+ H KM HOL 2 TR i 5 & 22 S AR A 4 (Cryogenic
buffer gas cooling) MEZEN KD T K. 570 T3 NSk (Magnetic
shielding) [X 33, OGS 73 6 & 26l F A IRFE S R B W& R 59 0 — K
R A E AR 5, T M= S K I M it 8, s M
(precession angle) WM T FL ¥~ OB IR FE K/, 2 Je it s M weiot s 1 i Al AR R

—_—

L S5 RS N RISl i 2 =S
AT AR R HL 77 TR 2% T ER T, e o
eff off
1. Buffer Gas 2. Molecular Lens| |3. State Preparation | |4. State Precession| | 5. State Readout
Beam Source EB
Compact Spin precession extended
Rotational +V\ tol=1m, 7=5ms |
Cooling Hexapole Molecule Beam ‘-‘.‘,)\ F — \
aaaaaaaaaaaaaaa Elbctiie Collimators — 1 Al \"
7777777777 i I
4K Cryopum, QBQ
3 — D |
£ %X‘}' ) G R~ Light Collection
3 T 00 >
51 [NEe o —

|
Pulsed Ablation Laser STIRAP STIRAP I
in (Xto Q) out (Qto X) ¥

Bhung Sing-Kai (Peking Univ.)



BaCkup: eEDM de| <1.1x107® e-cm  @90% CL

MRS, B ST H T ORI T FE AR AR S UR ) R S 7 N R T TR H
ok J L+ FAR/EK (gigavolts per centimeter, GV/em), J1-F-7& S 56 = 1] fil] #% HiL 37 o
FER/NIECE Ji . BT AR M e & IE Lt T H e d3g 98 B /N, 70+ I R
FHE L2 RRr I e AN ECOR N ge 28l X T ThO 4+ 1t
HEWZD NIRRT 84GV/iem, A H Bl LRI 4rF 2 5.

o IRALREER T L I N IR B & S FRE AL B, AR AN & T
H AR R B 5 R ). ARSI 0 T ‘H SRR H G EEELNS (Parity
Doublet).iZ e 2 AT 7E 37 ) A Z 50 A kHz, Ktk a] LR /N ZNEE B3 kAL, 111 1% 6e
2RO AE FE T FR AR AR 52 R I RE AL B K /N AR ], T IR AH . 158 FH BE gt R AN [R] B
S B TEA R 5T N5 75 B, 8 o+ N BT Fr & M N SR R 3 5
). Rl I e G B B 6 A AN R BB 2R, FRATTAT DA S 43+ WS B34 IR HGTEVF 2 HH R
Wi 51 R ARGt vR 2.

I F IR, SR SARE ENR o 1 AR A EDRR 52 I AR A N 13— 20 4 5 BE T UG
M S & B 0 T AR, ASSELS A I ThO 23 SR AE TG T G 03 A Stark el /Y 25 44F
T, BEIR B AL STAR A N RS T PE E 1003 407/ 2 170K /A0 1~ 38
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