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Energy correlator

e One of the very first event-shape observable:
Basham et al., 1978

Energy correlator observables are EEC — l do——"5(v —0.) ~ (P | LA VL) | P @-
infrared & collinear safe o Z d ° 02 (= Op) ~ ([ )E0) | F)

l,]

Inclusive



Energy correlator

e One of the very first event-shape observable:
Basham et al., 1978

Energy correlator observables are EEC=1 oS0y — 0.) ~ (V| L5V L) | P
infrared & collinear safe O'Z.J Q? U l]) (Flet)s) %)
Inclusive

M ag extraction by the scaling behavior

E3C/E2C o @773 OCS(Q)III g Chenetal, 2020

Chen et al., 2023
ag(m,) = 0.1229 190040

—0.0050
CcMS 36.3 fb! (13 TeV)
81.6; Data _NNLLapprox+NP ; GS(gnﬁée 1-0?TI ;U
W[ [§]p*" 97-220 GeV F 0. 2
Q[ [#]p)" 330-468 GeV 5
“1ST [T)p)* 638-846 GeV S
[ [f]p)*: 1101-1410 GeV
1.4
1.3f
1.2f




Energy correlator

e One of the very first event-shape observable:

Energy correlator observablesare  ppe - 2

infrared & collinear safe o
Inclusive

M ag extraction by the scaling behavior

Chen et al., 2020
Chen et al., 2023
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0 Weighing the top quark

Holguin et al., 2022, 2023, 2024
Xiao et al., 2024
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For more examples, see the review: Moult, and Zhu, 2506.09119



Nucleon energy correlator (NEC)

* Proposed as a powerful tool for nucleon tomography by measuring
the energy flow in the target fragmentation region (TFR)

Liu and Zhu, PRL 2023

0 f, gec(X, 0, @): The conditional probability of finding a parton with x

while observing an energy flux from the target remnants in (9, ¢)
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0 Observing gluon saturation and measuring the saturation scale

J

Nucleon energy correlator (NEC)

* Proposed as a powerful tool for nucleon tomography by measuring
the energy flow in the target fragmentation region (TFR)

Liu and Zhu, PRL 2023

0 f, gec(X, 0, @): The conditional probability of finding a parton with x

while observing an energy flux from the target remnants in (9, ¢)

ike EECs, NECs also have many powerful applications

Liu, Liu, Pan, Yuan, and Zhu, PRL 2023 \ L E

J

'As a tool to hunt for the spin dependent odderon in DIS

Mantysaari, Tawabutr, and Tong, 2503.20157 (@m \

A polarimeter for gluon linear polarization
Li, Liu,Yuan, and Zhu PRD, 2025 P
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Nucleon energy correlator for new physics?

My answer: yes! Enable the imaging of partonic dynamics through correlations
between initial-state partons and final-state energy flux in the TFR

In SMEFT framework Dim-6: C; ~ 1/A” O = (Qc"u)r' HW,,
" 0,5 = (Qc""uw)HB,,

Oy = (l_ﬂ” Ve)TIFI W,ﬁ,, \‘2
0.5 = (Lo"e)HB,,

L Oy = (@aﬂyd)TIHWéy
Chirality-flipping for fermions ’ O p = (C_@aﬂ”d)HBW
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Nucleon energy correlator for new physics?

My answer: yes! Enable the imaging of partonic dynamics through correlations
between initial-state partons and final-state energy flux in the TFR

In SMEFT framework Dim-6: C; ~ 1/A” O = (Qc"u)r' HW,,
" 0,5 = (Qc""uw)HB,,

O, = (Lo**e)t'H WI
6, = (La””’e)HB |

L Oy = (@aﬂyd)TIHWéy
Chirality-flipping for fermions ’ O3 = (Qo*d)HB,,

e Essential for understanding anomalous magnetic moments and P, - -

T violating electric dipole moments of baryons E
* The dipole operators are usually quadratically suppressed in E
unpolarized xsec, and polluted by dim-8 operators '

~ O(—)

11
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Transverse SSAs for light-quark dipole operators

, O = (Qo*u)r' HW,, , e Polarized protons
Oup = (égﬂyu)ﬁBﬂv |
| Oqy = (Qo*d)d'HW,,, |

| O3 = (@o"d)HB,, |

Boughezal, Florian, Petriello and Vogelsang, PRD 2023
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Transverse SSAs for light-quark dipole operators

. 0w = (Qo"u)r' HW), , e Polarized protons

Boughezal, Florian, Petriello and Vogelsang, PRD 2023

’ Oup = (égﬂyu)ﬁBﬂv -.
Oy = (C_@U”Vd)TIHWéD ‘
(Go"d)HB,, |

_ o(ph) —o(p)
o(pl) + o(p')

, UT
 Oap =

e Dihadron azimuthal asymmetry

+ _
[1
i Wen, Yan, Yu and Yuan, 2408.07255
] Wen, Yan, Yu and Yuan, PRD 2025
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Transverse SSAs for light-quark dipole operators

, @MW_ (@aﬂ”u)r’HW’ ; e Polarized protons
| 6,5 = (@o™u)HB,,

| Oy = (G d)yT HW., |

Boughezal, Florian, Petriello and Vogelsang, PRD 2023

o(p") — o(pt)

» UT —
, _ o(ph + o(p?
0,5 = (Qc**d) HB,W | (p') (p*)
S Non-pert. correlations
e Dihadron azimuthal asymmetry between SY & SV/P
Wen, Yan, Yu and Yuan, 2408.07255
Wen, Yan, Yu and Yuan, PRD 2025
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Transverse SSAs for light-quark dipole operators

| O,w= (@aﬂ”u)ff HWI ‘, e Polarized protons
’ uB = (@Gﬂyu)HB 24 i
| Oqy = (Qo*d)d'HW,,, |

| O3 = (@o"d)HB,, |

Boughezal, Florian, Petriello and Vogelsang, PRD 2023

o(p") — o(pt)
o(pl) + o(p')

Ul —

* %, Transversity PDF

Non-pert. correlations
between ST & SNIP

\\\ "4
\;4‘\\-&4&‘
1 /./'

e Dihadron azimuthal asymmetry

Wen, Yan, Yu and Yuan, 2408.07255
Wen, Yan, Yu and Yuan, PRD 2025
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Transverse SSAs for light-quark dipole operators

. 0w = (Qo"u)r' HW), , e Polarized protons

Boughezal, Florian, Petriello and Vogelsang, PRD 2023

’ @uB — (égﬂyu)ﬁBﬂV i
l‘; Ogw = (Qo"*d)r' HW,, ‘-;
| O4p = (Qo"d)HB,, |

_ o(ph) —o(p)
o(pl) + o(p')

UT “%, Transversity PDF

Dihad SR t »  Non-pert. correlations
_ e Dihadron azimuthal asymmetr q Nyph
T Y y between ST & S /P;

Wen, Yan, Yu and Yuan, 2408.07255
Wen, Yan, Yu and Yuan, PRD 2025
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Transverse SSAs for lig ht-quark dlpole operators

, O = (@aﬂvu)HHWI |
6, = — (@o™u)HB,,
| Oy = (@™ d)T HW!, |
| 04 = (Go™d)HB,, |

e Polarized protons | Incluswe, BUT require polarlzed nucleon f
Boughezal, Florian, Petriello and Vogelsang, PRD 2023 beams, compromise luminosity

o(p") — o(pt)
o(pl) + o(p')

Ul —

* %, Transversity PDF

Non-pert. correlations

e Dihadron azimuthal asymmetry between S¢ & SN/p!!

Wen, Yan, Yu and Yuan, 2408.07255
Wen, Yan, Yu and Yuan, PRD 2025
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Transverse SSAs for light-quark dipole operators

| O, = (Qo**u)yc’'HW,, | * Polarized protons | Inclusive, BUT require polarized nucleon |
Oy = (@owHB,,

Oy = @BV,
- Oup = (Qo**d)HB,, |

Boughezal, Florian, Petriello and Vogelsang, PRD 2023

_ o(ph) —o(p)
o(pl) + o(p')

Ur

* %, Transversity PDF

Dihad SR t Non-pert. correlations
_ e Dihadron azimuthal asymmetr q Nyph
T Y y between ST & S /P;

Wen, Yan, Yu and Yuan, 2408.07255
Wen, Yan, Yu and Yuan, PRD 2025

¥ Dihadron FF

<4 | Unpolarized proton BUT not inclusive,
~ @(ﬁ) ' e 2 i less events, need PID and delicate
' | tracking

|p) =

(€] =) —e]+))

e
2

19



Transverse SSAs for light-quark dipole operators

| O, = (Qo**u)yc’'HW,, | * Polarized protons | Inclusive, BUT require polarized nucleon |
Oy = (@owHB,,

Oy = @BV,
| Ogp = (Qo**d)HB,, |

Boughezal, Florian, Petriello and Vogelsang, PRD 2023

_ o(ph) —o(p)
o(pl) + o(p')

UT “ N, Transversity PDF

Dihad SR t > Non-pert. correlations
_ e Dihadron azimuthal asymmetr N{ph
T Y y between Sf, & S7/P;

Wen, Yan, Yu and Yuan, 2408.07255
Wen, Yan, Yu and Yuan, PRD 2025

™ Dihadron FF

<4 | Unpolarized proton BUT not inclusive,
~ @(ﬁ) ' e 2% i less events, need PID and delicate
’ | tracking
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Quark transversity NEC

e QOperator definition for quark NECs:

e (P g ) LT EO, $)Z,(0)p(0) | P)

) 4r :

The conditional probability of finding a quark with x inside the target
nucleon, while observing an energy flux at the solid angle (0, ¢) in the TFR

21



Quark transversity NEC

e QOperator definition for quark NECs:

Energy flow operator

" bk B D+, — f E ;
M (x, 0, ) = %e‘”‘f’ T(PlEM)LIMITED, 9)Z, 0 (0) | P) | EO.)1X) = ), 507 = 075 = $)| X)
| T m—— iex —N

The conditional probability of finding a quark with x inside the target
nucleon, while observing an energy flux at the solid angle (0, ¢) in the TFR
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Quark transversity NEC

e QOperator definition for quark NECs:

Energy flow operator

M, 0.9) = | e (PO LIOTEE. )L, OO |P) |

I 80,9)|X) = ) —680%—095(p, — ¢)| X)
E

iex N

The conditional probability of finding a quark with x inside the target
nucleon, while observing an energy flux at the solid angle (0, ¢) in the TFR

e The leading-twist chiral-even unpolarized quark NEC (I" = y™):

See more in Chen-Ma-Tong, JHEP 2024 f4(x, 0% = M N(x, 0, i)
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Quark transversity NEC

e QOperator definition for quark NECs:

Energy flow operator

M, 0.9) = | e (PO LIOTEE. )L, OO |P) |

| €0.01X) = ), =507 = 0)5(¢h, — P)|X)

iex N

The conditional probability of finding a quark with x inside the target
nucleon, while observing an energy flux at the solid angle (0, ¢) in the TFR

e The leading-twist chiral-even unpolarized quark NEC (I" = y™):

See more in Chen-Ma-Tong, JHEP 2024 f4(x, 0% = M N(x, 0, i)

e We introduce the chiral-odd quark NEC (I'* = i6*"ys, a = 1,2) in the unpolarized nucleon:

azimuthal angular correlation Ditference in probability of finding a quark

of energy flux

polarized along the transverse direction of

the energy flow vs in the opposite direction

24



Probing the quark dipole operators with transversity NEC

e \We consider the energy pattern within the TFR in inclusive DIS with an unpolarized nucleon:

e+P—-e+X

e \We define the energy pattern xsec as:

20,4) = Y Jdo-”f”l’”Eé(eQ ~ 9)5(¢p — )

E
eX N

25



Probing the quark dipole operators with transversity NEC

e \We consider the energy pattern within the TFR in inclusive DIS with an unpolarized nucleon:

e+P—-e+X

e \We define the energy pattern xsec as:

20,4) = Y Jdo-”f”l’ﬂﬂéwz ~ 9)5(¢p — )

E
eX N

Collinear factorization:

TFR: OP™ < 0 2 X H(Qnu“a CIZ) ® fNEC(wa 97 ¢7 :U“)

Same as in standard
inclusive DIS
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Probing the quark dipole operators with transversity NEC

e \We consider the energy pattern within the TFR in inclusive DIS with an unpolarized nucleon:

e+P—-e+X

e \We define the energy pattern xsec as:

20,4) = Y Jdo-”f”l’ﬂﬂéwz ~ 9)5(¢p — )

E
eX N

Collinear factorization:

TFR: OP" < 0 2 X H(Q):UH CIZ) ® fNEC(wa 97 ¢7 :U“)

Same as in standard
inclusive DIS

NEC as a quark polarizer
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Probing the quark dipole operators with transversity NEC

e \We consider the energy pattern within the TFR in inclusive DIS with an unpolarized nucleon:

e+P—-e+X

e \We define the energy pattern xsec as:

20,0)= Y Jdo-”f’*’”ﬂé(ez ~ 9)5(¢p — )

E
eX N

Same as in standard
inclusive DIS

% Collinear factorization:
- TFR: 0P < Q 21 X H(Qnu“a 213) ® fNEC(xaea ¢7 ,U)

Consider first both electron and proton beams are unpolarized:

NEC as a quark polarizer
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Probing the quark dipole operators with transversity NEC

e \We consider the energy pattern within the TFR in inclusive DIS with an unpolarized nucleon:

e+P—-e+X

e \We define the energy pattern xsec as:

20,0)= Y Jda”f””ﬂﬁéwz ~ 9)5(¢p — )

E
eX N

Same as in standard
inclusive DIS

% Collinear factorization:
<1 TFR: OP" < Q 2 X H(Q,,U, 213) X fNEC(xaea ¢7 ,U)

Consider first both electron and proton beams are unpolarized:

2 UU(@) ~ fl(x, 6’2) Unpolarized quark NEC

NEC as a quark polarizer singg ycos¢p ot 2
quark p g $eost o pl(x, 6%)

29
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Probing the quark dipole operators with transversity NEC

Consider first both electron and proton beams are unpolarlzed

>(0, ¢) UU(@) + 281n¢(9)31n ¢ + ZCOS¢(8)COS ¢

I % Within the SM

/ 2(0) ~ fi(x, 0%) Unpolarized quark NEC

_ Sj{‘}"’ \,Q?,/ ]/ Z
—% " W/ * x Z;}I;;b, ZCOS N h{ (x, (92) Transversity NEC

Vanishing to all orders in ag

NEC as a quark polarizer  TFR: 9P <« QO
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Probing the quark dipole operators with transversity NEC

Consider first both electron and proton beams are unpolarlzed

>(6, ¢) UU(@) + 281n¢(9)s1n ¢ + ZCOS¢(6’)COS ¢

i‘ % Within the SM

2(0) ~ fi(x, 0%) Unpolarized quark NEC

Zi}?fp, ZCOS N h{ (x, (92) Transversity NEC

Vanishing to all orders in ag

: 2 \j

| _ 2 rq AN
NEC as a quark polarizer TFR: OPT < Q | dedQ2 Q4 (y 2y +2) Z Q f (xBa 0 ) |
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Probing the quark dipole operators with transversity NEC

Consider first both electron and proton beams are unpolarlzed

26, ¢> Zyu(6) + 281“¢<9>s1n¢ + 2“’8¢<e>cos¢ ﬂ

With the dipole operators
% 2 UU(Q) ~ fl(x, 6’2) Unpolarized quark NEC

/ Z;}sz, ZCOS P~ h{ (x, (92) Transversity NEC

Yy
‘ ’ ¢’/ [/ xr
0 gk \ - : ‘ )_v
rS [}'W/ 2
-~ »_/»____ L,

NEC as a quark polarizer  TFR: 9P <« QO

32



Probing the quark dipole operators with transversity NEC

Consider first both electron and proton beams are unpolarlzed

>(6, ¢) UU(@) + 281n¢(9)s1n ¢ + ZCOS¢(8)COS ¢

With the dipole operators
% 2 UU(H) ~ fl(x, 6’2) Unpolarized quark NEC

/ Z;}sz, ZCOS P~ h{ (x, (92) Transversity NEC

dz%qb _ e \/1 _ Z h'9(xp, 6%)
| dxgdQ? ecysy Q(Q? m%) ~ 1
. meea.rly determined by the Re or Im of C; | y { [2 Y, age gggj] elc,, ] quﬁRe[qu]} |
individually ' by T :
e Uniquely generated by the light-quark Relc,, ;1 — —1m[c,, ;] ey ZZE)ZZ
B

dipole operators N



Probing the quark dipole operators with transversity NEC

Extend to include a longitudinally polarized electron beam:

26, $) = Zyy(0) + 20 (@)sin g + Z50° Y (O)cos § +7, |27 Y(O)sin p + 2502 Y(O)cos gb]

! j dzzi(n] ’ 4”05 Y \/_ t
| . — cm q
R

Q- 1 [2-y ., 1 Releg, | . _ |
Q% + mz cysy [ y 88t gggV] Cw S CysvReleyl 7.

34



Probing the quark dipole operators with transversity NEC

Extend to include a longitudinally polarized electron beam:

26, $) = Zyy(0) + 20 (@)sin g + Z50° Y (O)cos § +7, |27 Y(O)sin p + 2502 Y(O)cos gb]

-
dxpd(Q? / hl “(xp, 0) X { O/Relc,, ]
q
0> 1 '[2 -y, Relc, ] 11 |
— ¢+ g! e] Re[c
0% 11 ey ||y Sa8aH 88V T Q,8vRel qz] |
Parity violation from Generated via yy

electron longitudinal interference, without Q?/ m%

Enhanced sensitivity

polarization suppression

35



Calorimetric asymmetries

 \We introduce azimuthal angle aymmetries of the energy pattern:

mX(w >0) —X(uw <0)

U= sin COS
2¥(uw>0)+2(uw<0) p or ¢

: — w
Unpolarized e™ beam Al =

36



Calorimetric asymmetries

 \We introduce azimuthal angle aymmetries of the energy pattern:

" mX(w >0) —X(uw <0)
U 23w > 0) + 2(u < 0)

Unpolarized e™ beam U= Sin ¢ or cos @

Y(w > 0) : the O-weighted energy pattern xsec integrated over the region with w > 0:

2
ernz

I 2T
Y(w>0)= /92 d92w(9)/0 doX(0, ¢)O(w)
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Calorimetric asymmetries

 \We introduce azimuthal angle aymmetries of the energy pattern:

" mX(w >0) —X(uw <0)
U 28w > 0)+ 2(w < 0)

Unpolarized e™ beam U= sin ¢ or cos ¢

Y(w > 0) : the O-weighted energy pattern xsec integrated over the region with w > 0:

0 hax 2m
X(w > 0) E/ d92w(9)/0 doX(0,¢)0(w)

)

e The O-weighting introduced here is to making use of the following remarkable correspondences:

d?k
EN/d92|sin9|f1(:v,92) =/ 27T—L|kj_|ﬁ1($,ki) == Unpolarzied quark TMD

L2k k2 Liu and Zhu, arxiv: 2403.08874
ENdeZISinBIhtl(a:,Oz) :/ 27: A}ﬁf(x’ki)

Boer-Mulder quark TMD
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Calorimetric asymmetries

 \We introduce azimuthal angle aymmetries of the energy pattern:

" mX(w >0) - X(uw <0)

— U= SIn @ or COS
YU 28(w > 0) 4+ 2(uw < 0) ? ¢

Unpolarized e™ beam

Y(w > 0) : the O-weighted energy pattern xsec integrated over the region with w > 0:

62 27
Y(w > 0) E/ d92w(9)/0 doX(0,¢)0(w)

)

e The O-weighting introduced here is to making use of the following remarkable correspondences:

d?k
EN/d92 |sin9|f1(a:,92) :/ 27: |kL|f1(CB,k2¢) == Unpolarzied quark TMD

L2k k2 Liu and Zhu, arxiv: 2403.08874
E;V /d92 ‘bln9| hi(:z:,92) — / 27‘-J_ Ml—fbi]-(x,ki)

' Allow us to infer the NECs from j'
'MDs!

Boer-Mulder quark TMD

' @ Non-perturbative inputs
for quark NECs

existing global fits of ']
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Calorimetric asymmetries

 \We introduce azimuthal angle aymmetries of the energy pattern:

" T X(w > 0) — X(uw < 0)

— U= Sin COS
YU 28(w > 0) 4+ 2(uw < 0) P or ¢

Unpolarized e™ beam

Y(w > 0) : the O-weighted energy pattern xsec integrated over the region with w > 0:

Onra 2m
Y(w > 0) E/ d92w(9)/0 doX(0,¢)0(w)

7

e The O-weighting introduced here is to making use of the following remarkable correspondences:

d?k
EN/d92 |sin9|f1(a:,92) =/ 27: |k_l_|ﬁ1(93,k:?|_) == Unpolarzied quark TMD

L2k k2 Liu and Zhu, arxiv: 2403.08874
EN]dHQ\sinBM’i(a:,Oz) =/ 27: ﬁﬁf(x)ki)

' Allow us to infer the NECs from j'
'MDs!

Boer-Mulder quark TMD

' @ Non-perturbative inputs {_ Measuments of NECs are expected
for quark NECs to be accomplished at EIC, JLab...

existing global fits of ']
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Calorimetric asymmetries

Longitudinally polarized e~ beam

. |E6ing >0, —26ing <), _,,| - [S6ing > 0)[,__, - Ssing <0)[,__,]
2 2(sing¢ > 0) |/1€:+1 + 2(sin¢ < 0) |/1€=+1 + 2(sin¢ > 0) |/1€:_1 + 2(sin ¢ < 0) |/le=—1

/ Incorporating the spin .

sing __
ALU o

asymmetry
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Calorimetric asymmetries

Longitudinally polarized e~ beam

. |E6ing >0, —26ing <), _,,| - [S6ing > 0)[,__, - Ssing <0)[,__,]
2 2(sing¢ > 0) |/1€:+1 + 2(sin¢ < 0) |/1@=+1 + 2(sin¢ > 0) |/1€=—1 + 2(sin ¢ < 0) |/1€:_1

,j Incorporating the spin |

sing __ ‘
A’ = ~ asymmetry |

Ayy ALy
107%¢
0 = 10GeV F Q0 =10GeV

0 = 20GeV

0 = 20GeV
)

—

30 GeV

0 = 30GeV

sin ¢
UU

|A

107 F

e
- - .
---
--
- -
-
-~
.

— Cuy = V/( ‘/iTeVZ) p ’ — Cuy = V/( ‘/ETeVZ) p
- ¢z = v/(V2TeV?)

== ¢z = 200 X v/( V2TeV?)

10° 102 10! 100

Xp XB
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Projected sensitivity at the EIC

Athyi — Aexp,i | ~ o . . . .
X° = Z [ th’z(SA‘ : p’z] A(S}?jqﬁz e Assuming single-operator dominance, it constrains the Wilson
. 7 ' .
' A=1TeV coefficients almost at the O(1) level (purple dashed lines)
2 T — T ,
- EI : : * . : : :
» CAsiw v\l 1t ; j e Both coefficients considered simultaneously, the resulting
1 o : 1 constraint ellipse elongated into a purple band =y
= ASln,-('b : St : .
' CLL’b. ) . Strong correlation between C,; and C
ST SRR AN S, A AR ALsilrjlf/): * Single-operator constraints can reach 0(0.01) ~ 6(0.1) level
~ i : :
1: , i : * The orentation of corresponding blue band is different from
1 : i : | sin ¢
[ == """ /A o ?'E" Y :'"""""'""". thatOfAUU
23 ~2 101 2 3

Their combination confines the allowed region to
a very narrow area highlighted in red!

Vs =105GeV, Z =100fb~"!

€ [10,60]GeV, x € [0.01,0.5 o
cel 1oey, xel | Similar for Im[C;] from the cos ¢-asymmetry

Inelasticity cut: 0.1 <y < 0.9
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Comparision among HERA, the EIC and the LHeC

A=1TeV
1 I I L] | | I L ! ! | 1 ! ! ] 1 ! L A A (’ llllllll \
EIC
LHeC x 10
HERA
\ _J
-3 -2 —1 0 | 2 3

 No requirement on a polarized nucleon beam

Available HERA data can be used!

e HERA benetits from higher—Q2 coverage, while

ower luminosity results in slightly weaker sensitivity
compared to the EIC

e HERA provides better discrimination between
operators

e \With even higher energy and better luminosity, the
LHeC could outperform both HERA and EIC by an
order of magnitude
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Summary

e \We introduce a chiral-odd NEC that provides a powerful framework to probe EW

N—

light-quark dipole operators in inclusive DIS without requiring a polarized proton

beam

® Qur approach eliminates the need for nucleon polarization and relies entirely on
inclusive calorimetric measurements, without particle identitication or hadron

reconstruction

 Our work offers a new technique to search for new physics

Thank You!
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Backup: operators

O,w = (C_Qa””u)TIHWI '

SSB g Cd}/ (d 6 d )F,m/_l_ C ( )F’tw

,l/tl/

O, = (Qc"™wHB,,, | |
: Ogw = (Qo"d)r'H Wxﬁv’ ‘ +Cdz (d % ) 2=+ Cuz( ,uvuR) Z' +h.c.

Cop = (v/\/zAz)(cWCqB + SWCqW>
Cqz = (VI \/_Az)( ¥ CWCqW>
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Backup: complete analytical formulas

dZUU . 27'('&2

SM: dzpdQ? ~ Q@

2Q° Qq

Q2 + mQZ (Cwsw)2

2N fl(zs, 92){@3(?/2 —2y+2) + [929?4 (y—2)y — gv9v (y* — 2y + 2)]
q

* (CW«:‘W)‘l (Qz ?r m2 ) [(xﬂ — 2y +2)[(92)* + (9V)71[(9%)° + (9%)°] — 4y(y — 2)9392’49%9?/] } -

dE?}?]‘f’ AToe? yv1—1y . 2—y Re[cgn]
— em Rt 92 [ q e q e] ayl e
drpd@? ecwsw Q(Q2 + mQZ) Eq: 1 (333, ) Yy Ja9v + 9v 94 Cis S quARe[CqZ]

1 Q° [2—y[

+
(ewsw)?2 Q%2 +m7 L y

(92)° + (9%)°19% + 292969%] Re[cqz]},

Dipole ops.:

sin ¢ 2 —
dX; :47rozem yv/1—vy Zhi’q(SUB, 0)
dz pdQ? Q3 e -

Q’ 1 [[Q—y q e Relcqy]
Y

q e . eR
Q% + mZ cwsw 9A9A+9v9V] P—— Qq9v e[CqZ]]

X {QqRe [Cgny] —

B (Cwi‘w):‘ (chi mzz) [[(951)2 +(9%)%gv, + 2(2; y) gjgig%] Re[cqz]}
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Backup: more results

Collider V8 [GeV] L [fb~] P. Q [GeV] Y TB
EIC [1] 105 100 70% 10, 60] 0.1,0.9] 0.01,0.5
HERA [4, 5] 318 0.4 40% 130, 150] 0.1,0.9 0.01,0.5
LHeC [6] 1300 50 80% (100, 1000] 0.1,0.9] [0.005, 0.9]
l.O',rYI.,,,]:...,...: ,,,,,,,,,,
ar :, EIC | ;
| @ Ay ; i
| |0 Az E E
pAS 0 - |:] CombinedJ E E
o R
.............. é — : : R é
EIC : :
[ 4 |
|3 ALY ~0.5}
‘EI Combined
_al _ , . -
m—— b S




Backup: more results

RC[Cuz] RC[Cdz]
-3 -2 -1 0 1 2 3 -7.5 -5.0 -2.5 0 2.5 5.0 7.5
3 (0 BIC ' 17
EE] LHeC x 10 _
2| HERA 15.0
) ]2
T | :
S o 10
= )
o
-1t -2.5
! -5.0
Y .
WY Y T P | T T T j —7.5
T [T 1 s
3 i 7
9 ) 5.0
h 125
s | -
g of 1o
) [ ]
~ i
-1t -2.5
2 -5.0
Y .
NP S DY D | SN S P S 1-7.5
-3 -2 -1 0 1 2 3 -7.5 -5.0 -2.5 0 2.5 5.0 7.5
RC[CuB] RC[CdB]

Re[Cay]



