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'3%@%‘ Motivation

Rare decays are a great place to test the Standard Model

Suppressed in the Standard Model — New physics can be competitive

Flavour changing neutral currents are particularly sensitive area e.g.b — sCC

Forbidden at tree level MUSTV?/QFCW via loops
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'3%@%‘ Motivation

Rare decays are a great place to test the Standard Model

Suppressed in the Standard Model — New physics can be competitive

Flavour changing neutral currents are particularly sensitive area e.g.b — sCC

Forbidden at tree level MUSTV?/QFCU" via loops

. LQ ™,
New Physics processes . "
could be competitive

2 MONASH University Moriond QCD Tom Hadavizadeh



@5 Rare decays at LHCDb

Rare decays can provide a wealth of information

Lepton flavour

universality tests
- BBT > Kutu)
; BB+ - Ktete™)

Branching fractions

dI'(BT - Ktu*tu)
dg?

Experimentally more Precise theory
straight forward predictions

Ry
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@‘5 Rare decays at LHCDb

Rare decays can provide a wealth of information

Lepton flavour

universality tests
BBT - Ktutu)
BB+ - Ktete™)

Branching fractions

dI'(BT - Ktu*tu)
dg?

Experimentally more Precise theory
straight forward predictions

ECAL M4 MS
SPD/PS
RICH? HCAL M

é&a‘s

RK=

‘ LHCDb is an excellent place to study rare processes
\\ - Precise tracking

Efficient hadron and lepton PID

Large samples of b and c-hadrons collected in Run1 + Run2

Moriond QCD Tom Hadavizadeh



loday's outline
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Rare leptonic decay

J/q/ — !l/t+!l/t_!l/t | 7 LHCb-CQNF-2024-OO1,
Observation of the rare decay

Jhwy— p uu

ST s LSS ; °d A T Colag £ s e A Zr St Al Ay St Cas Tl Tobnd £ iasl = D asd -
>, . .- > Lo 2 og P Ny, wa .- oy Ll - S . B = S on e - > g _ - - >

Rare semileptonic decay

: 0 %0 B LHCb-PAPER-2024-011, in preparation
B" — K H H Comprehensive analysis of local and nonlocal

amplitudes in the BY — K %u*u~ decay

TN L) 720 B, B WX AW 2557 <o AN 5 088 Ve VR o "D, 2. WO NI AG 53 N N L 7518 TN .U
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A 9 ' J / l// N //l + //l — //l + //l — LHCb-CONF-2024-001

Electromagnetic process that proceeds though final-state
radiation of a virtual photon

Four lepton decays of heavy quarks are not well studied
C
_|_

Precise SM prediction:
BJly = utuutu™) =9.74+0.05) x 10~/

Similarity to FCNC processes make this measurement
W. Chen et al, [PRD 104 (2021) 9, 094023]

very useful for understanding FSR  €.9 BO — U

Tom Hadavizadeh
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Electromagnetic process that proceeds though final-state €= n

radiation of a virtual photon = H

Four lepton decays of heavy quarks are not well studied ; 7 v "
C ot

Precise SM prediction:
Similarity to FCNC processes make this m%asurement | By — utu—utu™) = (9.74 £0.05) x 1077
very useful for understanding FSR e.g Bs — //i+//i u u W. Chen et al, [PRD 104 (2021) 9, 094023]

The state of play

sESII

JIy — ete eTe

Jly — eTe utu~
B/ tuptnT) = (10,1532 £ 0.4) X 1077
By — ptuptuT) < 16 x 107 (Ul = p ') = (10157 £04) v
PRD 109. 052006 (2024) [arXiv:2403.11352] As of 17th March 2024

Tom Hadavizadeh
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https://doi.org/10.1103/PhysRevD.104.094023
https://arxiv.org/abs/2403.11352
https://doi.org/10.1103/PhysRevD.109.052006

mcp ' Analysis strategy

Measures the branching fraction B(J/w — u™u~u" ™) relative to normalisation channel J/yw — u™u~

B(J/p— prp=p ™)
B(J/p— ptp~)

Rpr =
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mc}) ' Analysis strategy

Measures the branching fraction B(J/w — u™u~u" ™) relative to normalisation channel J/yw — u™u~

B(J/Y— p ™)

RBR —

B(Jp— php~)
J/y from two origins are used:
Prompt Secondary Iy
Jly B
P P

v High production rate X Lower production rate

X High background rates v Lower background rates

X Requires tight selection v Profit from B decay triggers

Dedicated BDT algorithms are trained to reject combinatorial background
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Yﬁ (\ R e S u I tS LHCb-CONF-2024-001

| | Prompt Secondary
JIw — u"u"u"u" is observed in both Sl [ Fhe «;;?(8)8_ - o
. . . 3 - o — Total fit model - 5 n . ) —— Total fit model 1
samples with a large significance ( > 50) 2 120 f LHCb prefiminary Wty e ] 2 160E LHCO preliminary [l g ey
l‘Q 54t Background i :Q 140 - 54ty Background E
Z100F 4 T ]
3 o Jr + | 71200 | :
5 %FL4 I S100F =
e 6oJr T } 1 1% Soﬁlr#l# HJ[ 1++r++l 1
01166 + 27 _; ‘2‘8‘286 +ﬁ \
2%00 3000 32|00' | '34_;00 2%00 3000 32|00' | '3400
m(utuutu) [MeV/c?] m(utuutu) [MeV/c?]
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Bl 5 ' R esu I-t S LHCb-CONF-2024-001

| | Prompt Secondary
JIw — utu~utu" is observed in both N [+ s
. . . O - . — Total fit model - B N o — Total fit model
samples with a large significance ( > 50) 2 120 f LHCb prefiminary Wty e ] 2 160E LHCO preliminary [l g ey
l‘Q B 54t Background i :2 140 - 54ty Background e
Z100F 4 T ]
3 o Jr + | 71200 | :
5 %FL4 I S100F =
e o0fTHTTT } 1 1% 80# 1 HJ[ 1++r++l 1
S ot ] S oop ++T AR
01166 + 27 | u2s6 +ﬁ \
2%00 3000 32|00' | '34_;00 2%00 3000 32|00' | '3400
m(utuutu) [MeV/c?] m(utuutu) [MeV/c?]

By — T pTuT) =
(11.3+1.0+0.5+0.1)x 10~/

Most precise measurement to date
Consistent with SM within 1.4o

2 MONASH University Moriond QCD Tom Hadavizadeh



@‘g ' R esu I-t S LHCb-CONF-2024-001

| | Prompt Secondary
JIwv — u"u"u"u" is observed in both Tuof T e o gfgg_ T bm |
. . . > - o — Total fit model - > n . ) —— Total fit model
samples with a large significance ( > 50) 2 120 LHCo prefiminary It ] S 160F LHCO preliminary [} e
8100 :_ 54t Background _: gl 40 ;_ 54 ! Background :
% 805 + + 1 5120:— E
s P14 I =100F -
é o0fTHTTT } 1 - é Soqf#l# HJ[ 1++r++l 1
© 4oL 1 3 6ok +T T+++ ; —[
0166 £ 27 _; ‘2‘8‘286+3 \
2%00 3000 | 32|OO II I34_;OO 2%00 3000 | 32IOO III 3400
% / | 4+ — m(utuutu) [MeV/c?] m(utuutu) [MeV/c?]
Iy = p u " u) =
(11.3+1.0+05+0.1)x 1077
% 03[ B —4- Data E T,; O.2§—+—Data : . a8 _;
= 26 QED model ] & 0.18E QED model ! ! —— —
é 0.25F + e mott S 0.16E7 " prusespucemotel __| i E
Most precise measurement to date £ 02f LHCgpfe;;mmafy 1 Zonl "Sfbm 1 :
3 0.15F * 3 2 Olf ; ; E
Consistent with SM within 1.46 3 3ot Jr
T e 003;——5‘(?4' T
Dimuon mass distributions agree with QED 0 min (i) MeV/e?] max me o) [MeV/e?]

predictions
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LHCb-PAPER-2024-011,

B - K *O,u "~ A very brief history in preparatior

B’ - K*O,uJF,u_ has caused lots of interest in the community

b — su™u~ Weak Effective Theory

7L ZCi@i

b

Electromagnetic C7( )

Vector C9( )
Axial vector Cl(g
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B - K*O,qu,u_: A very brief history

LHCb-PAPER-2024-011,

In preparation

B’ - K*O,uJF,u_ has caused lots of interest in the community

b — su™u~ Weak Effective Theory

7L Zci@i

b

Electromagnetic C7(')
Vector Cg(/)
Axial vector Cl(g

Tensions have remained for ~10 years

2011: 1 fb~!
- A—————————————————] _ _1
0.8 LHCb SM Predictions N - 1 Run .1- 3 fb
0.6 4| |~ - - _
0_4=+— on ) _ . : Run 1 + 2016: 4.7 fb~!
o2l 7T ] 0.5 :+_ SM from DHMV S
0_'_'_'_I'_'_ ''''''''' - - _ ~ | LHCb Run 142016 1
'3'2 B 7 Op = J 77 SM from DHMV ]
0.4l - A 0.5 .
-0.8- —+— —_ Sf ) -
I T T TS + _+_ O: — —
draevon| | A of BH %8
¢* [GeV?/c*] ; SN Sagl R=Sus
[LHCb-PAPER-2013-037] b ] i
[LHCb-PAPER-2015-051] T S R

Discrepancies are present in multiple
observables and the differential decay rate

[LHCb-PAPER-2020-002]

23 MONASH University Moriond QCD
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https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2015-051.html
https://lhcbproject.web.cern.ch/Publications/l/LHCb-PAPER-2020-002.html
https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2013-037.html

LHCb-PAPER-2024-011,

B - K *O,u "~ A very brief history in preparatior

B’ - K*O,uJF,u_ has caused lots of interest in the community

Tensions have remained for ~10 years

b — su™u~ Weak Effective Theory

2011: 1 fb~!

Run 1: 3 fb~!
R ] Run 1 + 2016: 4.7 fb~!

LHCDb
SM from DHMV

QCZOCZCI-@Z- e

LHCb Run 1 + 2016 -

b J || SM from DHMV :
- , + :
Electromagnetic C() ........ ] i ]
15 n —

’%/) q2 [G€V2 / C4] - % +——+—;

Vector ( [LHCb-PAPER-2013-037] P :

9 [LHCb-PAPER-2015-051] — T —

1 ! 2 [GeV?2/c4

Axial vector C() ¢* [GeV/c]
10 [LHCb-PAPER-2020-002]

Discrepancies are present in multiple
observables and the differential decay rate

Tom Hadavizadeh
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https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2015-051.html
https://lhcbproject.web.cern.ch/Publications/l/LHCb-PAPER-2020-002.html
https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2013-037.html

LHCb-PAPER-2024-011,

B - K *O,u "~ A very brief history in preparatior

| Alguerd, M., Biswas, A., Capdevila, B.
| [EPJC 83, 648 (2023)]

10 years

b — su™u~ Weak Effective

7L ZCi@i

Run 1 + 2016: 4.7 fb~!

i‘” 1_' ! ! ! ] ! ! i ! | ' ! ! ! ] ! ! '_
- LHCb Run 1 + 2016

ﬂ || SM from DHMV

B e By — pup+ B — X, 00 Fit
By — opp Fit
——————— B — KUl Fit
——————— B — K*0l Fit
- RK(*) & Q4,5 kit
——— b — sup Fit
— Global Fit

b

Electromagnetic C7(')
Vector Cg(/)
Axial vector Cl(g

-
-
-

+zs

[LHCb-PAPER-2020-002]

= =

ABCDMN*23

rate

Current measurements point to an anomalous vector contribution

2 MONASH University Moriond QCD 8 Tom Hadavizadeh


https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2015-051.html
https://lhcbproject.web.cern.ch/Publications/l/LHCb-PAPER-2020-002.html
https://lhcbproject.web.cern.ch/Publications/LHCbProjectPublic/LHCb-PAPER-2013-037.html
https://doi.org/10.1140/epjc/s10052-023-11824-0

LHCb-PAPER-2024-011,

New physics or QCD?

————— e

ar - |
d¢” C, 7Y/ v At
/-

C9 CIO

The BY = K ’u* 1~ decay doesn't live in isolation...

1 | | >
4m; 1 6 15 ¢* [GeV?]
g =m(utu)
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LHCb-PAPER-2024-011,

New physics or QCD?

" _ L _
The B — K %u*u~ decay doesn’t live in isolation...
[ RO K0

Jly
dr A '
E w(25)
C7
The final state receives large
Interference contributions from ‘charm-loop’ N
[\‘ resonances £
Broad cC r
C9 CIO resonances
] | | >
4m? 1 6 15 ¢* [GeV?]
q* = m(utp~)?
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LHCb-PAPER-2024-011,

New physics or QCD?

The BY = K ’u* 1~ decay doesn't live in isolation...

—_————
BO K™

Jly
dr A '
32 w(2S)
q C7
The final state receives large
Interference contributions from ‘charm-loop’ .
™ resonances r
Broad cc¢ f_
resonances
C9 CIO
Many of the contributions are vector-like
— This mimics the Cy contribution
4m|§ ! 6 15 g2 [GeV?] Can we model them?
q> = m(utp~)

23 MONASH University Moriond QCD

Tom Hadavizadeh



LHCD.

-
-
0

<

Current status

Binned measurements

— [LHCb-PAPER-2020-002]
I& -~ 1E — T T T 1 T ' T T T . T T T ]
— . LHCb Run 1 + 2016
ﬁ'. E SM from DHMV ]
. n 0.5 - »—l— ]
© = -
v— _ i
S OF :
+ i + = i
™ _0 5 | { - N —

- —— = Q —t—
::5 - S 1 = —t—
m —1__ A eesreeer SN B B —
0 5 10 15

g* [GeV?/c4]

e Model independent

Measure observables in bins of q2

Unbinned measurements

a” ' ' [LHCB-PAPER-2023-032] -
1 § LHCb 4.7 fb~!
_ %“‘;
O B | “‘i; o
- K
i F— |
-1 | | | B
05 ! | |
> [ A Vs u .
LooobFr G550 5 N R
Q. i
< -
_0.5 [ ' | ' R R T TR T T R T T R e
0.0 2.5 5.0 7.5 10.0 12.5

Model dependent

q2 [GeV?/c?

Use model of local and nonlocal
contributions to extract Wilson

coefficients directly
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https://lhcbproject.web.cern.ch/Publications/l/LHCb-PAPER-2020-002.html
https://arxiv.org/abs/2312.09102

LHCb-PAPER-2024-011,
Y“Cp ' N eW reS U ItS In preparation

v Unbinned amplitude analysis to the whole q2 = mz(//ﬁ/f) region
v First measurement using the full Runi [2011-2012] and Run2 [2016-2018] data

DisperSiOn Local Non-local contributions

Re|atIOn Ceffxl(q2) _ C,u 4 Y(O)/l YlPl(q2) 4 Yl (q2) 4 Y2P/1(q2) 4 %(q2)

. 0
C7eff,/1(q2) — Cét 4 exlela)

C. Cornella, G. Isidori, M. Kbnig, S. Liechti, P. Owen, N.
Serra [Eur.Phys.J.C 80 (2020) 12, 1095]
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LHCb-PAPER-2024-011,
Y“Cp ' N eW reS U ItS In preparation

v Unbinned amplitude analysis to the whole q2 = mz(//ﬁ/f) region
v First measurement using the full Runi [2011-2012] and Run2 [2016-2018] data

DisperSiOn Local Non-local contributions

Relation CS™(g%) = C’“‘ + Y(O” Vi) + Y@ Yo (@) + Ylg®)

Ceff/l(q2) _ C,u 4 6/1 i

-
\_ S
1-particle
contributions
Includes:
w(782),  w(25),

p(770),  w(3770),

$(1020), w(4040), C. Cornella, G. Isidori, M. Kénig, S. Liechti, P. Owen, N.
J 1y, w(4160) Serra [Eur.Phys.J.C 80 (2020) 12, 1095]
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LHCb-PAPER-2024-011,
Y“Cp ' N eW reS U ItS In preparation

v Unbinned amplitude analysis to the whole q2 = mz(//ﬁ/f) region
v First measurement using the full Runi [2011-2012] and Run2 [2016-2018] data

Local Non-local contributions

(g% + Y,.(q°)

Dispersion
Relation  C™(¢*) = C’“‘ + YA YN + Y

0

Ceff/l(q2) _ C,u 4 6/1 10,

= (0

_ AN i;/

1-particle 2-particle
contributions contributions
Includes:
o(782),  w(2S), 'I;l%'“de"“
p(770),  w(3770), D*l%
$(1020), w(4040), D*Dy C. Cornella, G. Isidori, M. Konig, S. Liechti, P. Owen, N.
Iy, w(4160) Serra [Eur.Phys.J.C 80 (2020) 12, 1095]
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LHCb-PAPER-2024-011,
Y“Cp ' N eW reS U ItS In preparation

v Unbinned amplitude analysis to the whole q2 = mz(//ﬁ/f) region
v First measurement using the full Runi [2011-2012] and Run2 [2016-2018] data

Non-local contributions

Dispersion -oeal
Relation Cs™M(q”) = C’“‘ + YO A Vg% + Yot

. 0
C7eff,/1(q2) — Cét 4 exlela)

O N e N

_ AN il/\ﬁ -

1-p?rthle 2-particle Tau loop
contributions contributions contribution
Includes:
o(782),  w(2S), Includes: Sensitive to C;
p(770),  w(3770), il
$(1020), w(4040), ¥ C. Cornella, G. Isidori, M. Kénig, S. Liechti, P. Owen, N.
J 1y, w(4160) Serra [Eur.Phys.J.C 80 (2020) 12, 1095]
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LHCb-PAPER-2024-011,

Y“(\ N eW reS U ItS In preparation

v Unbinned amplitude analysis to the whole q2 = mz(//ﬁ/f) region
v First measurement using the full Runi [2011-2012] and Run2 [2016-2018] data

Local Non-local contributions

Dispersion
Relation  C™(¢*) = C’“‘ + YA YING) + Y

Ceff/l(q2) _ C,u 4 6/1 i

This is determined c) K*O\ ( 0 \

BO
theoretically at V - M
. [~
negative q2 values
\ [ / \ I+ j
Subtraction term 1-particle 2-particle Tau loop
| | contributions contributions contribution
Asatrian, Greub, Virto Includes:
[JHEP 04 (2020) 012] 0782, w(2S), Includes: Sensitive to C
" w(3770) DD,
Negligible impact from light p(770), 4 ’ D*D,
quarks $(1020), w(4040), DA C. Cornella, G. Isidori, M. Kénig, S. Liechti, P. Owen, N.
Jhy, w(4160) Serra [Eur.Phys.J.C 80 (2020) 12, 1095]
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https://doi.org/10.1140/epjc/s10052-020-08674-5
https://doi.org/10.1007/JHEP04(2020)012

LHCb-PAPER-2024-011,

Y“(\ N eW reS U ItS In preparation

v Unbinned amplitude analysis to the whole q2 = mz(//ﬁ/f) region
v First measurement using the full Runi [2011-2012] and Run2 [2016-2018] data

Local Non-local contributions

Dispersion
Relation  C™(¢*) = C’“‘ + YA YING) + Y

eff Ay ,2\

This is determined c) K*O\ ( 0 \

BO
( \ theoretically at 4 M

AC% negative q2 values
K a / \ I+ /

Polarisation Subtraction term 1-particle 2-particle Tau loop
olarisation contributions contributions contribution
dependent shift Asatrian, Greub, Virto Includes:
to C, [JHEP 04 (2020) 012] 018D, w2S), IDn%Iudes. Sensitive to C
Negligible impact from light p(770), w(3770), D*l%,
quarks $(1020), w(4040), DA C. Cornella, G. Isidori, M. Kénig, S. Liechti, P. Owen, N.
I, w(4160) Serra [Eur.Phys.J.C 80 (2020) 12, 1095]
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https://doi.org/10.1140/epjc/s10052-020-08674-5
https://doi.org/10.1007/JHEP04(2020)012

Yﬁﬁp ' Analysis strategy T preparatin

Angular analysis preformed in the three decay angles and q2

~ From Simulation

\_
" From Data

- Resolution

-+ S-wave parameters
- Background model

u 9

/ Fit determines 150 parameters: \
« R(Cy), R(Cyp)- R(Cy), R(Cp), R(Cy)

- Mag. and Phase of 1-particle resonances

+ Acceptance model

. Real+lmag DD per helicity

- AC; per helicity

k- Form factors /

" From Theory

- Local B - K* Form factors
\ Gaussian constrained GRvDV [JHEP 09, 133 (2022)]
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https://doi.org/10.1007/JHEP09(2022)133

LHCb-PAPER-2024-011,

R e S U I t S In preparation

? ' | ' ' ' ' . 106 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I —
R —— Signal . o

R N Background - LHCDb 8.4fb~! Preliminary

g — Total . 104 -

S 20000 [ Data - e Data

E 10000 ¢ Preliminary A ﬂ/.-\ 25 O j gOtall

ks : ~ LHCb 8.4fb™" } | - — Signa

g O 5 | o 200 | —— Background

© cos b > o Local amplitudes

~ " 8 -1 1 particle non-local

Zu 20000 - . — 150 '—# amplitudes

> - - - i 2 particle non-local

S = S0 amplitudes

=S - : ~ - 1%

< 10000 '_ % 100 Nk TN SRR Interference

|3 Preliminary . "5 i

5L mosin] 5 gt #

R 0 1 = -

< -

S cos 6 % _

- ML sy O OE‘*‘“

8 20000W il

g - - - S

g - - —50 — - =

S 10000 - - :E S _ L

g T:Ilgi;azyfbl: _IOOTQI\%IIIIIIIIIIIIIIIIIRIIIIIITI ]

< i A4fb~1 |

R A . 00 25 50 75 100 125 150 175
8]

S g lrad g’ [GeV?/c?*]
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Wilson Coefficients

LHCb-PAPER-2024-011,
In preparation

Biggest deviation is Cy with e
ACéVP = —0.71 at2.10 from SM | Preliminary

R(Co)

LHCb 8.4fb~!

Preliminary )

Global significance ~ 1.50 from SM

In agreement with previous unbinned :
analysis -1

BB — JIwK") dominates systematic ~ ,t.... .. ... i
uncertainty R(Cio)

— T
LHCb 8.4fb~! 1
Preliminary _

| TR
5 6
R(Co)

I |

| LHCb84fb"! -

i Preliminary —

b=

F(C'o)
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LHCb-PAPER-2024-011

mc Nonlocal amplitudes

| | | | I | | | | : |
_ LHCb 8.4b"' Preliminary

ImpaCt Of the nonlocal amplitUdeS h | LHCb—PAPER—2023—O32z—expi.w.theo.
On the WiISOn CoeﬁiCientS ShOwn per LHCb-PAPER—2023—032z—exp::.notheo.

helicity e.g. ||

| | | | I | | | | : |
_ LHCb 8.4fb" Preliminary :
LHCb-PAPER-2023-032 z-exp.:w. theo.
LHCb-PAPER-2023-032 z-exp.ho theo.

lll|lll|lll

Good agreement with previous
analysis

1T T 17 T T T 17T LT 17T T T T 17T T T 717 T T
| l | | |

lll|lll|

(TR
15
g2 (GeV?/ ¢4
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LHCb-PAPER-2024-011

mc Nonlocal amplitudes

| | | | I | | | | : |
_ LHCb 8.4fb" Preliminary :
LHCb-PAPER-2023-032 z-exp.:w. theo.
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mc Nonlocal amplitudes
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@5 Conclusions

Observation of J/y — u "y~ u"u~ decays

BJy = T pTuT) =
(1.13+£0.10 £ 0.05 £ 0.01) x 107°

Measurement of local and nonlocal amplitudes in B - K *O//t_l_//t_ decays

First LHCb B — K °u*u~ angular analysis with Run 1 + Run 2 data set

Key takeaway: Nonlocal contributions found to only mildly impact the results

First direct measurement of Cg
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TRCA ' Form factor agreement

LHCb-PAPER-2024-011,

In preparation

Form factor priors are compared to posteriors
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LHCb-PAPER-2024-011,

C rO SS C h eC kS In preparation

g° dependence Form factor dependence

Use alternative local B — K* form
factors - different LCSR inputs

Bharucha, Straub, & Zwicky [JHEP 08 (2016) 098]

Fit performed with linearly varying C,
and CIO

C& = Cy+ a(q? — 8.95)
C% = Cho + B(g* — 8.95)

a = 0.029 4+ 0.082
B = —0.058 4 0.026

Cy changes by 35% o,
C,o changes by 90% o,

2.20 deviation from zero for C is Subtraction point

observed Dispersion relation should be
independent of subtraction point

Varying subtraction point between

g5 = — 1GeV?/c* and gf = — 10 GeV?/c*

leads to variation of 35% o,
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Comparison to binned analysis
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QED model

sPlot method is used to studv kinematic distributions
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mc@ ' Result comparison

| | | | I | | | | | I | | | | I |
|LO QED

BESIII (4.5x108 4(28)—J/w 7 -) |

-—————————
|

CMS (33.6 fb™! pp—J/y) |

|_L°—|

|

|
LHCb (54 fb™' pp—Jiy) |
preliminary I H———

|

] ] ] ] I ] ] ] ] |I ] ] ] ] I ]

0 0.5 1 1.5

BU/y—>utuputu), 107°

2 MONASH University Moriond QCD 25 Tom Hadavizadeh



