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1. Instead of introduction...

Happy Birthday,
Alex!!!
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Instead of introduction...

Hadron
Form Factors

From Basic Phenomenology to
QCD Sum Rules

Alexander Khodjamirian

@, CRC Press
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AK Academic Genealogy

% Data up to 1500’s
Sources: SPIRES, Wiki,
MathGenealogy Project Y
% Mostly German scientists
but clear tendency towards R A
ltaly is noted g
% Assumptions and cutoffs o) ;
A: L. Landau’s advisor Rt P
C: anything older than 1400 gt

Trincavelli

Giovanni Battista
della Monte
U Ferrara U Padua

QCD and flavor physics encoded

% Non-linear: tendency to

U Padua, 1487

Niccold
Leoniceno
U Padua, 1453

nonlinearity and
loops included

Note: AK and TM have the same “ancestors”!
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AK’s Academic Genealogy

Place: YerPhl/ITEP
Time: 1980
/ Advisor: Lev Okun
Alexander Opponent: Arkady Vainshein
Khodjamirian External: Yakov Azimoyv.

Lev Okun Isaak
ITEP, 1956/1961 Pomeranchuk Lev Landau
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AK’s Academic Genealogy

Place: YerPhl/ITEP
Time: 1980
; Advisor: Lev Okun
Alexander Opponent: Arkady Vainshein
Khodjamirian External: Yakov Azimoyv.

Lev Okun Abram F. loffe Wilhelm Réntgen
ITEP, 1956/1961 Pomeranchuk Lev Landau Miinchen, 1905 Ziirich, 1869
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AK’s Academic Genealogy

Heinrich Gustav Friedrich Nicolas Louis

August Kundt Magnus Mitscherlich Stromeyer Vauquelin
Berlin, 1864 Berlin, 1827 Gottingen, 1814 Gottingen, 1800 ?7??

£ —

—

Johann Friedrich | Phillip Friedrich | Burchard David Elias Rudolph Elias Rudolph

~Gmelin Gmelin Mauchart Camerarius, Jr Camerarius, Sr
Tubingen, 1768 Tubingen, 1742 Tibingen, 1722 Tibingen, 1691 Tibingen, 1663
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AK’s Academic Genealogy

Vo Y v o Carmaesiedy

Johann Jakob Johannes Nicolaus

Metzger von Brunn Stupanus Theodor Zwinger Bassiano Landi
Basel, 1650 Basel, 1615 Basel, 1569 Padova, 1559 U Padua, 1542

Giovanni Battista Vittore

della Monte
U Ferrara U Padua

Niccolo Pietro

Leoniceno Pomponazzi
U Padua, 1453 U Padua, 1487
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| started collaborating with Alex
when | came to Siegen as a
Comenius Professor for my
sabbatical leave in 2015-17

Comenius bringt Gastdozenten nach Siegen

Neues Programm tragt zur internationalen Vernetzung und Profilierung der
Universitat Siegen bei. Zwei Comenius-Gastprofessuren sind bereits
vergeben.

Die Universitat Siegen baut ihre internationale Vernetzung und Profilierung in
den Bereichen Forschung und Lehre aus. Seit Oktober 2014 hat die Universitat
deshalb ein Comenius-Gastprofessuren-Programm etabliert, um den intensiven
Austausch mit international profilierten Wissenschaftlerinnen und
Wissenschaftlern zu starken. Im Rahmen des Comenius-Programms werden Aufenthalte von einer Dauer
von zwei bis zwolf Monaten gefordert. Stipendien konnen vergeben, Sachkostenzuschiisse gewahrt oder
zusatzliche Leistungen erbracht werden, beispielsweise fiir die An- und Abreise oder einen
Familienzuschlag. Benannt ist das Gastprofessuren-Programm nach dem Philosophen, Theologen und
Padagogen Johann Amos Comenius (1592 - 1670), der 1611 an der Hohen Schule in Herborn Theologie
studierte. ,,Die Gaste leisten mit ihrer Personlichkeit und ihrer Forschung enorme Beitrage zur Starkung
der Forschung und Lehre an der Uni Siegen. Das Comenius-Gastprofessuren-Programm ist deshalb ein
wichtiger Baustein fiir die internationale Ausrichtung unserer Universitat", sagt Prof. Dr. Peter Haring
Bolivar, Prorektor fiir Forschung und wissenschaftlichen Nachwuchs.
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2. Flavor violation in quarks: rare decays

% Studies of the beauty FCNC transitions did not reveal large NP effects
- analyses now must rely on theoretical calculations to “sort out” NP
- flavor anomalies?

% Can New Physics be “hiding” in the up-type quark transitions
- explicit models can be constructed where it can be done
- long-distance effects complicate interpretation

- must use exp and theo tricks to sort out
€

07 = @mCprﬂUW(l + ’)’5)0’
62
Oy = 167 2'U'L’YucL€’7 ¢,
62
'Heff = ?/gVCqub (C0; + ClO") O = 6 2uL’y,,cL€7 s,
e 0,7 = 862mcF[w'U:0' (1 — '75)0,
62
Oy = 16n 2u37ucR€7 l,
/ e?
010 = 16 2IU’R’Y/I.CR€’Y ’753

Maybe correlations between different measurements can help sorting out NP in charm?
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s.d. G2 M2 fDmZ
% Two-body decays of D or B [a.k.a. B(D) > I+I] BE)JQ@_ ~ W

- only one hadron to deal with: decay constant?
- but: probes limited number of operators, helicity suppression

- e.g. not sensitive to vector-like New Physics (such as vector Z’)
- soft photon effects preclude studies of electron decay modes:

F
’
T2

B(Bs — ~v{*47) m%
B(B, — (+0-) ~ “m2

% Three-body decays of D or B [a.k.a. B(D) > M I+]
- probes several operators, many different observables
- but: two hadrons: four form-factors, hard to calculate non-perturbatively
- recent “issues” with lepton universality in B-decays (“flavor anomalies” Rg*))

Can one remove helicity suppression AND enlarge the set of
probed operators by studying electroweak decays of excited
states of D or B (like D* or B*)?
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Studies of D*(B*) - ete- in resonance production

% Instead of searching for a decay of D*/B*, let’s produce it!
- resonant enhancement possible if e+e- energy is tuned to mp+(ms=)
- single heavy flavor + photon in the final state is a nice tag

Khodjamirian, Mannel, AAP

et D JHEP 11 (2015) 142

e ()
- contrary to a usual way of studying FCNC, production cross section is small

% This way, the FCNC branching ratio for D*(2007) = e+e- is probed

127 m%,.T2
. B B D10
o(eTe” = D7) fsam,. = 0p+(8) = —m%, Bp+_sete-Bp*—pr (s —m3.)2 + m3.T2’
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Studies of D*(B*) - ete- in resonance production

» s it at all possible and feasible experimentally???

% D* has a small width defined by strong and radiative decays

Iy = I'(D* — D% + T(D*° — D%)

2 o2 2y |32
~ [ Bp«+_spog+ /\(7n2D~0,m§0a m72r0) (1 + M) ~ 60 keV
> \Adeomdemin) ) \" Bpaspo
% ... with contributions from higher excitations being highly suppressed
fDU"' 9p+'opogoMp=or X L ~ 50- 10_5
fpo+ gpropogom peo 2A =il pu

% ... thus running for a “Snowmass year” (~107 s) with L ~ 1.0 x 1032 cm—2s~!

1 m3,.
Brete- 2 (W) * r Bpopy  Probes  Booese >4x 1070
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Studies of D*(B*) - ete- in resonance production

The BESIII Detector

Magnet

Y BEPCII machine with BESIII detector (China) yoke
- optimized for Psi(3770) o
- already made scans /s = 2.0 — 4.2 GeV.
- luminosity is about 5x1031 cm-2s-1

CsI calorimeter

VEPP-2000 Collider: 2 x 1000 MeV

% VEPP-2000 machine (Novosibirsk, Russia) Crrogenic
- optimized for Ecy < 2000 MeV o e

- possible upgrade to Ecm > 2000 MeV
- luminosity is about 1x1032 cm-2s-1

13 T Solenoids

RF: 172 MHz —¥

P 1] -

" Scintillator
’ Neutral particles

Transfer line from BEP Detector

% HIEPA: new tau-charm factory in Hefei (if approved)
- luminosity is about 5x1034 cm-2s-1
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Calculation of D*(B*) - ete-in EFT

% Most general effective Hamiltonian: (e*e™ |Hg|D*) = GZci(u)(e+e‘|é,-|D*)|“

Q1 = (Lovulr) (@ry“cr), Qs= (Crlr) (Wrer),
Q2 = (ovule) (@ry cr), Qs = (Crouwly) (ro* cr),

Qs = (£1lg) (Wrer), plusL o R
% ... thus, the amplitude for D* > e*e-/p*y- decay is

. _ _ C
AD" = %) = ulp-,5-) [ A+ B + (b — )

+ L o~ po)ing ] o(ps, 5+) €(p),

mpx

mp- 1
[ Bp+sete- = 12:F0 [(|A|2 + |B|2) + 5 (|C|2 + |D|2):|J

G
A = ZfD*mD" (ey+co+cs+¢r),

G
B = —, formp- (1 + 2~ ¢ — 1)
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Studies of D*(B*) - ete- in the Standard Model

Y Standard Model, short distance:
- local Og and O10 operators Oy =

e2

1672 (Q1+Q7) , O = lg% (67—61)

4G p
\/_

- additional dipole contribution Hg;”) —— e ( € me Ut CRFuu)

1672

% Decay amplitude depends on additional non-perturbative parameter

(O[zo* | D*(p)) = ifp- (¢'p” — p"€")

Y Short-distance result is well-defined

B 2G2 m3 f2 Cceff+2 me fD' Cc,eff 2 + |Cc |2
Droete” T g6gar, DD mpe fpe | N
T(D* — ete™
% ... but the Br is small (the width is not though): B2P ., . _ = ( ;) ) 9.0 % 1071
0
3

No helicity suppression: no issues with testing lepton universality!
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Studies of D*(B*) - ete- in the Standard Model

% Standard Model, long distance:
- local O; and O, operators
- additional penguin-like contribution

% Decay amplitude:

(e [Hol D (p)) = —€(p, 5_)1*0(ps 51) (

with S, = i / dize? (O[T {5 (2)Hw(0)} | D" (0))

506 = Y Q (Of("’ ) {i [ daer= i @ana@ ena} o]
q=d,s
x (0[@r“e|D*(p)) , — —
19 (p) = (—guwp® + pup,) 19 (p?)

? * R9(s , __o(ete” — hadrons)
H(Q)(p ) 12p2Q2 / dss(s —p2(—) ze) wﬁ'h R(S) = a(e+e— 5 p,+/_1,—) — Z R(Q)(S)

q=u,d,s
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Studies of D*(B*) - ete- in the Standard Model

% Standard Model, long distance:
- local O1 and O, operators
- additional penguin-like contribution

% As a result:
4.7 %1072 (NLO)
LD.A =~ (LDb) 19
BDa—}e+e— - { 5.7 x 10—18 (LO) BD"—*C'*'C_ 2 (0.1 - 5.0) X 10
... and recall that the short distance B3P .- ~20x107"

Y Overall, the Standard Model contribution to D* = e+e- is rather small, but
-its smallness is NOT due to helicity suppression
-it is four orders of magnitude higher than the Br(D - e+e-)!
- the long-distance contribution is moderate
- there is a large window to probe New Physics, as e.g. with BES-III

B 4 1 0_ 13 Khodjamirian, Mannel, AAP (2015)
D*—ete- =~ 4 X

Any interesting New Physics scenarios?
NEEEGERETANIYEAL TOEET L
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D*(B*) - ete: example of NP contribution

% A plethora of NP models that realize charm (beauty) FCNC interactions can be probed
- consider a model with a Z’ coupling to a left-handed FCNC quark currents

Ez/ = —g’Z,IZLvquZ’”—g'Z,2ZR7#€RZ’“
— gznuryueLZ" — mﬂp‘fyﬂcRZ'”.

% At low energies integrate out Z’:

L& = M2 [92'192'1Q1 + gZ’ng’2Q2 + 92'292'2Q6 + gzlggz,1Q7]
ZI
% ...which leads to a branching ratio (for gz = 9 (1 + sin® 6 e = gsin® b )
g Z'1 COSGW 2 W | gZ/2 Cosaw s

V2G AR
BE. i = TI‘;m?b'fD* |9]5!;| Mf ( — sin® Oy + 2sin* OW)

% ... and current constraint of BZ <2.5x 1071

*—ete~

Plenty of room in the parameter space to constrain
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Experimental studies of D* - ete-

ISSN 1063-7788, Physics of Atomic Nuclei, 2020, Vol. 83, No. 6, pp. 954-957. (© Pleiades Publishing, Ltd., 2020.

ELEMENTARY PARTICLES AND FIELDS

Experiment

Search for the Process efe™ — D*(2007)° with the CMD-3 Detector

D. N. Shemyakin!?*
(on behalf of the CMD-3 Collaboration)
Received May 13, 2020; revised May 13, 2020; accepted May 13, 2020

Abstract—Searches for the process of electron—positron (e*e™) annihilation to the D*(2007)° meson
were performed by means of the CMD-3 detector at the VEPP-2000 e*e™ collider. In the data analysis,
use was made of two dominant modes of D*°-meson decay to D°7° and D%y, where D was reconstructed
in the K*7n ¥t~ channel. By employing a 3.7 pb~! data sample accumulated at the c.m. energy of
E.m. = 2006.62 MeV, an upper bound of B(D*? — ete™) < 1.7 x 107° on the decay branching ratio was
obtained at a 90% confidence level.

DOI: 10.1134/S1063778820060277 We selected two events that could be candidates
for the D%y intermediate state, estimating the re-
spective background at 1.2 + 0.5, and one event
for the D% channel, estimating the background at
1.5 £ 0.7. As a result, we measured an upper limit
for the first time and, within the Bayesian approach,
found that B(D* — ete™) < 1.7 x 1076 at a confi-
dence level of 90%.
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Anything different about B*s - e*e?

% Experimentally:
- m(B*;) = 5415.4 MeV, so need Belle I

- no phase space for B*- Bx decay
- considerably smaller total width

. a
FtOt o~ F(Bs — Bs’)’) = ﬁlgB;‘Bs’Y

m2. —m3 \"
2 (u) ~ 0.07 keV

mpx

s

% Standard Model contribution is rather large and unambiguous
- long-distance contribution is small

2
B(B: —»efe™) = 96 2g_iot mB*fB. Vi Vt';,|2 Co+2 nz:* fzi C’eff + |C’10|2
Bp:_yete- = 0.98 x 1071
% Standard Model-type rate can be probed for similar luminosity 1x1032 cm-2s-1
B(B; —ete”) >2.0x 107" Khodjamirian, Mannel, AAP (2015)

B. Grinstein, J. Martin Calamach (2015)
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3. Things to take home

YV VYV VY

Academic genealogy studies are fun!

... but physics is important!

Indirect effects of New Physics at flavor factories help to distinguish among models

possibly observed at the LHC in the future
— a combination of bottom/charm sector studies

— one should not be afraid of looking for NP in the unconventional places

» New reach: D*(B*) - ete-can be studied with resonance production

plenty of parameter space for New Physics reach

probes New Physics models that D(B) = e*e-/utu- decays are not sensitive to!
reasonably simple hadronic physics: no dominance of LD physics for the D*

first experimental bound: Br(D* — ete™)=1.7 x 107°
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Happy Birthday,
Alex!!!
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