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. Belle |} D

Belle IT

Belle Il is the successor of the Belle experiment at the KEK

laboratory in Tsukuba, Japan

 Intensity frontier “Super B Factory” flavour
physics experiment

» Target data set of ~30x the combined
integrated luminosity of BABAR + Belle

e ~800 collaborators from 26 countries,
including over 260 graduate students

First collisions achieved in 2018 during “Phase 2" accelerator commissioning run!

SuperKEKB is the intensity frontier
40x higher instantaneous luminosity than KEKB *
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n Belle |l Detector

D

Anticipate ~40x increased instantaneous luminosity, and greatly
Increased beam background rates

Very substantial “upgrades” to the original Belle detector:

* Replacement of beam pipe and redesign of entire inner detector
(including vertex detectors and drift chamber)

 New quartz-bar Time-of-
Propagation PID in barrel
region

* Retain existing Csl(TI)
calorimeter crystals, but
front-end electronics,
feature extraction and
reconstruction software
entirely new

* Entirely new software
framework and distributed
computing environment

K, and muon detector:
Resistive Plate Counter (barrel outer layers)

' ) Scintillator + WLSF + MPPC (end-caps, inner 2 barrel layers)
—

Csl(Tl), waveform sampll _ 4 ’

icle Identification
-of-Propagation counter (barrel)
. focusing Aerogel RICH (fwd)

J_l . = ' Ir'""-

electron (7GeV) .

Beryllium beam pipe c
2cm diameter /

Vertex Detector

2 layers DEPFET + 4
positron (4GeV)

Central Drift Chamberin
He(50%):C:He(50%), Small cells, [6f
lever arm, fast electronics

o
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" What's so “Super”? <

e'e” collisions provide a very rich data set and a clean analysis environment

]
Ln

“Inclusive™ hadronic and low multiplicity | !
ey "
datasets are key features: g2 0 :
E 15 | T I
« Target data sample has a cross section of ~5—-10nb ¥ * | |
T 10 | s I
. . . ‘v P L ]
8 x10* cm™s™" luminosity yields ~5 kHz of R N S
“interesting” physics events LYyas) yes) Yas), ey
« O(1 kHz) of BB events Mass (Gevie')
« ~30 kHz Bhabhas within detector acceptance
. L . Process o (nb)
- Level 1 trigger rejection essential! bb 11
- Probability of multiple collisions per bunch _ :
crossing (aka “pileup”): <0.02% cc 1.3
s _ o _ Light quark qq ~2.1
950 ab™ integrated luminosity implies .
oy = o TT 0.9
~39 billion BB pairs in target data sample . 40
e’e ~

* Analysis sensitivity in B, T and charm to O(107°)
branching fractions
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Objective of the BABAR and Belle
experiments was to validate the
Kobayashi-Maskawa mechanism for
CP violation within the SM

e |.e. demonstrated that measurements
were consistent with CKM “Unitarity
Triangle” expectations

Belle Il will look for deviations from this
picture to provide evidence of beyond
SM physics

 Compare precise measurements with
(equally precise) theoretical predictions

|Viud| |Vis| \7 e
Vekm o - |Vcd | |Vcs| _ |Vcb|
Vigle™P — |Vis| 7P '

VidViy + VeV + ViaVy = 0

« Belle ll Physics Program
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Very broad program of research
spanning B, charm and t physics,
but also QED/QCD, quarkonium, light
new physics direct searches etc.
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e Electroweak FCNCs S

Belle I

. elle
B R X H G VeV, - C i) O ()< Products of field operators

sid ¥ eff — ot th Zl ) i) (non-perturbative hadronic

~ y = / matrix elements; Heavy
WZ - . . quark expansion in inverse
;7 N Wilson coefficients
: ~ powers of m,)
b / \ (calculated perturbatively;
> uT:t — s encode short-distance physics)

C7 (Photon penguin) : :
New physics could result in a

distinctive pattern of deviations in
observables across a variety of
related FCNC modes

B, — [T

W - 14 '
Z
)~ W /- B — Xs/d l+l—
*
C1o (Axial vector EW) Y, :J_r\f< -
Potentially many observables: ’ W ol
« Branching fractions, CP asymmetries, kinematic C, ,Cs (Vector EW) and Cyq

distributions, angular distributions and asymmetries




m B— K(*)Fl- and RK(*)

B s I< (* ) !J, l,l Standard model decay Possible new decay

Neutral weak Possible new

force boson, Z Muon, p

particle, Z' pt
Charged k -
Bkt & ‘% ® “%”

B meson K meson B meson K meson

LHCb measurements |n tenS|On @ Bottom quark @ Strange quark O Topquark O Anti-down quark
with SM expectations for ratio

of muon and electronic final R (q)= BF(B— K”u'u")
states: K(*) BF(B— K" g &)

-o-LHCb -m-BaBar -aBelle
g 2 i L Ll L LS 'I T T T T I LS T L T ] T L L L ' L L T T T T ; T T T T I T T T T I T T T T T T T T I T T T T I ]

LHCb

! I ' SM - il & E{{{;h B
; 1 0.4F Y CDHMV ]
05_— 7] C B EOS

2 S i
0.2 = & flav.io : _‘b
C LHCb ]

* JC - ¢
()- P 1 " P T B 1 ] 0.0 PRI BT BT R ST S AT ST ErEr Q
0 5 10 15 20 0 1 2 3 4 5 6 g=s=m,?
42 [GeV3/ct] & [GeV?/c]

R0 vs g2 for Run 1, LHCb Collaboration



B — K(*)Fl- and RK(*) o

B’ — K®1'T
B" — K™ )
B—onlT

B — Xgq !l

Belle Il can measure
absolute branching
fractions, and has
symmetric e/l PID
performance

D

Standard model decay Possible new decay

Neutral weak Possible new

force boson, Z Muon, p* particle, Z' Ty
Charged weak Antimuon, p- 0
force boson, W; ,,,,,
oON——0+ /O ® (s

) ( ) (

B meson =l K meson B meson - K meson

© Bottomquark @ Strangequark O Topquark O Anti-down quark

... but there are also two distinct B
charge/flavour states

...and two different final-state quark
flavours (s,d)

... and also “inclusive” Xg/g hadronic

systems vs exclusive 1K, K*
reconstruction
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B’ — K®1'T
B" — K™ )
B—onlT

B — Xgq !l

Belle Il can measure
absolute branching
fractions, and has
symmetric e/l PID
performance
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Standard model decay Possible new decay

Neutral weak Possible new
force boson, Z Muon, p*

particle, Z' Ty
Charged weak Antimuon, p- 0
force boson, W; ,,,,,
oON——0+ /O ® (s

) ( ) (

B meson =l K meson B meson - K meson

© Bottomquark @ Strangequark O Topquark O Anti-down quark

... but there are also two distinct B
charge/flavour states

...and two different final-state quark
flavours (s,d)

... and also “inclusive” Xg/q hadronic

systems vs exclusive &, K, K*
reconstruction
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"' B — K*I'T and RK(*) Lz

]
Standard model decay Possible new decay
Neutral weak Possible new
force boson, Z Muon, p* particle, Z' u*
Charged weak IJJJ“'{Antimuon, Ty PHL‘H{p_
force bosan, W; ,,,,,
oo ¢ @ (9
B meson  =— K meson B meson  m— K meson

© Bottomquark @ Strangequark O Topquark O Anti-down quark

...also two additional lepton species
(T,v) which can be studied

...and of course lepton flavour violating

modes.
B — K*t'r
(). All with distinct experimental
B — K'*vy sensitivities and systematics, and
theoretical sensitivities to various new
+ 7-
B — K™t'] physics scenarios

10
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- Missing energy decays |(Seg

Unique capability to study B decay modes with missing energy:
« FCNC modes such as B— K*vyy, B’ >»vv , B> K*1't etc.
« Semileptonic B decays such as B— D*t'v, B*— u'v,and B'— t'v

Precisely known CM energy, combined with exclusive hadronic
reconstruction of the accompanying B, permit the decay daughters of
missing energy decays to be uniquely identified:

Hadronic system
*)() )+
D( ) : D(
*2

“Signal,% "‘—‘—\5 . beam p*B2

B ew ' AE E B E beam
' 1
Ay o ;

missing energy

3
™
@)
"l

Similar methodology exists for reconstructing semileptonic B tags

11
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- B — D*'tv

B — Dtv and B — D*tv are tree-level g % r—— T N

SM decays containing 3 generation =~ T g — e Belle 11 50 ab™ -

quarks and Ieptons Cu:lE E%?E %wbihag;%aaﬁwt 0 (2015), PRDAS 094025 (2012) E

- gl - g

W r-”<= v HY rfr<ﬁ v & 0.35— i

il il C .

2 «— «—7c ] — 2 5%4? - |

q » q q » g q > q 03_— —]

0.25 - —

« Ratio of heavy-to-light lepton DEEI oo o T
modes provides robust theoretical “ 025 03 035 04 045 05 055 06

prediction
R Bb—qTv,)
N B(b —7 qﬁﬂg)
L=, M

« Measurements from BABAR, Belle
and LHCD all independently
deviate from SM (combined ~40)

R(D)

Belle Il can precisely measure
R(D) and R(D*) to constrain or
identify BSM physics

« Both charged and neutral B and
various final states

12



‘s Rare and forbidden decays

Processes that are suppressed or forbidden within the SM can potentially
be dramatically enhanced by new physics contributions

* e.g. Lepton flavour violation in T decays:

- “forbidden” in SM, but many new physics models saturate existing limits

v % F Iy =TS IV° i Ihh Ah ]
8 10-5=E [ Bl . TIEr l.. ", - - ?:
s e F © E. mE " - 0 E = u 3
‘>< _ o - n .....l L ]
NGRS S S ]
v 5 F L. A
vy v v v A v
49 10_7? v' ' v 7 'v T ' ' v vy Y
= v Y vY v Y Y Yy
= osL X = CLEO
<o E v Eaﬁar
- elle
S K
= . LHCb
Expected Belle Il G100 . L, ¢ o ° e et e e o o cBellel
I . . = o0 o o ° e ©
sensitivity with full CHE A “ete,l 0
datasample %\210—10J_LOIOIIIIIIIlolololoxlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
> =R m e ERRAA TR KT TSR voazo s R RRAMRRY R\ M <<«

N
mj‘a)j_mj'@iwj_m:ﬂuj_ o o=l o5 mwziioklﬁkgxxxfwxwmimimiﬁ By e
[P R=N RN :_wlwimiq,lwl'ﬁ'ﬁ B'R\

Very clean searches at B factories and unambiguous signal of new physics

13
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" Phase 2 performance <2

2018 running provided opportunity to validate detector performance
 Achieved instantaneous luminosity of 5.5 x 10** cm™ s™

« Recorded 472 pb™ integrated luminosity (~1 million B mesons)

Particle identification:

Drift chamber (CDC) Time of Propagation (TOP) detector
S10- T T
3"F ~_ protons D* — D'x R D'— Kn*
W 7 20 ‘ ‘ ‘ 7 20 ‘ ‘ ‘
' - deuterons o Belle Il TOP 2018 (Preliminary) o Belle Il TOP 2018 (Preliminary)
‘ y . E D+ kinematically tagged kaon g D~ kinematically tagged kaon
. / F p=173GeV/c = p=1.73GeV/c
ot 0 =94.1° 6=94.1°
Ei Pion PDF | Kaon PDF

—
—_

5 log L(7) =-257.51 57 log L(K) =-236.38

pions T
10} — . es 0 . ==
1_7 L — o —— e R
pion PDF X Kaon PDFvy
% 16 32 48 64 % 16 32 48 64
Pixel column Pixel column

Momenu}m [GeV/c]

14



D

" Phase 2 performance <2

Calorimeter performance: Single photon 7
«10° reconstruction ot
— T LA IR AL LA BRI 4+ -
% W . based on
S 15F Bellell | i det=~5pb" N Ly
8 - 2018 (Preliminary) : ] events
- - t , E,>0.15GeV
S 1oL b ’ 1.00 GeV < p(recoil) < 8.00 GeV
=) - 4D 1 B I A R L
-~ - ~i=Data : ‘1 &J 0.15 - MC ....................................................................... -
g : :: 'I; (_Eﬁ B —+_ Data 7 7
= 05F W"# R be + N e i :
(D C e nl pnn RS [ Belle I t .
'_:.M“"'. b 0 . i 0.10 — . . S——— a
i TT° reconstruction ] s 2018(Prellm|nary) ? .
0.0 | I T BT TN T T B TR i S B 5 i
0.08 0.10 0.12 0.14 0.16 0.18 -ch;it=261 pb’’ |
m,, (GeV/c?) 0.05 ==
+ o -
‘ 0.00 — s
0.6 0.8 1.0 1.2
X E(ECL) / p(recoil)
. Al - Single-photon trigger available for dark

sector searches (early phase 3 physics!)

15
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. B mesons! D

] Belle IT
Clear evidence of B mesonsin lEl"el”t[S'h?pleS
the Phase 2 dataset - s\’ 4

IR data :
* Indicates that SuperKEKB was onthe 5. F | \« vig- 5
Y (4S) resonance peak . \Q M o

4000}

Exclusively reconstructed B decays: Baile)i D018

<E140'_l'|lllllwllrl‘llrl|>lrlllrlllllllllllllllllllllllllll1l_ 3000_ Preliminary
= ) - -1
= - | 83D (Kx, K3, Kax'jr* - 2000 J.L dt=15pb _
341 20 == B ->D (Ka, K3n, Kan' —
~ B B‘::-DV'[K:‘ Kan)p ]
g [ B ->D"(Kmx)x : -
“‘;,100 - 8%=D%(K . — 1000 ]
= B%>wie’e. u'u) K | e
(1] L.

__ |||I|11||J|1-n|u. ]
- 00 01 02 03 04 05 06 0.7 08 09 1

RZ
@phericar’ “et-like”

T

2‘2 521 522 523 524 525 526 5.27 528 529 — qq

mec (GeVic?) BB

- Belle Il 2018 (preliminary)

i fL dt =472 pb™

16



Currently preparing for “factory
mode” data taking

Vertex detector has been installed

 Phase 3 run beginning March 2019;

>
=
[

i

L]

Peak Luminosity [cm'zs'

~8 months of operation in 2019

=
(=]
T

co
T T

F=Y [=)]
T T T T T 1

N
T T

o
T

Prospects: Phase 3

Exceed existing world
e e—Y'(4S) dataset by
2021

Target of 50 ab™
recorded by 2025

17
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Conclusion <o

Belle Il recorded its first data in 2018 during Phase 2 accelerator
commissioning run

e Peak luminosity of 5.5x10% cm™s™ and 472 pb™ integrated

 “Modest” data sample permits validation of detector performance,
exercising of physics tools

 Background rates are manageable; vertex detector has been installed
for Phase 3

Physics data taking beginning in March 2019 with full detector
capability

« “Early” physics prospects include exotic/dark photon searches which
can be performed with modest data statistics

* Aim to supersede existing B factory data sets by ~2021

More information about the expected physics performance of Belle |l
can be found in arXiv:1808.10567[hep-eXx]

18
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Belle Il vs Belle

Barrel
Belle I

Super conducting coil

0295

L[
|__'"[l_JHM_

D

o

Belle IT

orward

WNNNIINITwI I Y e e =R R Ep
T LLN| L] 2400 [[] 1117 ! y AN
\ .,“\820 1] | ,[ / E?L 7 -/. 1580 4 - ./ f A ; ‘:';-E b
SO SV T T IITLZ L L LA LLK CAAK s IL g i
N i s |
—Amemmang
= \“
| 2 - |
| C LI‘ —(
" DC QlgrsEll
@ o ] |
2\ sw PXD(2 layers) e il
N\ 310 570 ==
3
S et ohamber |~
- ks — _’—<’

=

1\ SVD

IP Cha

600(Cryostat)

KLM

Belle
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"'n Vertex detectors <2

Belle |l vertex detector has been installed for Phase 3 data taking

 Two distinct detectors:

Pixel Detector (PXD)
® 2 layers DEPFET modules

® Pixel size: 50 x 55-85 ym.

® Thickness: 75 um,
0.21% Xo per layer

Silicon Vertex Detector(SVD)

® 4 layers of double-sided silicon strip detectors
¢ Slant in FWD region.
® material budget: 0.7% Xo per layer

21
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CDC <2

56 layer large-volume drift chamber

He:CoHg 1:1 gas mixture
Total of 14336 sense wires

Smaller azimuthal cell sizes
relative to Belle CDC

- 1200 mm

-----
. . - -
................
.............

...................

. - . .

.......
......
. ., .

........

.......
------------
'''''''''''''''''

-

.
------
- e -
......
..........
........
......
- . .
. -
L P

= 250 mm —>

A: Axial layer
U: stereo layer, stereo angle >0
V: stereo layer, stereo angle< 0

22
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ARICH <2

e Proximity focusing aerogel RICH
¥,
T

n = 1.045-1.055

\ N ek 4.
S

//

f M |

orrerayHy t
o m¢'4o"f“{‘“'+ #iﬂ+}++**++HH# + H

D5 1 15 225 3 35 4 45 5
p [GeV/c]

b

® Hybrid Avalanche Photo Detectors
® 420 units, 144 channels each

23
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]
Barrel particle identification based on xpansion prism /‘H‘raCk spherical miror
Cherenkov radiation in quartz bars = :
G & v %\
> —
* Exploit propagation time of Cherenkov photons = / auartz bar

to infer Cherenkov angle

Quartz bar

Array of
fast PMT'’s

Efficiency

11522533.544.55

16 quartz bars: 2x1.25mx 0.45mx 2 cm p [GeV/d]

32 Micro-channel plate PMTs Hamamatsu SL-10 MCP PMT

24
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. SuperKEKB <2

Substantial upgrade of KEKB

KEKB Achieved SuperKEKB . . + - ..
LER HER LER HER collider to provide ¢ ¢ collisions
RF frequency f [MHZz] 508.9 35 21 i i
# of Bunchoa N 1584 2500 at 8x10”cm™s™ luminosity for
Horizontal emittance ex [nm] 18 24 3.2 46 Be”e ||
Beta atIP Bx /By [mm] 1200/5.9 32/0.27 25/0.30
E‘Zi?gbfeanrgtﬁa@?'[ﬁ]ym] 0-15% %%90 0-068% 2-881 « Low-emittance “hanobeam” scheme
" oo o xploiting ILC and light-sour
Horizontal Beam Size sx [um] 150 150 10 11 teeCph(r)]O|Ogiesca d light-source
Vertical Beam Size sy [nm] 0.94 48 62 9
Half crossing angle ¢ [ mrad] 11 41.5 . + .
Beam energy Eb [ GeV] 35 8 4 7.007 4 GeV (e’)on 7 GeV (g)
Beam currents [b [A] 1.64 1.19 36 26 _ _ _
Lifetime t  [min] 133 200 6 6 * New positron damping ring and
Luminosity L [ cm-2s-1] 2.1 x 1034 8 x 1039 positron beam vacuum chamber
* New final focus region
KEKB

SuperKEKB Z vertex distribution

E Belle I 2018 (preliminary)
— 2000 Median=-0.015cm %
]

o —
g, 2500 - Ga=0.055cm i - 0= 55”m
+

"= 2000 F -
@ + 4+ Runs 1869-2047

S1s00}
c

w
1000 ¢

500

[tot=2app—t

1 " A i
-0.4 -0.2 0.0 0.2 04
Zo [cm]
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" BEAST — phase 2 >

Belle Il detector in position at IP, but without vertex detectors

» Dedicated background monitoring detectors positioned close to the IP to ensure

radiation safety Belle Il 2 PXD and 4 SVD layers in sector
where the highest backgrounds are
expected.

FANGS - FE-I4 based hybrid pixel to
study Synchrotron Radiation background

CLAWS - scintillators with SiPM to
study trickle injection background

PLUME - double-sided high
granularity MIMOSA pixels

Also “permanent” background monitors installed along beam line outside of
nominal Belle Il angular acceptance:

Signals relayed to Belle Il
and SuperKEKB control

* PIN diodes
« Scintillator/MPPC (trickle injection backgrounds) rooms for beam tuning

 He3 tubes (neutrons)

26
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" Dark Forces <
« Search for decay of e'e— yA' via A' — yy orinto Initial State Radiation 7
SM particles /
A
- ‘“visible” A' — ['[" , or s SM

or
N Dark Matter

%

N
N

“Invisible” A' decays, with A' mass determined
from photon ener
P ¥ _s-M f;

E
7 2\/}

.... however, dark sector could be much more extensive, with one or more Abelian
or non-Abelian interactions, fermions and Higgs bosons

: . Vector Portal —  Dark Photon

Can potentially be detected via one )

of a number of “portals’ coupling the Scalar Portal —  Higgs/Dark Scalars

Dark Sector to the SM Pseudoscalar Portal - Axion-like Particles
Neutrino Portal —  Sterile Neutrinos

Sensitivity studies performed in the context of “Belle Il physics book” (B2TiP),
to be published in near future

ALP sensitivity studies: arxiv: 1709.00009

Typically, these are narrow resonance (“bump hunt”) searches in low
multiplicity data samples

27
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| Belle IT

Hidden Photon — invisible (my > 2 m,)
10—2 .
T \‘ :
lw 102 ;
] -
1073 - J .
; ‘%/ | DarkLight | Belle IT i
1 i Daﬂd\,\lght l'l . Converted
- - te - .:,‘Mono—ghoton 1 0_3 BaBar 2017
I ) s —
@w "\ ! VAT N .
v K-7A' NAG4 ]
T ORKA Belle II .
1 0—4 & VEPP-3 Standard B -
. Expected sensitivity Belle 11 20 fb™* (simulation)
Belle 11
Low=E, 10_4 = il el R
o | 107 107 1 10
m, (GeV)
=50 |
10 C | Ll Ll T B
0.001 0.01 0.1 1 10
ny [GCV]
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:*I B+—>l+\’ QB%

Purely leptonic decays, B" — ['v are helicity suppressed in the SM, with

substantial potential for enhancement by new physics ; "
« Theoretical uncertainties only from |V ,| and decay constant fg W
2 ma 2 u v
Br(BT — My = f|1 k meEmETB (l——é)
i b ¢+
>

ru+= [ 1 — tan?p (m?s/m?2u-) J?

u v

« Experimental measurements of B" — t'v are in PR ———— LT
tension wrt UT fit, but these results are not currently i
very precise os |- ]
e Current limits on B* — p'v from BABAR & Belle data f _ + _ R
close to SM , = / 1R
m - '
Lots of potential for discovery even with | rm
modest Belle Il data set (20217?) ) Forrrori ST PR TR ST RIS

050 055 060 065 070 075 0.8 085 090

mLp Phase of Vtd
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SKS[IF S
- B K Belle I
o, K angle in K*
Angle bet'we?r) ] rest frame
Fit angular distributions ?rgfnS[B] in £ rest (K* polarization)

of K* and dilepton
system to extract two
observables:

« K* longitudinal polarization
fraction F;

1 dl
[(s) d cos Ok

- gFL(s] cos? Bk + ?l(l — Fi(5))(1 — cos?® fk)

 {'{ forward-backward asymmetry A

ol = RU)(1L— cos?00) + (1~ Fu(s))(1+ cos’B) + Aps costl

['(s) d coséy 4
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o FCNC decays N

Many decay modes with potential sensitivity to new physics
contributions:

Hadronic decays: Electroweak FCNCs:

SM W SM - v
t .
Precision measurements

of one-loop processes

probe new physics
mass scales which can

S KO
a K s u.d far exceed direct searches
SUSY sSUsy Charged Higgs
b —(\/\/\%/V\,/\— S T K
b \'\:':\ s 5/d t T
g\'< s/d b [ " 2 s
d d & "

Many observables:

Branching fractions, CP asymmetries, kinematic distributions, angular
observables and asymmetries

31
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. Other topics <2

Many potential analysis topics beyond the usual “flavour” of B factories:
e Quarkonium and new states
 QED and continuum production cross sections

e Direct searches for light new particles

- dark matter candidates, “dark sector”, light Higgs, ALP searches etc.

Dark Forces:

Various models exist in which dark matter arises as part of a “dark sector”
containing its own gauge interactions and particles

« Simplest scenario is to add a new U(1) gauge symmetry, with associated
charge carried by dark-sector fermions

- Spin-1 gauge boson “dark photon” A' can mix with SM photon, providing a
“portal” to the dark sector. Mixing strength characterized by ¢

32



Belle IT

Super
KeEKB

D

o

Belle IT
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=*a Flavour and New Physics 25

Effective flavour-violating couplings

.
Z effzg SM +Zk=1(zi Cik Qi(k+4))///\k

In explicit models: New Physics scale
A~ mass of virtual particles

(e.g. Fermi theory: my) A ]

e C ~ (loop coupling) x (flavour coupling) | Increasing
(e.g. SMIMFV: a,, x CKM) | luminosity

Precision flavour measurements provide
bounds onratio C/A i.e. constrain
coupling strengths at any given mass scale
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