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LEPTON UNIVERSALITY VIOLATION?
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s it New Physics? Interesting BSM interpretationgrious talks in todayOs sessions



FITTING NPAND™) ru

| Rates ratios R(D) and R(D*) are measured

| Modify the (bc)( ") SM 4-fermion operator with other new
physics contributions:
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' Fitto R(D) and R(D*), assuming ! and D* stable

I Only procedure possible with publicly available information



FITTING NPAND™) ru
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| good for obtaining coarse indications but not a consistent nor optimal procedure

' much more information available in kinematics distributions

' 1 and D* unstable: O(1) changes due to interference e$ects (b/c of acceptance cuts, e$ects are
di$erent between SM and new physics)

I backgrounds a$ected by same new physics
' decaysnot fully reconstructible due to 2(3) "&

I form factors uncertainties need to be taken into account

Proper BSM fits/limits can only be performed within experimental collabs. using prop:t



USING THE FULL KINEMAT Hgsf& robinson 1610.02045

S.Duell, ICHEP 2016

' More information than just v
total rate or g 2 distribution e
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NEW PHYSICS AND SHAPES

Simultaneous bt of signal + backgrounds — the kinematic
distributions do depend on the signal used in the bt, e.g.:
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FIG. 8. Background-subtracted o distributions of the ! signal in the region of M2, > 0.85GeV?/c*. The distributions are
el ciency corrected and normalized to the btted yield. The error bars show the statistical uncertainties. The histogram is the
respective expected distribution from signal MC. Left: Standard Model result, right: Type-l1l 2HDM result with tan "Imys =

0.5¢%/GeV, top: B! D!'#, bottom: B! D'!' #

Belle coll. 1507.03233



BACKGROUNDS & NEW PHYSICS

Events

Semileptonic decays to

D** (higher orbital
states) are important
backgrounds:

_ Belle Collab. 1507.03233
8O- mos D
70F mEs or

C [ other BG
60: B B$ D**|"
50F
40f
30F
20f
10F

al

B—D** 1" more sensitive to
new physics than D and D*!

Bernlocher ngetl Robinson 1711. 031

— Need to float signal and background
simultaneosly in NP fit



FORM FACTORS & NEW PHYSICS

New physics <
observables relations
(obviously) depend
on form factors

sizable shifts in
allowed new physics
range If changing FFs

need to take Into
account form factor
uncertainties
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CHALLENGES IN FITTING NEW PHYSICS

| Experiments have large samplesof fully simulated events —
produce NP eventstoo time consuming (and no MonteCarlos
have general NP implemented for B—=D{™) decays)

| Many parameters for general SM + NP bt (10 NP Wilson
coe$OsFF uncertQE) — need fast likelihood evaluation

Solution: HAMMER I\ . C
a tool for efficient event reweighing! I V I

Helicity Amplitude Module
for Matrix Element Reweighting

Bernlocher, Duell, Ligeti, MP, Robinson 180x.yyyyy



HAMMEROS IDEA

I Compute amplitudes instead of squared matrix elements
(speed: O(n) vs O(n 2) terms)

I Keep full spin correlation and interference e$ects

| Amplitudes are linear in Wilson coe%cients:

Depends on NP\ / Independent of NP

[M ]S;m SgS" ¢ =V a[M V]Sm SgS"

$

Strip NP coefficients amompute once the NP-independent amplitude
(complex) tensor for each event



HAMMEROS IDEA

I Squared matrix element w/o NP physics coe%cients:
I complex weight matrix:
W, =(FF aM,) (FF aMm).

' Perform all operations in terms of weight matrices
(histogramming, E)

I Real weights can be obtained by simple dot products at the
end during Ptting

W=v aWw &



HAMMEROS IDEA

' Similar treatment for form factors: weight matrix — rank 4
tensor

W9, = Mi M/

")

W=V FFMmi"

' Facilitates switching form factor parameterization and/or
iIncluding form factor uncertainties



HAMMER ARCHITECTURE
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Detector Sim Truth level events B — D™ |y Data
él@f? Compute reweight-
zg)gg ing M, with hammer FF parametrization
A fully generalized tensor wrt NP fit + errors

wilson coe! cients and FF basis

Histogram weight tensor W = MM
in (set of) kinematic observables

AN

Wy

Store event plus M, i: complex doubles

i
SIS
faa

22

W

Contract with NP Wilson coeff vector
(and FFs) for distributions or weights
Diagram by D.Robinson

(C++ library w/ python bindings— easily interfaceable with existing software)



HAMMER LIBRARIES

| Available amplitudes: I Available Form Factors:

B — DKV (| — e’ IJ-; ll) L ISGW?2
B! D'I" |

D* —- Dn - BGL

D' 1 D! | CLN

— /

L ' BLPR (NLO HQET)
T — 3TV

I Up next (OnearO future):

B! J/ 1M T — pU
B — (D™ — .. )y 4%

Other amplitudes and form factors can be added if needed



HAMMER TIMELINE

' |In the next weeks Hammer ver 1.0beta will be made available

to Belle Il and LHCb experimentalists that expressed their
Interest

I Belle Il will use Hammer for semileptonic analyses

I LHCDb expressed interest in using it for R(X ;) analyses

' Hammer V.1.0 + paper will follow shortly, incorporating
Initial feedback from users

' Framework is very general: other usages possible!



CONCLUSIONS

| Lepton universality violation in b —c transitions is a
tantalizing hint for BSM

I As data and theory predictions will improve, properly ptting
for new physics in semileptonic b —c transitions Is very
Important

I Fits of NP in these channels can only
ne done consistently by experiments
out no tools to perform them
e%ciently

R(D*)

' Hammer Plls the gap by providing an 028 . e Eeel

- [« ]Future WA[ =] SM prediction ]
edective way of reweighing events to 024703 03 04 O'éf’(b)
di$erent NP and FF choices Albrecht et al. 1709.10308




BACKUP



HAMMER CARDS

Process Card:

Any processwith
D! 1 Dmandr! 7v
Pnal states

Any processwith
chargedB! Drtv

# Hammer v0.9 process card

Allow: [ [ D*Dpi, TauPiNu ] , B+DTau+Nu]
Deny: [ [ B+DTau+Nu, TauElINuNu ] ]

FormFactors: Except
NumeratorChoices: chargedB! Drv
et MixedChoice : { BD: BLPR, BD*: CLN } with semileptonic +
FF output choices:

AlIHQET: { BD: BLPR, BD*: BLPR }

i |
multiple allowed! Denominator: { BD: ISGW2, BD* ISGW2 }

hammermphilosophy:
Let the user be crazy

Tell hammer
FFs of the input



HAMMER CARDS

Form factors card Wilson coefficients card

# Hammer v0.9 form factor parameter card

# Hammer v0.9 Wilson coefficient card
BtoDstarCLN:

a

R.hoSq:

F1:
R1:
R2:
RO:

BtoDBLPR:
RhoSq:

a:
as:
mb:
mc:
la:

ebR/eb:
ecR/ec:

chi21:
chi2p:
chi3p:
etal.
etap:
dVv20:

1.0
1.207
0.908
1.401
0.854
1.14

1.24
1.067
0.26

4.710

1.310

0.57115
0.861
0.822

-0.06

-0.00

0.05

0.30

-0.05
0.

Run423:
BtoCTauNu:
SM:
T alLbR:
V_aRbL:
BtoCMuNu:
SM:
BtoCENu:
SM:




NLO HQET FITS

Bernlocher,

Ligeti, MP, Robinson 1703.0533
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Lattice QCD
Fit QCDSR Belle Data
F1)  frol)  frolw>1)
Ly=1 — v v — v
L,=1+SR v v v — v
NoL — — — — v
NoL+SR v — — — v
Ly>1 — v v v Ve
Ly>1+SR v v v v v
th:L,>1+SR v v v v —

Scenario R(D) R(D") Correlation
Lw=1 0.292+ 0.005 Q255+ 0.005 A41%
Lw=1 +SR 0.291+ 0.005 Q255+ 0.003 57%
NoL 0.273+ 0.016 Q250+ 0.006 49%
NoL+SR 0.295+ 0.007 Q255+ 0.004 43%
L 1 0.298+ 0.003 Q261+ 0.004 19%
Ly~ 1+SR 0.299 + 0.003 0.257 + 0.003 A4.%
th:L~ 1+SR 0.306+ 0.005 Q256+ 0.004 33%
Data [9] 0.403+ 0.047 Q310 0.017 1 23%
Refs. [53, 57, 59] 0.300+ 0.008 N N
Ref. [58] 0.299+ 0.003 N N
Ref. [34] N 0.252+ 0.003 N
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NLO HQET FITS

Bernlocher, Ligeti, MP, Robinson 1703.0533

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

0.35

0.3

0.20 |

Contours hold at 68% CL: &! K4 kX ]

————
—~—
-~ ~

7/ ~
/ \\\
/ \
l \
\\ [ \
\ |
\ /l —
\
N
S //

~
\\‘——’/

——— HFAG (2016)
1 SM (others)

1 SM Ly 4rYSR
1 SM NoL YSR
[0 SM th:Ly» RYSR |
1 SM Ly rYSR

0.2

0.3

0.4
RDYV

0.5

y X 8- |
| *QMiQm b ?QH/ iAé FW2RG,
//,, \\\\\
II N
| \\
L \\ ® \|
- \
ij AN /’ ]
N /
i \\\ i
y X k8 d) .
i -——— >6 : UkyRgV
1 aJuQi?2'bV
T adJ Gur
1 aJ LQG
I alJ G R
| | | | | | | | | | |
y Xk y X] y X9 y X



Lw=1 Lw=1+SR NoL NoL+SR Lwt 1 Lwi 1+SR | th:iLw: 1+SR
| 2 40.2 44,0 38.7 431 49.0 538 7.4
dof 44 48 43 A7 48 52 4
Vep| ! 103 | 388+ 1.2 385+ 1.1 N N 391+ 1.1 393+ 1.0 N
G(1) 1.055+ 0.008 1056+ 0.008 N N 1.060+ 0.008 1061+ 0.007 | 1.052+ 0.008
F (1) 0.904+ 0.012 Q901+ 0.011 N N 0.898+ 0.012 0895+ 0.011 | 0.906+ 0.013
{22 1.17+ 0.12 119+ 0.07 | 1.06+ 0.15 119+ 0.08 | 1.33+ 011 124+ 0.06 | 1.24+ 0.08
6,(1) "0.26+ 0.26 " 0.07+ 0.02 | 0.36+ 0.62 " 0.06+ 0.02 | 0.13+ 0.22 " 0.06+ 0.02 | " 0.06+ 0.02
55(1) 0.21+ 0.38 " 0.00+ 0.02 | 0.14+ 0.39 " 0.00+ 0.02 | " 0.36+ 0.28 " 0.00+ 0.02 | " 0.00+ 0.02
55(1) 0.02+ 0.07 Q05+ 0.02 | 0.18+ 0.19  004% 0.02 | 0.09+ 0.07 005+ 0.02 | 0.04+ 0.02
el #(1) 0.30+ 0.04 Q030+ 0.03 | "056+ 0.80 035+ 0.14 | 0.30+ 0.04 030+ 0.03 | 0.31+ 0.04
#11) 0 (bxed) " 0.12+ 0.16 0 (bxed) " 0.11+ 0.18 0 (pxed) " 0.05+ 0.09 | 0.05+ 0.10
miS[GeV] | 4.70+ 0.05 470+ 0.05 | 471+ 0.05 470+ 0.05 | 471+ 0.05 471+ 0.05 | 4.71+ 0.05
$mpc[GeV]| 3.40+ 0.02 340+ 0.02 | 3.40+ 0.02 340+ 0.02 | 340+ 0.02 340+ 0.02 | 3.40+ 0.02

A

¥ Tension: experimental data pudfies down to ~0.3 (vs. 0.6 from QCD sum rules # used in CLN

¥ Including QCD sum rules (SR) as input does not change significantly the quality of the fit nor
backl(1) to higher values

¥ Available data + lattice not sufficient to distinguish among possible sources of tension:

¥ (large neglected 1/erms, trué(1) different than CLN used value, E), currently no definite
Indication that theoretical uncertainties have been underestimated

¥ upcoming lattice and/or data can distinguish among various explanations
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