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Introduction
✦The B physics parking proposal was submitted to the 

CMS management in February 2018, with the main 
goal to make CMS competitive with LHCb in the R(K)/
R(K*) measurements, which attracted a lot of attention 
in the last couple of years


✦It also has potential to enable a number of new 
measurements in B physics sector, which were not 
possible before


✦The proposal was enthusiastically endorsed by the 
management and implemented in early May


✦The goal is "simple": record ~1010 unbiased B hadron 
events this year using the flexibility of the CMS data 
taking model
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Documentation
✦ The proposal can be found here (April 4 XC meeting):


๏ https://indico.cern.ch/event/718742/contributions/2954094/
attachments/1626805/2590890/B_Parking_Proposal_V2.pdf
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Proposal to collect a generic sample of O(1010) B1

hadron decays designed to measure RK and RK⇤ in2

CMS using data parking in 20183

Oliver Buchmueller,1 Sara Fiorendi,2 John Hakala,3 Mario Galanti,44

Georgios Karathanasis,5 Stefano Lacaprara,6 Greg Landsberg,3 Ka Tung Lau,35

Sandra Malvezzi,2 Riccardo Manzoni,7 Martino Margoni,5 Fabrizio Palla,86

Maurizio Pierini,9 Paris Sphicas,5,9 and Mauro Verzetti.97

1High Energy Physics Group, Blackett Laboratory, Imperial College, Prince Consort Road, London,8

SW7 2AZ, United Kingdom9

2Universita and INFN Milano-Bicocca, P.za della Scienza 3, 20126 Milano, Italy10

3Department of Physics, Brown University, Providence, RI 02912, USA11

4Department of Physics and Astronomy, University of Rochester, 206 Bausch and Lomb Hall,12

Rochester, NY 14627-0171, United States13

5National and Kapodistrian University of Athens, Athens, Greece14

6Universita di Padova and INFN, Via Marzolo 8 35131 Padova, Italy15

7ETH Zuerich, Institute for Particle Physics, Otto-Stern-Weg 5, 8093 Zürich, Switzerland16
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Abstract: In this proposal we outline a trigger strategy that — combined with data park-19

ing — could enable CMS to collect in 2018 a su�ciently large data set of B±(0) ! K(⇤)``20

decays in order to perform a significant and competitive measurement of both RK and21

RK⇤ . The data set of O(1010) B hadron decays will also enhance the general B physics22

programme in CMS by, for example, allowing to perform a number of competitive searches23

for rare B (Bs) decays reaching branching fractions as low as 10�7 (10�6), as well as studies24

of CP violation in B meson decays.25

It should be noted that this is a working document reflecting the current sta-26

tus of the proposal. As the proposal further develops this document will be27

updated accordingly.28



 S
lid

e 
G

re
g 

La
nd

sb
er

g 
- C

M
S 

B 
Ph

ys
ic

s 
Pa

rk
in

g 
- C

M
S 

RD
M

S 
M

ee
tin

g 
20

18

The Case for 1010 B's
✦ The original case for a sample of 1010 B's was to offer a unique 

test of the B physics flavor anomalies:

๏ R(K)

๏ R(K*)

๏ Possibly R(D)/R(D*)


✦ Soon realized that the sample offers significantly more broad 
program with a potential to revolutionize the way we do B 
physics in CMS


✦ The number of B's we propose to put on tape rivals the full Run 
1 event count of LHCb and offers a possibility of opposite-side 
tagging for time-dependent/CP-violation analyses


✦ Could profit from the key features of the CMS detector 
(excellent tracking, muon system, ECAL, τ ID) to compete with 
(or beat!) LHCb on a number of important measurements of rare 
decays and searches for new states (e.g., via radiative decays)

�4
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Status of Flavor Anomalies
✦ From Wolfgang Altmannshofer's talk at the Aspen 2018 Winter Conference:


๏ https://indico.cern.ch/event/660187/contributions/2888216/attachments/
1625622/2588612/talk_Aspen.pdf

�5

The State of Flavor Anomalies Winter 2018

adapted from

Zoltan Ligeti

Wolfgang Altmannshofer (UC) Implications of B Physics Anomalies March 29, 2018 4 / 24

• Angular 
observables in 
B0→K*0µµ decay

• Br of several of 
b→sll processes 

• Lepton-flavor 
universality tests in 
b→sll and b→clν

https://indico.cern.ch/event/660187/contributions/2888216/attachments/1625622/2588612/talk_Aspen.pdf
https://indico.cern.ch/event/660187/contributions/2888216/attachments/1625622/2588612/talk_Aspen.pdf
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Flavor Anomalies: R(K(*))
�6

Experimental Situation

RK (⇤) =
BR(B ! K (⇤)µµ)

BR(B ! K (⇤)ee)

R[1,6]
K = 0.745+0.090

�0.074 ± 0.036

R[0.045,1.1]
K⇤ = 0.66+0.11

�0.07 ± 0.03

R[1.1,6]
K⇤ = 0.69+0.11

�0.07 ± 0.05

3 observables
deviating by ⇠ 2� � 2.5�
from the SM predictions

Wolfgang Altmannshofer (UC) Implications of B Physics Anomalies March 29, 2018 13 / 24

Standard Model Predictions for RK and RK ⇤

RK (⇤) = 1 +O
 

m2
µ

q2

!
⇥
✓

1 +O
✓
⇤QCD

mb

◆
+O (↵s)

◆
+O

✓
↵em

⇡
log2

✓
m2

e
m2

µ

◆◆

phase space
(tiny effect)

hadronic corrections
(tiny effect)

QED corrections
(soft and collinear
photon emission)

Bordone, Isidori, Pattori 1605.07633

R[1,6]
K = 1.00±0.01 , R[1.1,6]

K⇤ = 1.00±0.01 , R[0.045,1.1]
K⇤ = 0.91±0.03

I QED corrections seem to be well modeled by Monte Carlo
(PHOTOS)

Wolfgang Altmannshofer (UC) Implications of B Physics Anomalies March 29, 2018 14 / 24
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R(K(*)) Implications
✦ If correct, undoubtedly means new physics 
✦ Main contributions are expected from C9 and C10 Wilson coefficients 

(or C7 at low q2 for R(K*), but there are severe constraints from b →sγ 
transitions)

�7

7

B. Fits to RK , RK⇤ and Bs ! µµ

We now add BR(Bs ! µµ) to the data set.4 It is theoretically similarly clean to the LUV observables, with NNLO QCD
and NLO electroweak corrections known [53], and the sole hadronic parameter, the decay constant fBs , having been precisely
computed by different lattice QCD collaborations [54]. To simplify the fit, we consider the ratio

R =
BR(Bs ! µµ)

BR(Bs ! µµ)SM
=

����
Cµ

10

CSM
10

����
2

, (16)

in which theory uncertainties cancel and which, among the set (C`
9, C

`
10), only depends on the coefficient Cµ

10, such that it is
natural to add it to the fit of muon-specific Wilson coefficients. The experimental value is Rexp = 0.83(16), where the results
from CMS and LHCb including run I and run II data are averaged as in ref. [55]. The error includes, in quadrature, the theory
uncertainty on the SM rate, which is small compared to the experimental ones.

Including R increases the SM p-value marginally to 3.7 10�4 (3.56�). We next perform the same fits as in the previous
subsection, but to the extended data set. The results are shown in Tab. III and, for the fit of (�Cµ

9 , �C
µ
10) fit, in Fig. 4.

TABLE III: Best fit values, goodness of fit, SM exclusion level, and confidence intervals for fits of single or pairs of Wilson coefficient, to
RK , RK⇤ and Bs ! µ+µ� data, similar to Table II.

Coeff. best fit �2
min p-value SM exclusion [�] 1� range 3� range

�Cµ
9 -1.64 5.65 0.130 3.87 [-2.31, -1.12] [<-4, -0.31]

�Cµ
10 0.91 4.98 0.173 3.96 [0.66, 1.18] [0.20, 1.85]

�Cµ
L -0.61 3.36 0.339 4.16 [-0.78, -0.46] [-1.14, -0.16]

Coeff. best fit �2
min p-value SM exclusion [�] parameter ranges

(�Cµ
9 , �C

µ
10) (-0.76, 0.54) 3.31 0.191 3.76 Cµ

9 2 [-1.50, -0.16] Cµ
10 2 [0.18, 0.92]

FIG. 4: Fits to RK , RK⇤ and BR(Bs ! µµ). The band for RK⇤ includes only the [1.1,6] GeV2 bin

Again, all four scenarios considered provide good fits. The main impact on the two-parameter fit is that the allowed region is
narrowed down considerably, with large positive correlated values of �Cµ

9 and �Cµ
10 no longer allowed. We note, in particular,

4 The overline refers to the fact that the experiments access the time-integrated branching ratio, which depends on the details of BsB̄s mixing [52].

Potential connection to the Bs(µµ)  
branching fraction, which is 
presently ~1σ low
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Flavor Anomalies R(D(*))
�8

The Experimental Situation

world average from the heavy flavor averaging group

RD =
BR(B ! D⌧⌫)

BR(B ! D`⌫)

RD⇤ =
BR(B ! D⇤⌧⌫)

BR(B ! D⇤`⌫)

` = µ, e (BaBar/Belle)
` = µ (LHCb)

bla

Rexp
D = 0.407 ± 0.039 ± 0.024 , Rexp

D⇤ = 0.304 ± 0.013 ± 0.007

discrepancies with the SM by 2.3� and 3.4�, respectively

Wolfgang Altmannshofer (UC) Implications of B Physics Anomalies March 29, 2018 6 / 24
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Flavor Anomalies: Br
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Figure 5: Di↵erential branching fraction of B0! K⇤(892)0µ+µ� decays as a function of q2. The
data are overlaid with the SM prediction from Refs. [48,49]. No SM prediction is included in the
region close to the narrow cc̄ resonances. The result in the wider q2 bin 15.0 < q2 < 19.0GeV2/c4

is also presented. The uncertainties shown are the quadratic sum of the statistical and systematic
uncertainties, and include the uncertainty on the B0! J/ K⇤0 and J/ ! µ+µ� branching
fractions.

Table 2: Di↵erential branching fraction of B0! K⇤(892)0µ+µ� decays in bins of q2. The first
uncertainty is statistical, the second systematic and the third due to the uncertainty on the
B0! J/ K⇤0 and J/ ! µ+µ� branching fractions.

q2 bin (GeV2/c4) dB/dq2 ⇥ 10�7 (c4/GeV2)

0.10 < q2 < 0.98 1.016+0.067
�0.073 ± 0.029± 0.069

1.1 < q2 < 2.5 0.326+0.032
�0.031 ± 0.010± 0.022

2.5 < q2 < 4.0 0.334+0.031
�0.033 ± 0.009± 0.023

4.0 < q2 < 6.0 0.354+0.027
�0.026 ± 0.009± 0.024

6.0 < q2 < 8.0 0.429+0.028
�0.027 ± 0.010± 0.029

11.0 < q2 < 12.5 0.487+0.031
�0.032 ± 0.012± 0.033

15.0 < q2 < 17.0 0.534+0.027
�0.037 ± 0.020± 0.036

17.0 < q2 < 19.0 0.355+0.027
�0.022 ± 0.017± 0.024

1.1 < q2 < 6.0 0.342+0.017
�0.017 ± 0.009± 0.023

15.0 < q2 < 19.0 0.436+0.018
�0.019 ± 0.007± 0.030

12

b→sll Branching Fractions

BFs too low in b⇥ sµ+µ� decays?

]4c/2 [GeV2q
0 5 10 15

]2
/G

eV
4 c [2 q

/dB
 d

0

0.05

0.1

0.15
6−10×

LHCb

B0⇥ K⇤0µ+µ�

[arXiv:1606.04731]
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[JHEP 11 (2016) 047,   
JHEP 04 (2017) 142] 

 [JHEP 09 (2015) 179] [JHEP 06 (2015) 115] 

 [JHEP 06 (2014) 133] 

•  Several b→sll branching fractions measured at LHCb 
show some tension with predictions, particularly at low q2  

B0→K*0µµ 	 B0
s→φµµ 	 Λ0

b→Λ0µµ 	
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Figure 2: Di�erential branching fraction results for the B+⇤ K+µ+µ�, B0⇤ K0µ+µ� and
B+ ⇤ K⇥+µ+µ� decays. The uncertainties shown on the data points are the quadratic sum
of the statistical and systematic uncertainties. The shaded regions illustrate the theoretical
predictions and their uncertainties from light cone sum rule and lattice QCD calculations.

Table 3: Integrated branching fractions (10�8) in the high q2 region. For the B ⇤ Kµ+µ�

modes the region is defined as 15� 22GeV2/c4, while for B+⇤ K⇥+µ+µ� it is 15� 19GeV2/c4.
Predictions are obtained using the form factors calculated in lattice QCD over the same q2

regions. For the measurements, the first uncertainty is statistical and the second systematic.

Decay mode Measurement Prediction

B+⇤ K+µ+µ� 8.5± 0.3± 0.4 10.7± 1.2

B0⇤ K0µ+µ� 6.7± 1.1± 0.4 9.8± 1.0

B+⇤ K⇥+µ+µ� 15.8 +3.2
�2.9 ± 1.1 26.8± 3.6

measurements are all individually consistent with their respective predictions, they all
have values below those.

9

→ 3.3σ	discrepancy  

→ 2.6σ	discrepancy  
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Summary of Flavor Anomalies
�10

Table 1. Summary of the most important B physics anomalies. Details of each item are discussed
in the text.

Observable SM prediction Measurement Discrepancy

RK(⇤)(q2 = m2

``) = �(B±(0) ! K(⇤)µµ)/�(B±(0) ! K(⇤)ee)

RK([1, 6] GeV2) 1.00 ± 0.01 [11, 12] 0.745+0.090
�0.074 [2] ⇡ 2.5�

RK⇤([0.045, 1.1] GeV2) 0.92 ± 0.01[13] 0.660+0.110
�0.024 ± 0.036 [1] ⇡ 2.3�

RK⇤([1.1, 6.0] GeV2) 1.00 ± 0.01 [11, 12] 0.685+0.113
�0.069 ± 0.047 [1] ⇡ 2.4�

B0 ! K⇤µµ angular distribution

P 0
5

see text see Refs. [4, 5] ⇡ 2 to 4�

Rµµ = �(B ! µµ)/�SM(B ! µµ)

Rµµ 1 0.75+0.14
�0.13 [9] ⇡ 1.7�

RD(⇤) = �(B ! D(⇤)⌧⌫)/�(B ! D(⇤)`⌫) (` = e, µ)

RD(⇤) see Ref. [10] see Ref. [10] ⇡ 4�

but both more data and refinement of theoretical predictions are needed to reach definite60

conclusions. Furthermore, as the b ! sµµ transition is theoretically closely related to61

Bs ! µµ, also the measurement of the latter is relevant. Based on a private world average62

of the MasterCode Collaboration[9], Rµµ = �(B(s) ! µµ)/�SM(B(s) ! µµ) = 0.75+0.14
�0.1363

corresponding to a deviation of about 2� from the SM prediction. In addition, there are64

rather striking deviations in the measurements of RD(⇤) = �(B ! D(⇤)⌧⌫)/�(B ! D(⇤)`⌫)65

(` = e, µ), which, when combined, are at level of ⇡ 4� with respect to the SM predic-66

tions [10].67

Table 1 summarizes these deviations. While it will be di�cult for CMS to contribute68

to the scrutiny of all the anomalies, measurements with muon(s) in the final state, such69

as B(s) ! µµ and B ! K⇤µµ are already actively pursued in CMS with competitive70

sensitivity. However, in order to infer if the measurements of B(B(s) ! µµ) or P 0
5
are71

compatible with the SM predictions, the experimental uncertainty and, in some cases, the72

theoretical uncertainty have to be improved.73

In contrast, the RK(⇤) observables are theoretically very clean and, thus, are an ideal74

probe for new physics in B hadron decays. It seems very likely that these ratio measure-75

ments will be the ultimate probe to establish whether or not there are significant deviations76

from the SM involving lepton non-universality.77

In order for the CMS experiment to establish firm role in the exploration of potential78

lepton flavour universality violation it is essential to be able to collect a significant sample79

of K(⇤)ee events in order to measure the ratios:80

RK(⇤) =
�(B±(0) ! K(⇤)µµ)

�(B±(0) ! K(⇤)ee)
.

While CMS already has a trigger in place to select a su�ciently large sample of81

B±(0) ! K(⇤)µµ events, there are no existing triggers that would allow to collect an82

adequate B±(0) ! K(⇤)ee data sample. In this proposal, we outline a trigger strategy that,83
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Table 7. Expected yields of di↵erent fully reconstructable B decays. N (2018) represents the number
of events recorded in the entire run year 2018, N(20h, 100 Hz) stands for the number of events
collected in a fill of 20 hours with 100 Hz of HLT rate and N (108 trigger) identifies the number of
decays that are contained in a sample of 108 triggers. Here we assume a typical B hadron purity of
about 80% for single-muon trigger after HLT refinement.

Mode N (2018) N(20h, 100 Hz) N (10
8
triggers) B(K(⇤)

)

Partially reconstructable B ! D⇤+l�⌫ decay mode

B0 ! D⇤+l�⌫ ! D0⇡+l�⌫ 0.049⇥ 0.68

! K�⇡+⇡+l�⌫ 5.5⇥ 10
6

2530 3.5⇥ 10
4 ⇥0.035 = 1.1⇥ 10

�3

Full reconstructable B ! D⇡ decay mode

B0 ! D+⇡� ! K�⇡+⇡+⇡�
1.25⇥ 10

6
576 8.0⇥ 10

3
2.5⇥ 10

�4

B± ! D0⇡± ! K⌥⇡±⇡±
9.5⇥ 10

5
438 6.1⇥ 10

3
1.9⇥ 10

�4

Main background sample B ! K(⇤)J/ decay mode

B0 ! K⇤J/ ! K+⇡�`+`� 2.6⇥ 10
5

121 1.7⇥ 10
3

5.24⇥ 10
�5

B± ! K±J/ ! K±`+`� 3.1⇥ 10
5

141 2.0⇥ 10
3

6.12⇥ 10
�5

Signal sample B ! K(⇤)`+`� non resonante decay mode

B0 ! K+⇡�`+`� 3290 ⇡ 1 21 6.6⇥ 10
�7

B± ! K±`+`� 2250 ⇡ 1 15 4.51⇥ 10
�7

gives su�cient rate to feed a simple HLT refinement of a L3 muon. For example, assuming609

a rate of about 2kHz after HLT refinement and a fill of about 10h would yield roughly610

108 triggers5 . As shown in table 7, such a data sample would contain a large statistic of611

several control samples that would enable use to perform independent measurements of the612

B purity.613

With about 4.4 ⇥ 104 D⇤+l� and roughly 104 D⇡ decays a precise measurement of614

the B purity, both in partially reconstructed as well as fully reconstructed decays, should615

be straightforward. This precise measurement would also serve as reference for the data616

quality monitoring in the course of the run year. Furthermore, 108 triggers would also617

contain about 2000 events of B0 ! J/ (l+l�)K±⇡⌥ and B± ! J/ (l+l�)K±, which is618

about the same number of events that we expected to collect in the entire run year for our619

signal events. Therefore, this data sample would not only serve a precise determination of620

the B purity but would also enable us to fully commission the analysis using its natural621

control samples.622
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Competing on R(K(*))
✦ LHCb measurements are based on ~100 ee events each

✦ By now should have doubled the data set

✦ Given the branching fraction ~10-7 and  

reconstruction efficiency ~10% we hope  
to achieve, requires ~1000 recorded events  
to start getting competitive


✦ Need to use a L1 seed with high B rate and purity and park it after 
simple HLT refinement:

�11
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How many unbiased B decays do we need?

Ø Use RK
(*) measurements as reference to define sample size.

•  With a BRs of 2/3 x 9.9x10-7 for B0àK*μμ (or K*ee)  and 4.5×10−7 B+àK+μμ  
(or K+ ee) we are looking at decays that have O(10-7) branching fractions.  

Ø In order to be competitive with LHCb we need at least a few 
hundred of fully reconstructed events.
•  Taking into account acceptance and reconstruction efficiency this would 

require O(103) events written to tape. 

see arXiv:1705.05802

Ø So, we would require about O(1010) to start with.
•  #B = 1/O(10-7) x O(103) ~ O(1010), where the first part is the BR and the 

second part is the number, BEFORE acceptance and reconstruction 
efficiency, of signal events that we need to get on tape!

•  So, here we have assumed O(10%) for acceptance and efficiency, which is 
ambitious (to say the least).  
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How much rate do we need to park for O(1010) B decays?
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Putting it all Together

✦ N.B. to make the parked data maximally useful for 
other analyses, we DO NOT WANT to bias the probe 
side

๏ The HLT requirements are only applied to the tag, 

creating truly minimal bias on the probe side

✦ With these numbers, assuming 2 kHz of parking rate 

to tape and 1 MB/event (i.e. 2GB/s parking rate), we 
expect to write ~3300 K*ll and 2200 Kll events to tape�12

Table 4. Rate, B hadron purity, rate reduction, and signal e�ciency ✏ for the L1 seed
L1 SingleMu 22 eta2p1 Q12 after applying di↵erent L3 muon pT requirements at the HLT. The
basic numbers for the total rate and B-only rate of the considered L1 seed are given in Table 2.

L3-µ pT [GeV] Rate [Hz] Rate (B only) [Hz] B Purity Rate Red. ✏ (signal)

5 2118.9 1603.0 75.7% 3.0 66.9%

6 2069.7 1588.9 76.8% 3.0 66.3%

12 1644.1 1353.2 82.3% 3.8 56.5%

22 703.0 390.7 55.6% 18.9 16.3 %

passing this L1 seed and not originating from a B hadron decay are predominately found304

at very low transverse momentum. This suggest that a L2+L3 momentum refinement at305

the HLT could reduce the rate significantly and at the same time increase the B hadron306

purity of the triggered sample. This is confirmed by a dedicated study that measures the B307

hadron purity of the L1 seed as a function of the momentum threshold of the corresponding308

HLT muon. The results of this study are summarized in Table 4. It can be seen that a309

significant rate reduction, together with an increase of B hadron purity of to up to 80%,310

are possible. Therefore, assuming that it is possible to operate the chosen L1 trigger at311

about 10 kHz rate on average in the course of a fill, the 2 kHz of parking rate would imply312

that about 3300 B0 ! K⇤`+`� and about 2250 B± ! K±`+`� events can be collected in313

20183.314

In addition to refining the L1 single muon seed as outlined here, we are also investigat-315

ing the option of refining the dimuon L1 seeds at the HLT, which may lead to even higher316

B hadron purity, which, in turn, would allow us to come even closer to the maximum317

possible yields (i.e. B hadron purity of close to 100%) of about 4100 B0 ! K⇤`+`� and318

about 2800 B± ! K±`+`� events that can be obtained for the parking rate of 2 kHz. We319

are also investigating the option of using regional reconstruction at the HLT around the320

tag side in order to cluster the jet that originates from the B hadron decay, which could321

enable an even more sophisticated refinement of the L1 seeds at the HLT.322

However, as we are approaching a B purity of 80% already, additional refinements at323

the HLT will only lead to a marginal increase of the expected yields. In order to go beyond324

the maximal yields that can be obtained from 2 kHz of parking, we would have to reduce325

the event size that is written to tape after the HLT decision. As is evident from Fig. 3326

(left), the probe B meson decay products are almost never found further away in ⌘ than327

about 2.5 from the tag muon. This implies that we could, on event-by-event basis, reduce328

the event size by approximately a factor of 2 by dropping the pixel, tracker, and ECAL329

FEDs that are further away in pseudorapidity from the tag muon than about 2.5, as well330

as the HF and extra trigger information. In a typical run, the tracker FEDs correspond to331

400KB, ECAL FEDS to 200KB. pixel FEDs — to 120KB, and trigger + HF — to 100KB332

of data for each event, which account for about 90% of the event size. Dropping half of333

3
Here we are again using Eq. (3.1) as for Table 3, but assume the 2kHz of total rate for parking and a

B hadron purity of 80%.

– 10 –
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Summary of the Proposal
�13

at a L1 rate of about 8 to 10 kHz total, as it was the case in 2017, one could select a406

su�ciently large sample of unbiased B hadron decays via the opposite-side L1 triggering407

approach (see Section 3.2). A simple refinement of the L1 seed at the HLT via, e.g. L3408

muon reconstruction, as shown in Section 3.3 can reduce the initial L1 rate down to the409

required 2 kHz for parking, while still maintaining a very high B hadron purity.410

Table 5. Summary of the expected yields of important B modes that can be collected with 2 kHz of
parking in 2018. For the 2018 we assume secLHC = 7.8 ⇥ 106 [16] of LHC running and B hadron
purity of PHLT = 0.8 after a refinement of the L1 seed at the HLT (see Section 3.2). Note that
for the yield of B0 ! K⇤`+`� decays the factor 2

3
for the decay of K⇤(893) ! K±⇡⌥, which is

required to fully reconstruct this decay, is already included. Note that the numbers in this table do
not include the reconstruction e�ciency.

Mode N2018 fB [17] B
Generic B hadrons

B0

d 4.99 ⇥10
9

0.4 1.0

B±
4.99 ⇥10

9
0.4 1.0

Bs 1.56 ⇥10
9

0.1 1.0

b baryons 1.56 ⇥10
9

0.1 1.0

Bc 1.25 ⇥10
7

0.001 1.0

B hadrons total 1.25 ⇥10
10

1.0 1.0

Interesting B decays

B0 ! K⇤`+`� 3290 0.4
2

3
⇥ 9.9⇥ 10

�7
[14]

B± ! K±`+`� 2250 0.4 4.51⇥ 10
�7

[15]

Using Eq. (3.1) and assuming secLHC = 7.8⇥106 [16] for LHC running in 2018 and a B411

purity of PHLT = 0.8 after refinement of the L1 seed at HLT (see Section 3.2) allows us to412

estimate the yield of B hadron decays that can be collected with 2 kHz of parking. For the413

most important B meson decay modes the results are summarized in Table 5. With yields414

ranging from about 5⇥109 events for B0,± mesons to 109 Bs mesons and b baryons the415

collected data sample would enable a rich and competitive B physics programme that would416

complement the currently ongoing studies in CMS that are mainly based on rare B hadron417

decay modes involving muons in the final state. Furthermore, with about 3000 B0 !418

K⇤`+`� and 2000 B± ! K±`+`� collected, this data sample could enable a significant419

measurement of RK⇤ and RK .420

If it is decided to increase the available L1 rate and compensate this by the reduction421

in the event size by approximately a factor of 2, as outlined in Section 3.3, it might be even422

possible to double the expected yields shown in Table 5.423

Furthermore, a competitive measurement of RK(⇤) ratios is also subject to a timely424

delivery of the result. As the majority of the parked data can likely only be processed425

during the shutdown, we plan to include in the normal data stream (Stream A) a fraction426

of the events that are collected with our trigger strategy. Using control samples that427

exhibit similar decay topologies but have significantly larger branching fractions would428

allow us to establish the full analysis strategy in the course of 2018 data taking by using429

data from the normal processing of Stream A. The most natural control samples would be430

– 15 –

More than 20x the entire BaBar B sample in 6 months!
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R(K(*)): Tough Experimentally
✦ LHCb has poor electron energy resolution and there 

is significant radiative tail, leading to potential J/ψK(*) 
leakage - very hard to control experimentally
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LHCb: RK*0 � experimental issues
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Challenges for CMS
✦ Main challenges: Br ~ 10-7


๏ This is why need ~1010 B's!

✦ Low-energy electron reconstruction


๏ Need significant investment to improve it down to ~1 GeV

๏ A bit less challenging with R(K)

�15

The problem (B→Kee)
•B→Kee leads to very soft electrons (with most probable pT value of ~1–2 GeV) 

•By default, reconstruction efficiency is ~zero below 2 GeV 

•Reconstruction efficiencies are low (0–60%) for 2 < pT < 10 GeV 

•A(Kee) = ~50%, A×ε(Kee) = ~5% (B→Kee sample, pTµ,tag > 7 GeV) 

•Comparable numbers for for B*0→K*ee

!10Robert Bainbridge16 May 2018
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B→Kee B0→K*ee

Nominal 5.0 4.2

Lowered 6.7 5.2 0 1 2 3 4 5 6 7 8 9 10
 [GeV]

T
genp

0

0.05

0.1

0.15

a.
u.

)
T

Electron (leading p

)
T

Electron (sub-leading p

Kaon

R. Bainbridge

S
ee

di
ng

Rob Bainbridge
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Conversions to Rescue
✦ Use conversions to study low-pT  

electrons

�16

Conversions can be used to study low pT electrons

Use conversions 
stemming from the first 
pixel layer/beampipe

|h| < 1

�0.20 �0.15 �0.10 �0.05 0.00 0.05 0.10 0.15 0.20

�'(ECAL, ktf track)

0

2

4

6

8

10

12

14

16

A
.U

.

electrons
background

0.000 0.025 0.050 0.075 0.100 0.125 0.150 0.175 0.200

�⌘(ECAL, ktf track)

0

10

20

30

40

50

60

A
.U

.

electrons
background

Example of 
discriminating variables 
used in the seeding

!15

Other datasets are also 
being considered

N. Marinelli

M. Verzetti

Nancy Marinelli 
Mauro Verzotti



 S
lid

e 
G

re
g 

La
nd

sb
er

g 
- C

M
S 

B 
Ph

ys
ic

s 
Pa

rk
in

g 
- C

M
S 

RD
M

S 
M

ee
tin

g 
20

18

Electron Reconstruction
✦ First look on improvement of electron reconstruction 

by retraining the electron ID BDT targeting low-pT 
electrons


✦ Looks very promising!

�17

Very preliminary results look promising

0.0 0.2 0.4 0.6 0.8 1.0

FPR

0.0

0.2

0.4

0.6

0.8

1.0

TP
R

data training

Retraining, full BDT (data)
Old training, full BDT (data)
Retraining, small BDT (data)
Retraining, full BDT (mc)
Old training, full BDT (mc)
Retraining, small BDT (mc)

From a preliminary study a 
simplified approach 
outperforms the current 
selection, both for conversion 
data (solid) and B→Kee MC 
(dashed).

We are currently investigating 
the performance difference 
between data and MC

Even better performance might 
come from more/better 
features and/or deep learning

!16

Mauro Verzotti
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Parking: Trigger Strategy
�18

Trigger strategy — L1

Tag B 
w/ displaced µ

Probe B

!5

2017

2018
Turn on different single muon 
h-restricted L1 seeds as the 
inst. luminosity decreases

S. Fiorendi

R. Manzoni

M. Verzetti

Trigger strategy — L1

Tag B 
w/ displaced µ

Probe B

!5

2017

2018
Turn on different single muon 
h-restricted L1 seeds as the 
inst. luminosity decreases

S. Fiorendi

R. Manzoni

M. Verzetti

✦ As the luminosity drops, turn on various 
single-muon |η|-restricted seeds, which 
allow to keep L1 rate constant and 
increase HLT rate toward the end of each 
fill


✦ Tuned thresholds, while gaining 
experience; HLT_Mu9_IP6,5,4 are the 
main triggers

Trigger strategy

Tag B 
w/ displaced µ

Probe B

!4

Probe B is unbiased,  
even better than LHCb  
that triggers on the decaying B  
they use for analysis

Trigger strategy — HLT

Tag B 
w/ displaced µ

Probe B

!6

Brief summary of data-taking

 5

Fill Range HLT Set

6659 - 6666 FirstRun

6672 - 6683 Set1

6688 - 6690 Set1(*)

6693 - 6761 Set1

6762 Set2 (*)

6763 - now Set2

 

Lumi col. 
[E34] FirstRun Set1 Set2

1.6 - - HLT_Mu12_IP6

1.4 - HLT_Mu9_IP6 HLT_Mu9_IP6

1.2 - HLT_Mu9_IP6 HLT_Mu9_IP5

1 HLT_Mu9_IP6 
HLT_Mu10p5_IP3p5 
HLT_Mu8p5_IP3p5

HLT_Mu9_IP6 HLT_Mu9_IP5

0.8 HLT_Mu8_IP3 HLT_Mu7_IP4

• Most of data taken so far with Set1 

• since Fill 6693, a slightly looser L1 seed was 
active at 1.2E34 

• Starting from HLT Menu v2.2, an optimized 
version of the trigger proposal (Set2) which 
improves by 15% the number of saved B is running 
online

(*) incorrect prescales of L1 seeds

Carefully tuned thresholds to 
maximise physics outcome: 
probe Bs in acceptance

Avg. rate: >2kHz

S. Fiorendi

R. Manzoni

M. Verzetti
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Trigger Tuning
✦ Trigger strategy has been carefully  

optimized to maximize the number of  
B hadrons to tape, given the  
fixed bandwidth


✦ Required calculation of the  
purity of the triggers in  
terms of B hadrons

๏ Very high purity of 70-80%  

is achieved

๏ Confirmed with the parked 

data using reconstructed 
B → D*μν decays on the 
tag side


๏ Makes use of soft pions from 
D* decays (down to 300 MeV)

�19

HLT rate and purity

0 2000 4000 6000 8000 10000 12000
rate on ZeroBias [Hz]

0

500

1000

1500

2000

2500

3000

3500

4000

ra
te

 o
f b

ba
r f

ro
m

 Q
C

D
 [H

z]
1.0E34 lumi column

 and IP significance
T

muon p
muon IP significance

 
T

muon p

 10

Flat throughput at 2GB/s

Lumi 
column

HLT rate 
[Hz]

L1 seed  
(other than Mu22)

2.0 E34 1515 L1_SingleMu22

1.8 E34 1656 L1_SingleMu18er1p5

1.6 E34 1825 L1_SingleMu14er1p5

1.4 E34 2033 L1_SingleMu12er1p5

1.2 E34 2294 L1_SingleMu10er1p5

1.0 E34 2632 L1_SingleMu8er1p5

7.5 E33 3226 L1_SingleMu7er1p5

5.0 E33 4167 L1_SingleMu6er1p5

2.5 E33 5882 L1_SingleMu6er1p5

→ purity ~ 77% 

Trigger tuning

Trigger has been tuned 
computing the rate on ZeroBias 
and the Bprobe rate on QCD (pT 
20-120) MC simulation.

Very high “purity” estimate  
(up to ~80%).

Is it too optimistic?

!8

Each point in the cloud 
represent a tentative selection 
in pT(µ) and IP significance

λ =
NMC(Bprobe in acceptance)

NData(Zero Bias)

S. Fiorendi

R. Manzoni

M. Verzetti

Sara Fiorendi 
Riccardo Manzoni


Mauro Verzetti
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First Look at Parked Data
✦ As of today, we have written to tape 8.6 x 109 events 

with ~70% purity

๏ On track for the design goal of 1010 B hadrons to tape


✦ While the main sample is still only recorded, we have 
about 500M events already reconstructed, and 
about as many to be reconstructed soon (O(10%))


✦ First look at these data is very promising - already 
see several decays for the first time in CMS


✦ The next few slides show a collage of some of these 
results

�20
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Trigger-Level Dimuon Spectrum
�21 1 10 210

 invariant mass [GeV]-µ+µ

10

210

310

410

510

610

710

Ev
en

ts
 / 

G
eV

CMSPreliminary (13 TeV, 2018)

0.7 0.8 0.9 1 1.1 1.2 8.5 9 9.5 10 10.5

ρ
ɸ

Y

J/ψ
ψ(2S)

Z

Ka Tung Lau
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Displaced Dimuons
�22
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CMSPreliminary (13 TeV, 2018)

Ka Tung Lau
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Purity Estimator
�23

B0 ! D⇤µ⌫ ! µK⇡⇡s⌫
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 / ndf 2χ  272.3 / 59

p0        12.5±6142 − 

p1        1.162e+02± 7.962e+04 

p2        5.466e+02±2.536e+05 − 

p3        19.9±  1304 

p4        0.000± 0.145 

p5        0.000014± 0.001091 

0.135 0.14 0.145 0.15 0.155 0.16 0.165
)π) - M(K,

S
π,πM(K,
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200

400
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800
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1200

1400

 / ndf 2χ  272.3 / 59

p0        12.5±6142 − 

p1        1.162e+02± 7.962e+04 

p2        5.466e+02±2.536e+05 − 

p3        19.9±  1304 

p4        0.000± 0.145 

p5        0.000014± 0.001091 

Preliminary CMS

Purity on data

Extremely low-pT pions (> 300MeV)

!9

Btag → D*+ ( → D0( → Kπ)π)μν

G. Karathanasis

1−10 1 10)Sπ(T
p

1

10

210

310

410

510

610

Preliminary CMS

26-06-2018|G.Karathanasis 10

B purity result 

- This is the η restricted B purity from events  that pass HLT_Mu9_IP6 and not uniquely 
fired from L1_SignleMuon22
- Plot: M(K,π,π

S 
)-M(K,π) ; Fit: Gaussian+2nd order pol. ; RS: Q(μ)≠Q(π

S
) ; WS: Q(μ)=Q(π

S
)

- N(μ): calculated from events that passed HLT_Mu9_IP6 .AND.  fired from the Low p
T
 seeds

Factor Value

α*ε 0.10

F
cor

0.22

N(μ) 20161145

Fit 8331

P
b
=

1

N (μ)×F
c orr

N (B0→D*+ μν ; data )
α (D*+ )×ε (D*+ )×0 .026

P
b
= 0.73

George Karathanasis
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First Electron Results
�24
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First look at data seems promising

Use 470e6 events from a dedicated processing  
(thanks PPD and O&C!)

With very simple selection: 230 B→J/Y(→ee) K, 128 B→J/Y(→ee) K*

First observations in CMS!

B ! J/ (! ee)K
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B ! J/ (! ee)K⇤

K⇤ ! ⇡K
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First look at data seems promising

Use 470e6 events from a dedicated processing  
(thanks PPD and O&C!)

With very simple selection: 230 B→J/Y(→ee) K, 128 B→J/Y(→ee) K*

First observations in CMS!

B ! J/ (! ee)K
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✦ First observation of these decays in CMS!

๏ Out-of-the-box electron ID Sara Fiorendi 

Riccardo Manzoni
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First All-Hadronic Decay
�25

First look at data seems promising

!13

Different dataset size with 
respect to the previous plots.


Fully hadronic decay.


First observations in CMS!

B+ ! D0(! K⇡)⇡+
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T. Strebler

Thomas Strebler
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Other Uses
✦ So far, we only brainstormed other potential physics 

cases

✦ Need significantly more people to start thinking about the 

potential use and to take ownership of the analyses we 
could pursue


✦ Some (rough) ideas:

๏ Rare Bs decays: ττ, φφ, KK, Kπ, K∗K∗, Kττ, K∗ττ 

๏ R(D(*)) measurement [for the first look, see Oliver's talk]

๏ Flavor violating decays: B(s) → τµ, τe
๏ CP-violation in various decays, using opposite-side tagging
๏ Perhaps even probe τ → 3µ via 3x108 D(*)τν decays → 

D(*)µµµν
๏ Your favorite topic here

�26
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Quintessential CMS!
✦ This challenging program would not have been 

possible if not for quintessential CMS strength:

๏ Everybody pulled together and were willing to take 

calculated risks to make this happen!

✦ Many thanks to Run Coordination, Trigger/TSG, 

DAQ, Computing & Offline, T0 Operations, PPD, 
Physics Coordination, EGM for strong support and a 
lot of help!


✦ The success of the B Physics Parking initiative is a 
success of the entire CMS and a demonstration of 
our strength and flexibility in pursuing novel topics 
via novel means�27
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Conclusions
✦ We have succeeded in a bold and aggressive program of 

putting ~1010 B's on tape this year

✦ Required to push the CMS resources, but offers a very 

handsome potential for the LS2 years

✦ Unique opportunity to test several flavor anomalies 

before Belle II and the LHCb trigger upgrade

๏ Significantly enhances the B physics potential in CMS and 

makes us competitive on a number of measurements that 
were not possible before


✦ Looking for many people to join and help with logistic, 
particle ID, reconstruction, and - of course! - the analysis!


✦ Open to new ideas and proposals on how to use this 
wealth of data, which we are about to uncover�28


