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How can we probe NP in this process?

Three possible ways

[1] measuring distributions
[2] detecting collider signals

[3] looking at correlations with other processes



[1]

Distributions

arXiv:1412.3761

Usage :

Distinguish NP type by looking at
difference in shape of q*2 distribution

B 1))
1% q2 = (PB = PD<*>)2

T



[Distributions]

Possible NP scenario :
T —2v2G Ve, CnpOnp

- Vector (W’ vector, Vector Leptoquark)

Ov, = (eY*Pb)(F7uPLv) | Ov, = (&v"Prb) (77, PLv)
- Scalar (Charged Higgs, Scalar Leptoquark)

Og, = (€ Prb)(FPLv) / Og, = (€ PLb)(FPLv)

- Tensor
OT = (EO’”UPLb)(T'O'MVPLV)

* “LQ specific” combination

CLQl = Csz — —|—4CT / CLQ2 = CSZ — —4CT



[Distributions]
TEST

* Assumption: The current deviations in RD(*) remain in future
* Question : “When” can we probe NP at Belle2 experiment ?

* Approach :

Evaluate required Belle2 luminosity
so that NP can be distinguished with 95%CL

(Image)

Distributions for the case that ('p = best fitted to the current results of R, (.
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[Distributions]
TEST

* Result :
1 model
e T e e e e R
= 1170 106 500 900 4140 2860 === for q*2 distribution
B L) ) ) ) ) (1390)
Z 1140 10° 510 910 4210 3370 \ (for R )
2 | @ @ ©) -) ©) (1960) D)
& g 560 560 540 380 1310 730
g £ (290) | (13750) | (36450) (=) (35720) | (4720)
;C’ e 600 680 700 320 620 550
(270) ) (-) ) ) (1980)
LQ, 1010 4820 4650 1510 800 5920
(270) &) & ) ) (1940)
LQs 1020 3420 3990 1040 650 5930
(250) (1320) (1820) (20560) | (4110) (1860)




[Distributions]

TEST
* Result :
_1 model
e T e e e e R
= 1170 106 500 900 4140 2860 === for q*2 distribution
|| (270) ) ) ) ) (1390)

(fOI' RD(*) )
How to see the table: ex) “data” = V1

“data”

If q*2 data looks like that for V1 prediction,
we can distinguish [the data] with [S2 model]
when Belle2 accumulates 500fb”*-1 data

] Ry




[Distributions]
TEST

* Result :

_1 model
e T e e e e R

= 1170 106 500 900 4140 2860 === for q*2 distribution
| o) () () () () (1390)
(fOI' RD(*) )

How to see the table: ex) “data” = V1

“data”

If q*2 data looks like that for V1 prediction,
we can distinguish [the data] with [S2 model]
when Belle2 accumulates 500fb”*-1 data

NV

* Found :

Measuring q*2 distribution with ~5ab”-1

can identify NP type for almost all cases
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Collider signal

arXiv: 1603.05248

Usage :

Directly detect NP signal at LHC,
consistent with the R, anomaly

5 /‘Lb Model dependent

Scalar LQ




[Collider signal]

Scalar Leptoquark

- Lagrangian

e (g;f' Q5 (i02) L% + g% uSel ) S,

B — D®ri

(CSM = zﬁGFVcb)

* Decay process

gL : S1 — buv,, tT 912%3 : S1 — cT



[Collider signal]
LQ production at the LHC

* Pair production due to QCD

o~ 10fb
(independent of g1, r)

* Possible signal pattern

(tT)(tT)
bv)(bv
pp — 5157 — ¢ ECT;ECT; -
: 1™ petailed cut analyses
. : for these two signals

are available



[Collider signal]

Detailed cut analyses
(bv)(br)

SUSY sbottom search
can be applied

[ATLAS-COM-PHYS-2014-555]

Just follow
the same analyses
for the case of
Mgo =0

(cT)(cT)

LQ search by (b7)(bT)
can be referred

[CMS, arXiv:1408.0806]

c-jet tagging rate
has to be implemented
“ideal” [arXiv:1505.06689]
€c—oe = 50%7 €b—c = 20%7 €light—c — 0.5%

“robust” [arXiv:1501.01325]

€c—sc = 19%7 €b—sc — 13%7 €light—sc — 0.5%

‘“another” [ATLAS-PHYS-2015-001]
€c—oec = 40%7 €b—c = 25%7 €light—c — 10%



[Collider signal]

Detailed cut analyses

(br)(br) (cT)(cT)

é Exclusion limit (95%CL) Exclusion limit at 95%CL : (A 1) (Case 2) h
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How can we confirm the R, anomaly ?




[Collider signal]

Collider limit with respect to the B anomaly

= 23w < 2 3
- Condition: g, =~ —0.5 Csm Mg, e
4 Exclusion limit at 95%CL ) . =
2.0 s Blue : pp — 5157 — (bv)(bv)
14TeV,300 fb~! - B
¢ | Red : pp — S1S; — (c7)(e7)
(bv)(bv): |
15 Obkg = asin[60] | £ 2 A < 5%
' v c-jet tagging is significant
(c)(cT):
Tokg = 30 %, to search $1 leptoquark
BR10 Casety sofid | motivated by R(D(*))

(Case-2): dashed
(Case-3): dotted

800 1000 1200 1400 1600
Mg, (GeV)

600

J

v Improvement of c-tagging
is still significant

< 800 GeV Scalar-LQ
(explaining the anomaly)
can be probed at the LHC



[3]

Correlation

arXiv: 1609.09078

Usage :

Identify NP model by looking at
correlations with other processes

B 1))




[Correlation with others]

Deviations from SMin b — spu ™y~

Observable1. Ry = I'(B — Ku+,LL_)/I‘(B — K€+€_)

SM: 1+ 0(0.01)
0.090
LHCb : 0.745700°0 £ 0.036

~ 2.060

1406.6482 (LHCbD)

Observable 2. Angular analyses of B — K*¢T¢~

w 177~~~ 1 v+ &7 1 " 17T
2 o5k

Including all,

- : ~ 4.0 o

-0.5

1308.1707 (LHCbD)
1512.04442 (LHCb)
1604.04042 (Belle)

Observable 3. Angular analyses of B, — ¢ ¢4~

~ 3.50

1305.2168 (LHCb)
1506.08777 (LHCD)



[Correlation with others]

Viable explanation to address the two anomalies

999t (@37, (61)Q3] [L3~H(aT)LE]
ANP

LNp =

t 1%
Third generation LH fermions: sz — (bL) ] Li = ( TL)
L

2-3 mixings are realized at mass eigenstate:

1 0 0 dr,
0 cosOp sinfp ST,
0 —sinfp cosfp by, i

1 0 0 €er,
O cosf; sinfg 153
O —sinf; cosOp T

D =8
ST W

ITS Ted
v v
- :
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0 o
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[Correlation with others]

Mixing structure correlates the processes

et _f;ge sin @p cos Op sin” 07 (5.vubr) (Y per)
V/

+2Vcs% sin HD COS HD COS2 HL (5L7pr)(7:L7“VL)
VI

+ ...



[Correlation with others]

Mixing structure correlates the processes

et _fr(i?ge sin @p cos Op sin” 07 (5.vubr) (Y per)
VI

dqdv

L

+2V.., sin @p cos Op cos? 0y, (cLyubr)(FryHvL)

Significant constraints

7 K 7 —3u [PDG 2016]
\Z’ZZ Upper limitof Br: Br < 2.1 X 1078 (90%CL)

b\ z’/b B,-B, mixing [PDG 2016]
S S Mass difference of Bs: AM, = (17.76 4+ 0.02) ps—*



[Correlation with others]

Constraints = Prediction

gq =gy =V 0.5, my = 1TeV -

1430 allowed for the R-) anomaly

+30 for the b — sup anomaly

= B .-B; mixing

T — 31

See also Alakabha’s talk



[Correlation with others]

Constraints = Prediction

9gq = ge = V0.5, my, = 1TeV

T — 31

See also Alakabha’s talk

1430 allowed for the R-) anomaly

+30 for the b — sup anomaly

= B .-B; mixing

Barely viable!

= pretty much predictive
Rig ~0.9 (ex. RM =1)

SM
RD(*) ~ RD(*)

7 — 3 : just below limit




Summary
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How can we probe NP in this process?

Three possible ways

[1] measuring distributions
[2] detecting collider signals

[3] looking at correlations with other processes



[1]

Distributions

arXiv:1412.3761

Usage :

Distinguish NP type by looking at
difference in shape of q*2 distribution

B 1))
1% q2 = (PB = PD<*>)2

T



[2]

Collider signal

arXiv: 1603.05248

Usage :

Directly detect NP signal at LHC,
consistent with the R, anomaly

5 /‘Lb Model dependent

Scalar LQ




[3]

Correlation

arXiv: 1609.09078

Usage :

Identify NP model by looking at
correlations with other processes

B 1))




