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L HC start has been so t avour-ful...
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L HC start has been so t avour-ful...
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. 1 4 1.
Not just 'stamp collecting':
Flavor probes fundamental processes
[Bobeth & UH, 1503.04829] oa ....|.[( lll rrt‘f?ll .[?l-'.l.
T é"‘ f_ ; :.
b " -
W 01 [
BN direct
Agf _0'3—01 005
1) TGC coupling on 2 of 3 parameters
competitive with Hi-Pt MY or PG, L. cse
~ [Bobeth & Haisch, JHEP 1509 (2015) 018] £—bb
Just a couple of examples... |
2) B—pp now better then EWK o
precision tests on Zbb coupling |
[Guadagnoli & Isidori, PLB 724:63 (2013) "2
“‘BR(Bs — up) as an EWK precision test”] S




Sensitivity of favor to NP scales
(assuming CKM structure/MFV )
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Limits to BSM physics
from Flavor observables
1 are now comparable

E (and complementary)
to direct searches

Thanks to L. Silvestrini
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Sensitivity of favor to NP scales
(under generic assumptions)
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| 42 eV

Cannot set limits

at such high scales -

But we might just be lucky
and actually see a signal

-

NP scale A (TeV)
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This would be a great
encouragement to
direct searches at
high energy
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Thanks to L. Silvestrini
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Flavor @ HL-LHC

Huge HF cross sections at 13 TeV :

51011 bb+2.8*1012¢cc in 1 fb-1
2.5 1013 bb+1.4*1014cc in 50 fb-1

1015 bb + 1016 cc in 3000 fb-1

Nominal sensitivities

Bd/Bs—pp down to th. u. (~5%)
Rare: DO — py: [10-11+10-12],
K, — Wu[<10-10], T — ppp [10-11]

p S

CKM: a(angles) ~ 0.1 deg.
Charm: x,y ~10-5, lq/p|~10-5

[INEN WN White Paper]

- Actual performance depends on detector capabilities - Selectivity and DAQ
- LHCDb oriented to higher rates — upgrades sooner than ATLAS and CMS
(LHCb recently started considering a further upgrade for Run-5)

Run 1 Run 2 Run 3 Run 4 Run 5+
(2010-12) (2015-18) (2020-22) rznzs-zaj (2030+)

ATLAS, CMS 25 fb 100 fb

LHCh 3fb 8 fb

Today

f

300 fb 3000 fb

23 fb 46 fb (300 fb)

LHCb upgrade T (LHCb 2" phase)

ATLAS,CMS upgrade



http://www.lnf.infn.it/sis/frascatiseries/Volume60/Volume60.pdf
http://www.lnf.infn.it/sis/frascatiseries/Volume60/Volume60.pdf
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ATLAS B-related upgrades

?0-2_"“""I""\""\“"\“"\"“I"“
o,%m 0.18F —o— ATLAS 2012 <u>= 20
% 0.16F —— IBL Layout, <u>= 60 i
0.14F —=— ITK Layout, <u>=200
012 ATLAS simulation g
3 e 1 New all-silicon tracker (ITK)
ort - — better vertex resolution
0020 .
O: cle v b by

Long (47.8mm)
Strips x2
(r=762mm, 1000mm)

ata=0.0 ) ‘

PR IR R R
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Discs
Strips x 7

Stub
Layer x 1 (r=862mm)

(z=1415mm,1582rmm,1800mm,
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Pixel Barrel x4

Pixel Discs x 12
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Strips x3
(r=39mm,78mm, 155mm, [r=4Fc)r5mm < 19mm &77mm,1059mm, 1205mm, 1358mm,
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New Muon Small Wheels
+ additional barrel RPC's

— better acceptance, less background

CERN-LHCC-2013-006; ATLAS-TDR-020

MUONS TRIGGER
LOA: S500kHz in 5 ps

L1A: 200kHz in 20 ps

CENTRAL TRIGGE PROCESSOR

L1 Accept

Level-0 Level-1

CALORIMETER TRIGGER

Move track trigger (FTK) to Level 1
— better selectivity




ATLAS impact on Bs mixing

014 DO 8 fb~! HFAG S
— 0.12 68% CL contours
. [ (Alog L =1.15) ]
& 0_10-_ CDF 9.6 fb~' |
@0
—~
<1 .08 ] :
1 Below SM expectation:
N | ¢ =-0.036 +0.0013
—0.4 —0.2 0.0 0.2 0.4
@ £°° [rad]
All combined —0.033 £ 0.033 +0.084 £ 0.007
2011 2012 2015-17 2019-21 |\ 2023-30+
Detector current | current IBL IBL ITK
Average interactions per BX <u> 6-12 21 60 60 200
Luminosity. bt 49 20 100 250 3000
Di-u trigger pr thresholds, GeV 4 - 46) 4-6 6-6 11-11 11-11 11 - 11
Signal events per fb~! 4 400 4320 3280 460 460 330
Signal events 22000 | 86400 327 900 45500 | 114 000 | 810,000
Total events in analysis 130 000 | 550000 | 1874000 | 284 000 | 758 000 | 6 461000
MC o(¢;) (stat.), rad 0.25 0.12 0.054 0.10 0.064 22

* Plans for further dimuon-based physics




CMS B-related upgrades

WV All VOLLTT pornivinialive 1vi DT r iiyosivo

CERN-LHCC-2012-016
http://cds.cern.ch/record/14818387In=en lipr?a?,:ﬁaym
Upgradle_ - Outer rings

n=10

3 cm\ — %’Pi nerings

Upgrade Silicon pixel detector 44cm— —
with a layer closer to beam -phi e

Current
3 barrel layers

r-z

— better vertex resolution :.- e o

A Upgrade Detector - PUSO with loss'* "

PU =140, 14 TeV
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New L1 track trigger — muon rate improved 10x at 20GeV
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CMS Outlook for B LLLL

~» Bd—pu/Bs—pu already had high impact in limiting possible NP

combined 0+ )— +1.6 —10
CMS & LHCb > g(([}j@ . | a ; S z;‘)ii * ]1?)_9 Nature 522, 68-72
o )=1(2. 6) X

el e — ~onl 2 Currently probes NP scales
o D. Straub, arXiv:1205.6094 - I I

i 0.5-1 TeV (as Higgs coupling)
= . (Tree level probed at (0(100TeV))
|

Jrrs. S b S

. ceeemeens

T t ,
2y ST S
9 SM Ty New Physics?< w

L) | NBY | N(B) | 6B(BY — utu~) | 6B(B® — pip) | BOsign. | o5impitd
20 182 |22 | 35% > 100% 00— 150 | > 100%
100 159 |19 | 14% 63% 0.6 —2.50 | 66%

300 78 |57 | 12% 1% 15— 350 | 43%

300 (barrel) | 346 |42 | 13% 48% 12330 | 50%

3000 (barrel) | 2250 | 271 | 11% 18% 56800 |21%<




The LHCb upgrade: detector

UPDATED UPDATED
ni RICH Detectors

Muon System

TP
NEW pixel VEL IH
*-1 s

= = afs

Vertex Locator

VELO

| Tracking System Calorimeters b o
| i | | i | | | | | | | |

0 10 m 20m

« Substantial upgrades to most detectors [see A.Cardini talk]

« Higher granularity + faster electronics to handle higher L




LHCD Is an experiment at the “Gev” scale
.. that is, Giga-events, not electronVolts.

x10”

LHCb 3fb - _
D - Km - ]
[N=0.7*10° .

20

Entries

M I B R -M
1%00 1820 1840 1860 1880 1900 1920
m(Kn)[MeV/c?

this Imposes unigue requirements on the DAQ

-——_—_J'_
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The LHCb DAQ upgrade

LHCb Upgrade Trigger Diagram up eifect on luminosity and signal yields
30 MHz inelastic event rate 50
(full rate event building) : o
45 ==t Luminasity(1/fh) | ;’
[
: Software High Level Trigger . 407 == Muon triggers {yleki ALLL) | .,"
Full event reconstruction, inclusive and 3 Hadron triggers (yleld A.U.) ,“
exclusive kinematic/geometric selections 3 ,:'f

-__J

. ! — %
upgrade L __=2*1033

Run-by-run detector \ i
calibration = 4*1032 ’

. 15

: . : i o — Increase
T

Add offline precision particle identiﬁcatinn] 5 8(had ron)

and track quality information to selections gk S

—J T 17 n|m||r~--=||r~-u

2-5 GB/s rate to storage

]:us:nnd

Detector readout and trigger at 40 MHz + higher rate to storage
will be the drivers to handle 5x luminosity and collect larger samples

Real-time data calibration and reconstruction [see L.Grillo talk]

Based on new front-end electronics, large PC-based event-builder
network, and large expansion of online CPU farm

14



[J.Charles et al.,, Phys. Rev. D 89, 033016 (2014)]

Oy

d
M1(2) =

LHCb NP impact via B-mixing

[
exciuded area has CL> 0.85

LHCDb 50 /fb +

Belle 11 50/

Stage I

i E I L
0.4 0.2 03 04 05 0.0 0.1

hd
SM
M7,

. . . L L
0.2 03 04 05

[1309.22

T |
I | exduded ara has CL = 0.95

x (1 4 hye?od)

I~ [ exciuded area has CL> 0.05
— 0.4 —
— 03—
0.2 —

0.1 —

0.5 ————

I I L L L
0.2 0.3 0.4 0.5

[1309.22

ab
1.0
0.9

0.8

0.0

93]

my 1.0

93]

LHCb with 50 fb-1 still
dominates in HL era:
0(¢S)= 0.045 — 0.009

(observe SM at 30!)
o(B)= 0.2 deg ( Belle Il)

Sensitivity to NP at
2 TeV (103 TeV) level,
independent of phase

— gluino sensitivity in
the same ballpark of
direct searches
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Precision CKM @ LHC

sin(2) = sm(zq>1) s

. PRELIMINARY
Belle @ Combined T ; Y e
= --- LHCb e BaBar PRD 79 (2009) :072009 ;
BaBar g : | 0.69+0.520.04 +0.07
P ——
o Full Freguentist treatment on MC basis PRD 80 @bo&j 112001 H :
1. —TT —TT T T T T —TT T —TT T BaBar JAy (hadronic) K : 156+0.42 +0.21
T T v G M
- 1 PRD 69 (2004):052001 : ;
L ] Belle d i 0.87 4 0.02 £ 0.01
0.8 |- - PRL 108 ( 2012; 171802 | :
i 1 ALEPH ‘ : ! 0.84 *9%2 +0.16
r ] PLB 492, 259 (2000) :
@ 06 [ - OPAL 1 : i 3.20 '3 +0.50,
%‘ - 4 EPJ C5, 379 (1998) :
> i i CDF i : : 0.79 "5
& o4 J PRD 61, 072005 oadyy: 2 i W e
r i LHCb i bk 0.73£0.04 £ 0.02
r ] arXiv:1503. 0?059 : :
0.2 - - Belle5S ‘ ¢ : 0.57 +0.58 + 0.06
B i PRL 108 (2012} 171801 % *f 1!
L VO 1 Average : i 0.69 +0.02
0.0 L L | S ASIIER NN IR S S R T R N HFAG H ;
0 120 140 160 180 ) 2 g ] A x

« LHCDb currently contributes the best determination of angle y

- o(y) from 4 deg in Run-2, down to 1 deg with 50 fb-1
* Important comparison to loop-level — O(20%) NP still allowed

* No theory limitations - important item to keep improving with HL

‘-_——_lIJ .
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Given enough data, hadronic experiments
can do tau modes as well...

R(D*) = B(B"=D*Tr7%,)/B(B°=D*t 11" 7,,)

R(D*) = 0.336 + 0.027(stat) £ 0.030(syst) — 0S5 ———————v—r—rT
o~ — T T T T T —] .}{‘
Tr:) 4000’_ 935 < ql < 12.60 GeV2/c? LHCbH - Q mmmm BaBar, PR1LL109,101802(2012) sz =1.0
N - ] & 045 — Belle, arXiv:1507.03233
> r T LHCb, arXiv:1506.08614
© 3000
6] - ] 04 = Average
] - - .
S 2000F — = =
4 . 0.35= -
= C A FRam ]
—— Data 7 C ]
s B - D"tv ] 03= —
I B - D*"H (— WX)XE S =
I B - D**lv = 025 FAG
B B Dy e e
Combinatorial vl T L
Misidentiﬁed L m miss ( € ¢ 0'% .2 0.3 04 05 0.6

Separation via multi-D kinematic fits R(D)

 LHCb now sees similar anomaly as Belle/Babar [PRL 115, 111803 (2015)]
« LHCb will produce a lot more useful info on this issue in future

«  Will also study other tau modes (and in hadronic final states as well)




Other existing deviations: B K*uu

) [JHEP 02 (2016) 104] Altmannshofer & Straub, 1503.06199
Qﬂ el : I ! ! 1 ! v ! v I ! ! v : [l T T T T T
2 -] i
- LHCb : Global fit , , ,
e SM from DHMV -] " L/Branchmg fractions
- ] -
ot | SR, A |
B —— ] ] g
5 — “+ —— = i
'1:_ E Angular variables
2F - -2r |
= L i S 1 5
0 5 10 15
Re(C)F)

q* [GeV ¢

« Existing deviations will of course be investigated with more data

* More data means more than just increasing the significance of
deviation: exploring further variables (e.g. Acp — access imaginary

parts) and further channels will likely shed more light on the issue
(e.g. b — S modes [R. Barbieri et al., EPJC 76:67 (2016)] )

NP or SM ? Either way, we are going to learn more Physics.

= - — - = = — - - J
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http://dx.doi.org/10.1007/JHEP02%282016%29104

Charm mixing/CPV

9 -
o 1.2% !CPVanowed o
> | 3
1} 4
- g
0.8} = o
- <
0.6/
0.4 S
0.2}
0f o -
0 no mixing .
T 26
—0.4- 3¢
0. f 4c
_0_ |!56 N T T T Y TN T A Y TN N A AN TN T T YT T N A
-06-04-02 0 02 04 06 08 1 1.2 0.6 0.8 1 1.2 1.4 1.6
X (%) la/pl

« LHCDb the first single experiment to observe DO mixing PRt 110 (2013) 10180}

 CPV not yet observed. Interesting  awysis [obs [ LA G- LHCH G0 )
parameter related to top FCNC, Kemom™ | = s e
not theory limited. la/7] 0.2 0.04
© 15° 3°
f KYK=, | yop 3x107% 2% 107"
* Unique probe of up-quark sector == 4 | 3x10 2 x 105
Ktn— e 5x 107 1x107°
» Huge promise from HL-LHC Vol s oo
Ap 0.02 4x 1073
(p

# .
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A very rich program...

[LHCb-PUB-2014-40]

Type Observable LHC Run 1 LHCb 2018 LHCb upgrade  Theory
BY mixing 5:(BY = J/id) (rad) 0.049 0.025 0.009 ~0.003
6(BY = Jf fo(980)) (rad) 0.068 0.035 0.012 ~ 0.01
Aq(B?) (1073) 2.8 1.4 0.5 0.03
Gluonic ST (BY = 69) (rad) 0.15 0.10 0.018 0.02
penguin 0B — K*K*Y) (rad) 0.19 0.13 0.023 < 0.02
26T (B° 5 6K?) (rad) 0.30 0.20 0.036 0.02
Right-handed T(BY — ¢y) (rad) 0.20 0.13 0.025 < 0.01
currents T BY = ¢) /o 5% 3.2% 0.6% 0.2%
Electroweak  S3(B% — K*%utp=;1 < ¢* < 6 GeV?/c?) 0.04 0.020 0.007 0.02
penguin g App(B® = K*u*p™) 10% 5% 1.9% ~ 7%
ARt 1 < ¢ < 6 GVt 0.09 0.05 0.017 ~ 0.0
B(BT - 7 pu*u~)/B(BT™ — KT u*p™) 14% 7% 2.4% ~ 10%
Higgs BBY = 1) (109 10 05 0.19 03
penguin B(B® — ) /B(BY — ppm) 220% 110% 40% ~ 5%
Unitarity v(B — DWEK®) 7° 4° 0.9° negligible
triangle v(B? — DTK®) 17° 11° 2.0° negligible
angles B(B° — J/ KY) 1.7° 0.8° 0.31° negligible
Charm Ar(DY = KFK-) (1077 34 29 0.4 -
CP violation AAgp (1073) 0.8 0.5 0.1 —

20



...and still room for improvement !

[LHCb-PUB-2014-40]

Type Observable LHC Run 1 LHCb 2018 LHCb upgrade  Theory
BY mixing 5:(BY = J/id) (rad) 0.049 0.025 0.009 ~0.003
6(BY = Jf fo(980)) (rad) 0.068 0.035 0.012 5 ~001
Aq(B?) (1073) 2.8 1.4 0.5 0.03
Gluonic ST (BY = 69) (rad) 0.15 0.10 0.018 0.02
penguin 0B — K*K*Y) (rad) 0.19 0.13 0.023 < 0.02
26T (B° 5 6K?) (rad) 0.30 0.20 0.036 0.02
Right-handed T(BY — ¢y) (rad) 0.20 0.13 0.025 < 0.01
currents T BY = ¢) /o 5% 3.2% 0.6% 0.2%
Electroweak  S3(B% — K*%utp=;1 < ¢* < 6 GeV?/c?) 0.04 0.020 0.007 0.02
penguin g App(B® = K*u*p™) 10% 5% 1.9% More ~ ™%
ARt 1 < ¢ < 6 GVt 0.09 0.05 0.017 ophg ~0.02
B(BT - 7 pu*u~)/B(BT™ — KT u*p™) 14% 7% 2.4% ~ 10%
Higgs BBY = 1) (109 10 05 0.19 03
penguin B(B® — ) /B(BY — ppm) 220% 110% 40% x8 ~5%
Unitarity v(B — DWEK®) 7° 4° 0.9° negligible
triangle v(B? — DTK®) 17° 11° 2.0° |arge negligible
angles B(B° — J/ KY) 1.7° 0.8° 0.31° negligible
Charm Ar(DY = KFK-) (1077 34 29 0.4 oo
CP violation AAgp (1073) 0.8 0.5 0.1 9 —
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LHCDb Upgrade Consolidation (Phase-1B)

LHCb Phase-Ib upgrade during LS3 aims for moderate cost improvements on the Phase-| detector.
Possible improvements being investigated which have the potential to extend LHCb physics capabilities:

- Improve tracking acceptance for low momentum particles by installing tracking stations on the
dipole magnet internal side.

- Improve muon acceptance by adding muon chambers around the dipole magnet using the
magnet yoke as shielding.

- Replace HCAL with a new shielding for the muon chambers.

- Innermost ECAL region needs to be replaced during LS3. Rather than using existing spares, use new
technologies (see later).

- TORCH: as standalone PID detector, or as a timing device, perhaps embedded in ECAL.

- SciFi may need some module replacement during LS3.

: o f 1!_ : """f:l‘..: = _T|

Mirrored cylindrical surface
Focusing black

Photodetectors —\"\‘\\

-

Quartz plate

250 cm

Mirrored edge
66 ¢y

F. Teubert, BEAUTY 2016
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Possibility of LHCb Luminosity increase

Levelled Opt fill Integrated Integrated Levelling
luminosity | length luminosity luminosity LHCb time IP8
LHCb [ 1034 | (IP1/5) [h] ATLAS/ [fb-ly] [h]
cm2s! ] CMS [fb-'ly]

0.2 (hom.) 9.3 261 10.4 3 9

I 9.1 258 28 3 0.5

I 8.8 256 47 |

2 9.1 258 28 3

G. Arduini, Preliminary

Thanks to excellent efforts from the LHC team, the possibility of
delivering up to 2*10*34 to IP8 (LHCDb) has been studied.
This would require some extra absorbers to protect machine elements.

Preliminary results allow for up to 300 fb-1 to be collected by LHCb
— a 6x enhancement — without perturbation to ATLAS/CMS.

Calls for substantially upgraded detector, but unlocks great possibilities

23



LHCDb upgrades being considered for
future running at 2*1034

- VELO: double inner radius to survive radiation - or (better) replace
with thinner sensor, smaller pixels

- Supplement downstream SciFi tracking with Silicon (granularity)
« Restructure PID (muon and RICH detectors)
- Upgraded calorimetry, possibly with TOF capabilities (TORCH)

- Timing of track hits to 200 ps to keep PV assignment mismatch at
current levels

[— see "Beyond the LHCb Phase-1 Upgrade" workshop, 6/4/2016]

==

24


https://indico.cern.ch/event/481359/overview

To summarize ...

CERNCOURIER

Luminosity is the key

...also for Flavor !
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